Tanja Kirjavainen

Essays on the Efficiency
nools and

HELSINGIN KAUPPAKORKEAKOULU
HELSINKI SCHOOL OF ECONOMICS

A-348



Tanja Kirjavainen

Essays on the Efficiency of Schools
and Student Achievement

HELSINKI SCHOOL OF ECONOMICS
ACTA UNIVERSITATIS OECONOMICAE HELSINGIENSIS

A-348



© Tanja Kirjavainen and
Helsinki School of Economics

ISSN 1237-556X
I[SBN 978-952-488-336-8

E-version:
ISBN 978-952-488-337-5

Helsinki School of Economics -
HSE Print 2009



To my family.






Abstract

This thesis consists of five essays that investigate the efficiency
differences of schools, explain the differences in efficiency and student
achievement and take a further step by looking inside schools with
differing efficiency. In the studies presented in the essays, efficiency
differences were estimated with various methods, both parametric
and non-parametric, and at different points in time using both cross
section and panel data. The use of panel data, in particular, brings
new possibilities to the analysis and understanding of efficiency
differences. The stability of the efficiency estimations was also tested
with several models. Information on this matter is a prerequisite if
efficiency differences are to be studied further.

The causes of inefficiency were examined in this thesis with both
quantitative and qualitative methods. The use of both of these
methods broadened the scope of earlier studies and provided useful
information on their advantages and disadvantages in analysing
causes of efficiency. The application of different approaches also
provided a richer description and understanding of the case schools,
their processes and factors affecting efficiency.

Finnish general upper secondary schools provided a good empirical
context to analyse efficiency differences between schools and factors
affecting student achievement, because the schooling is fairly short,
lasting on average for three years, information is available on the
earlier school achievement of the students as well as their family
background, and most importantly, it concludes with a nation-wide
matriculation examination. The empirical analyses in this thesis are
based on register data on Finnish general upper secondary schools,
their students and students’ parents in 1991, 1990-1998 and 2000-
2004. The register data are supplemented with survey data from 73
schools in 1995 and 27 semi-structured interviews of principals and
teachers in 9 schools in 1999.

The results of the studies show that there were efficiency differences
between Finnish general upper secondary schools. The size of the
differences depended on the method and model used for calculating



the efficiency. The rankings of schools based on efficiency scores
were also fairly unstable. Concerning organizational practices, very
few of them were related to efficiency. The results of case studies
showed that schools with caring views about the students, professional
staff relations, participative management and decision making, and
curriculum work which was perceived as a way to develop school
and own work were more efficient.

In addition to investigating efficiency differences, the studies in
this thesis examined the influence of the comprehensive school
grade point average, family background, school resources, length
of studies and decentralization of test taking on performance in the
matriculation examination with different methods and data and at
different points in time. The results provided causal information on
the effect of changes in school resources on student achievement
and they showed that student achievement was not affected by the
changes in resources. New evidence was also provided on the effect
of lengthening of studies and decentralization of test taking in the
matriculation examination. According to results, schools with longer
length of studies and higher rate of decentralization performed worse
in the matriculation examination.

Key words: Efficiency, Productivity, Upper secondary education

JEL Classification: 121
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Introduction

INTRODUCTION

1.  Background of the thesis

Education plays a major role in modern society and in peoples’ lives.
Children spend a considerable part of their early life in schooling,
acquiring knowledge and skills that are useful later in their lives.
Schooling does not end with the coming of age, but often continues
through life, as many people change their occupation or complement
their earlier studies. The concept of lifelong learning depicts this
development.

Education not only occupies time but provides wealth, health and
pleasure for people and nations. It is considered a key element
in keeping up in the present day global competition. Therefore,
governments invest considerable amounts of money in the education
sector. From their point of view and from the point of view of taxpayers,
it is not irrelevant how this spending is used. There are both equity
and efficiency aspects that have to be taken into account.

Equity of schooling emphasizes the importance of providing equal
opportunities for education regardless of students’ family background,
race or place of residence. From the point of view of efficiency, the
focus is on delivering good quality education by minimizing the use
of resources. To some extent, these two aspects can be viewed as
being two opposite goals. However, taking into consideration the way
efficiency is measured, the question of equity is also addressed. Since
differences between educational institutions appear in efficiency
analysis as efficiency differences, large differences indicate that there
also might be problems with equity.



If increased efficiency and productivity is taken as one of the means
to improve the functioning of educational sector, information is
needed on efficiency measurement and differences as well as factors
contributing to higher efficiency and productivity. There is a large
body of research on efficiency measurement and efficiency differences
in general (see Fried ef al., 2008). This also applies to the education
sector (Johnes, 2004; Worthington, 1999). The Finnish schooling
system has been analysed to a lesser extent (see Kangasharju, 2007).

As for studies examining the causes of efficiency, they are more
limited in number, both in general and concerning education. In
order to improve efficiency, such information is, however, essential.
Not only is research evidence concerning the system level effects
such as governance and competition important, but also information
concerning the processes at the local and school levels.

As is often the case, there is also a more personal side. As a young
researcher conducting my first efficiency analysis, I started wondering
if my measurements had anything to do with ‘real life’. I had these
nice efficiency distributions that I enjoyed calculating and charts
and figures that looked nice on paper. But were the figures reliable?
What was behind them? What were these schools and what kind of
school was actually efficient? These are, I suppose, obvious questions
coming to many people’s minds when conducting efficiency analysis
with statistical data.

The essays of this thesis provide answers to these questions. They
investigate the efficiency differences among schools, explain
the differences in efficiency and student achievement and take a
further step and look inside those schools with differing efficiency.
Efficiency differences are estimated with various methods, both
parametric and non-parametric, and at different points in time using
both cross section and panel data. The use of panel data, in particular,
brings new possibilities to the analysis and understanding of the
efficiency differences. The stability of the efficiency estimations is
also tested with several different models. Information on this matter
is a prerequisite if efficiency differences are to be studied further.
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Causes of inefficiency are examined in this thesis with both quantitative
and qualitative methods. The use of both of these methods broadens
the scope of earlier research and provides useful information on their
advantages and disadvantages in addressing these questions. The
application of different approaches also provides a richer description
and understanding of the schools, their processes and factors affecting
efficiency. As such, it is useful information for future studies.

In addition to investigating efficiency differences, the studies in this
thesis examine the influence of the comprehensive school grade point
average, family background, school resources, length of studies and
decentralization of test taking on performance in the matriculation
examination using different methods and data and at different points
in time. The results provide causal information on the effect of
changes in school resources on student achievement. New evidence
is also provided about the effect of the lengthening of studies and
decentralization of test taking in matriculation examination.

Finnish general upper secondary schooling', which provides post-
compulsory general secondary education for students aged 16-19,
offers a good empirical context to examine efficiency differences
between schools and factors affecting student achievement because
it is fairly short, lasting for three years on average, information is
available on the students’ earlier school achievements and family
background, and most importantly, it concludes with a nationwide
matriculation examination.

The empirical analyses in this thesis are based on register data on
Finnish general upper secondary schools, their students and students’
parents in 1991, 1990-1998 and 2000-2004. The register data are
supplemented by one set of survey data from 73 schools in 1995 and
27 semi-structured interviews of principals and teachers in 9 schools
in 1999.

! Two of the essays in this thesis use the term ‘senior secondary school’ to refer to general
upper secondary schools. Earlier, this term was more common. The present recommendation
is the term ‘general upper secondary school’. Therefore, this term is used in the introduction
and in three of the other essays in this thesis.



During the years covered in this thesis, general upper secondary
schooling has undergone major changes. The reforms have increased
school-level autonomy in decision making and in the content of
instruction. They have also increased students’ autonomy and
initiative in studying. The effects of these changes have not been
very intensely studied, especially from economic and efficiency
perspectives. The results of this thesis also provide evidence of some
of the consequences of these reforms.

This introduction continues as follows. Chapter 2 presents research
related to this thesis. The studies in this thesis are based on two
research traditions. First, I discuss studies on the education production
function, which concentrate on examining the effect of peers, school
resources and class size on student achievement. In the following
chapter, the measurement of efficiency and different methods used
in this thesis are reviewed. School effectiveness is then introduced
and to a lesser extent school improvement studies that concentrate on
the processes of schooling and their effects on student achievement.
Chapter 3 briefly reviews the institutional context and describes the
Finnish general upper secondary schooling system in 1985-2005. The
content of the thesis is presented in chapter 4 and the main findings
and conclusions in chapter 5.

2. Approaches to studying school efficiency

Interest in studying factors affecting student performance started at
the end of the 1950s. The Coleman report (Coleman et al., 1966)
is usually mentioned as the first systematic work in the field trying
to uncover factors behind successful student performance in public
elementary and secondary schooling. Following the Coleman report,
abundant research has been carried out on the effect of family
background, peers and school resources on student achievement.

This thesis relies on two research traditions that both have their
origins in the Coleman report. Economists have used education
production functions when studying the effect of family background,
peers and school resources on student achievement. Educationalists
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have concentrated more on the processes of schooling and their
effect on student achievement in school effectiveness research.
Literature on the education production function provides the general
framework for efficiency measurement, since it deals with the inputs
and outputs of schooling and their relationship. The focus in studies
on the efficiency measurement of schooling is usually more limited
and technical in nature, concentrating on developing and testing the
results of different methods. The relationship of inputs and outputs in
many cases plays minor part.

In the following, I present the main developments in studies on the
education production function, discuss the measurement of efficiency
and studies measuring the efficiency of schooling, as well as school
effectiveness studies. Since the education production function and
school effectiveness studies, in particular, have addressed a wide
range of issues, I will be concentrating on those factors that are
relevant to the studies in this thesis.

2.1  The education production function

The education production function relates observed student outcomes
to characteristics of the students, their families and other students in
the school, as well as other school characteristics. The basic structure
of the education production function can be written as

0,= F(F®, P9 C® T7W §© gy, (1)

where Og is the achievement for a student in grade g; F, P. C, T and
S represent vectors of family, peer, community, teacher and school
inputs, respectively; a depicts ability; and the superscript g indicates
that all of the inputs are cumulative from birth to grade g. In this
model, achievement is cumulatively dependent on the various past
inputs. As such, it creates many complications for empirical work, the
most important being omitted variable bias. To avoid the problems,
the following value-added form is usually used by adding prior
achievement in grade g* to the equation.



Og — f’(Og*,F(g),P(g),C(g),T(g),S(g),a) . ()

The education production function is an extension of the theory of
production and implicitly assumes that schools know the form of the
production function and maximize outputs, i.e. student achievement,
subject to a resource constraint or budget. Thus, schools are engaged
in multi-product or joint production in a range of cognitive, affective
and social outcomes. The resources designated for each of the students
may be separable (as with time spent on particular curricular activities)
or shared (e.g., capital expenditure on school infrastructure). (Levacic¢
and Vignoles, 2002) Education production function studies are very
empirical in nature and there is very little theoretical research in this
area. Recent exceptions are the studies of Lazear (2001), Akerlof and
Kranton (2002) and Todd and Wolpin (2003).

Determining the outcomes of schooling is not straightforward, since
schooling has several tasks in society. Economists view schooling as
investment or consumption. Schooling as an investment is related to
its various outputs contributing to individuals’ or society’s productive
skills and future well-being (Schultz, 1961; Becker, 1975). When
schooling is considered as consumption it refers to the joy, pleasure
and similar benefits derived from studying (Schultz, 1967).

Schooling also functions as a socialization or screening device
(Spence, 1973). Socialization refers to the formal role of education
influencing the later lives of individuals. Schools take much of the
work of parents as educators and socialize children into this society.
Studies concentrating on the socialization task of schooling analyze
the effect of schooling on occupational choice, mobility, earnings
and the relationship between schooling and personal and family
characteristics. The screening task of schools refers to schooling as a
device for sorting students for labor market purposes.

Studies on the education production function have usually a narrower
point of view and take the skills and knowledge acquired through
the schooling process as the output of schooling. In the early stages
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of schooling, the acquisition of basic skills, such as mathematical
and verbal skills, provides a measure of the success of the process,
and these skills are usually measured with standardized tests. In later
years, examination results also provide information on the knowledge
of students. There are at least two pragmatic arguments (Hanushek,
1979) in favour of achievement tests. First, test scores seem to be
valued in and of themselves, and parents, educators and employers
think that they are important indicators of individual skills. Second,
test scores seem to be important in selecting individuals into further
schooling.

The disadvantage of using more easily measurable test scores as the
output measure is that they crowd out noncognitive skills, i.e. personal
and interpersonal skills, behaviour and social attitudes, which are also
highly important outputs in the process of schooling. There is recent
empirical evidence that these skills are significant determinants of
educational attainment and labour market success (for a review see
e.g. Cunha et al., 2006). Studies have also shown that investments
in noncognitive skills in early childhood improve the acquisition of
cognitive skills later on. The importance of noncognitive skills is
also stressed in school curricula, where they are usually mentioned
as major goals of primary and secondary education.

Other outcomes of the schooling process are students’ attitudes
towards learning, the attempts of schools to influence student
lifestyles, including career aspirations, health habits, and sex and
family education, which are even less frequently used as outputs
in studies on the education production function. In all the essays of
this thesis, scores in national matriculation examinations are used as
the outcome measure of schooling, i.e. this thesis concentrates on
measuring the ability of schools to promote the cognitive skills of
students.

Family background is one of the key inputs in the educational
process and one of the strongest predictors of student performance.
Its importance was already stressed in the Coleman report (Coleman
et al., 1966). Family background can be measured, for instance, in



terms of parental education, income or occupational status, students’
eligibility for free school meals (e.g. in UK and US studies), and
the number of books at home. These variables are used to depict the
influence parents have on their offspring and they capture both the
inherited characteristics and the influence of the social environment.

Difterences in children’s abilities across different income levels and
racial groups are already clear in early childhood. These differences
are significantly reduced after controlling for maternal education,
cognitive ability, and family structure (see e.g. Cunha et al., 2006).
Since skill formation is a cumulative process, there is also evidence
that investments in cognitive and noncognitive skills, especially in
early childhood, have high returns. In particular, many noncognitive
abilities are more difficult to influence in later years. Hence, children
with parents having a high income and education are better off.

Only a few studies have explicitly concentrated on the effect of family
background and parental effort on student achievement. Recently,
Houtenville and Smith Conway (2008) examined the effect of
parental effort on student achievement. They measured parental effort
in terms of how often parents discuss important events, activities,
and different school matters with the child and how often parents
attend school meetings and events. The results showed that parental
effort is strongly related to student achievement and is not captured
by the usual family characteristics included in education production
function models. The exclusion of parental effort, however, did not
bias the results. Their results also showed that parental effort acted as
a substitute for school resources, i.e. parents reduced their effort in
response to increases in school resources.

Family structure as one component of family background also
influences the educational process and success in the labour market.
Recently, Black er al. (2005) investigated the effect of family size
and birth order on children’s education based on Norwegian data.
According to their results, birth order had a significant and large
negative effect on children’s education. It also strongly affected adult
earnings, employment and child bearing, especially among women.



Introduction

These findings are congruent with numerous earlier studies (Black
et al., 2005; Pekkala, 2003). In Finland, Pekkala (2003) found that
family size and the birth order interval affected schooling but not
later earnings.

In addition to the direct effect on achievement, e.g. through parents’
efforts to contribute to their offspring’s education, family background
may also have an indirect effect so that it affects, for instance,
grouping decisions in the school. In some studies it is treated as a
non-school factor that is outside the school’s control but nevertheless
affects school work.

Alongside the background of parents, students’ innate abilities
influence their achievement. There is a lack of clarity in defining
these factors (see Hanushek, 1979), but most presumably they refer
to students’ learning capacity, motivation to learn or effort. Studies
on the education production function do not usually include measures
of innate ability of students, because such measures are not available.
Todd and Wolpin (2003) have considered modelling the education
production function so that it captures the theoretical notions that
a child’s development is a cumulative process depending on family
history and school inputs as well as on innate ability, and have tackled
the problem of missing information on innate ability.

In the value-added formulation of the education production function,
previous achievement is used to control the cumulative nature of
past inputs. As mentioned earlier, they have a positive impact on
educational attainment and subsequent earnings in the labour market.
There are different ways to measure previous achievement, but the
most frequently used measures are certain standardized tests taken
in earlier grades. In the studies of this thesis, the grade point average
(GPA) of students in the comprehensive school report is used as a
measure of earlier achievement.

Community characteristics in the education production function
refer to socioeconomic characteristics of the whole community and
they are usually measured in terms of income level, occupational



structure, racial distribution, education level, poverty rates and other
similar indicators.

Peer influences refer to the social impact of other students in the
school. They are usually measured with factors related to general
characteristics of the student body such as earlier achievement, family
income, and educational level of the mother and father. There has
been very little theoretical discussion on peer effects, but Akerlof and
Kranton (2002) recently developed a theoretical model to examine
how social categories, and the prescriptions of those categories,
affect academic achievement, as well as how schools can influence
students’ choices of peers. They based their models on sociological
research on peer behaviour in schools.

Interest in studying peer effects has been growing in recent years
among economists. There have been numerous studies, which have
usually found positive effects of school- or classmates on student
achievement (Summers and Wolfe, 1977; Evans et al., 1992; Hoxby,
2000; Levin, 2001; Fertig, 2003; Hanushek et al., 2003; Robertson
and Symons, 2003; Angrist and Lang, 2004; Schneeweis and Winter-
Ebmer, 2007). Educationalists have also been investigating peer
effects or context and contextual effects (Willms, 1986; Willms and
Raudenbush, 1989).

Teachers play a central role at school. Their skills and personal
qualities mostly determine the schooling experience and learning
of students. Teachers’ salaries also constitute the largest budgetary
element in schools. Despite their evident role in the schooling
process, research has had difficulties in verifying their importance.
To date, the characteristics of good teachers have remained somewhat
undetermined, even though their importance has been indirectly
shown (Rivkin et al., 2005).

Measurement of the qualities of teachers has been one of the major
problems. The usual measures include formal education, experience
and earnings. It is not, however, clear how far these measures capture
the actual variation in quality. In addition, the measures may have only

10
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limited variation. For example, the variable for teachers’ education
may only contain a small level of variance because of the formal
requirements set for teachers.>

Different selection mechanisms also complicate the study of teacher
effects. First, there is some evidence that teachers tend to be selective
in choosing their school. Teachers with longer experience prefer
working in schools with higher student achievement (Hanushek e?
al., 2004). Selection also takes place inside schools, where students
are assigned to certain teachers or teachers are assigned to classes
based on student ability.

Partly because of the above-mentioned problems, results concerning
the effect of teachers’ traits on student achievement are mixed.
Hanushek (2003) reported that in high quality studies using value-
added estimates and student-level data, teachers’ education was
statistically insignificant in 91% of the 34 estimates. Teacher
experience seems to be clearly more important, since in 41% of the
33 estimates the relationship was positive and statistically significant.
The effect of teacher salary is less convincing, as 82% of the 17
estimates were statistically insignificant. Studies using teachers’ test
scores as ameasure of teacher quality are fewer in number compared to
studies using the above-mentioned measures, but they do not provide
any more robust results. Six out of nine estimates were statistically
insignificant in explaining student achievement (Hanushek, 2003).

Recent studies using data linking students and teachers and employing
school and teacher fixed effects to control for the selection and omitted
variable bias have revealed that observable teachers’ characteristics
matter. The test results of students with more educated teachers
were higher (Goldhaber and Brewer, 1997; Ehrenberg and Brewer,
1994). Rivkin et al. (2005) concluded that the observable effect was
small, even though the contribution of teachers on the whole was
large. Goldhaber and Anthony (2007) have also found that students
of certified teachers had a higher level of achievement. Dee (2007)

2 In Finland a qualified upper secondary school teacher has to have a Masters’ level
university degree in most subjects.

11



found in his study that after controlling for subject and student fixed
effects constant across subjects, students assigned to a teacher of the
same gender achieved better results than those assigned to teachers
of the opposite gender.?

From the policy making perspective, the effect of school expenditure
on student achievement and subsequent labour market success is
very important. The usual assumption is that additional resources
enhance learning. The effect of school expenditures and class size
has been widely studied since the Coleman report (1966) and the
results have been mixed. Hanushek’s (2003) famous review showed
that according to the majority of estimates, expenditures per student
do not affect student achievement, whereas Hedges and Greenwald
(1996) came to the opposite conclusion in their meta-analysis.

Traditionally, educational production functions have been estimated
assuming that school resources or class size are exogenous, i.c.
independent of other regressors. There is, however, selection taking
place both between and within schools that causes endogeneity.
Parents with a higher socioeconomic status may choose a school
based on its better resources or teachers. Inside the school, weaker
students may be placed in smaller groups or students may be grouped
based on their knowledge. The problem of endogeneity has been
resolved in empirical work in various ways.

The instrumental variables approach has most often been applied to
overcome the endogeneity problem, and the results of such studies
have usually shown a small positive effect of school resources on
student achievement (Hageland et al., 2007; Levaci¢ et al., 2005;
Jenkins et al., 2006). However, there is also evidence that resources
do not matter, at least not for women, but that they have an effect on
the wages of black women (Betts, 2001). Studies using cross-country
variation have often shown a positive relationship between school
resources and student achievement (see Fuchs and Wossmann, 2007).

3 The results of earlier studies on the effect of the teacher’s gender have been mixed (see
e.g. Dee, 2007).

12
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The problem with these studies is the level of aggregation, which
produces uncertainty in the interpretation of the results.

The fifth article in this thesis examines the effect of teaching
expenditures on student achievement. Instead of the instrumental
variables approach it uses relatively long panel data from the years
1990-1998 with considerable reduction in teaching expenditures
during the period and two-way fixed effects models to control for
heterogeneity in the unobserved time constant and omitted variable
bias. The problem of selection is controlled for by the comprehensive
school grade point average. According to the results, teaching
expenditures did not affect student achievement in Finnish upper
secondary schools. The third essay of this thesis uses school level
panel data from the years 2000-2004. It controls for inefficiency and
school fixed effects and finds some evidence for the negative effect of
teaching expenditures on matriculation examination results.

Research concerning the effect of class size on student achievement
has been quite active in recent years. It has mostly been empirical in
nature, while theoretical discussions have been more limited. A recent
exception was Lazear’s (2001) disruption model for class size effects
based on the idea of disruptions disturbing teaching, requiring the
teachers’ attention and causing students to learn less. Hence, smaller
classes are advantageous for disadvantaged students and the optimal
class size is larger for better-behaved students. Lazear’s model is close
to an earlier model by Brown and Saks (1975) claiming that teachers
take into account the distribution of abilities in the classroom and
allocate their time accordingly.* Correa’s (1993) model is based on
the time allocation of rational teachers and predicts that teachers will
focus on the overall performance of the class, which is more likely to
harm individual students as the class size increases.

According to other possible explanations, teachers may be more
effective in smaller classes. They have more time to concentrate on
individual students and the curriculum may vary more. They may

4 Empirical results by Brown and Saks (1987) showed that teachers use compensative
strategies according to which they pay more attention to low performing students.

13



also be better able to vary their instructional methods according to
the needs of individual students. As a consequence of more individual
instruction, they may also be able to give feedback more often to
individual students. Hence, students learn more in smaller classes.

The empirical evidence giving support to smaller classes is mixed
(Hanushek, 2003; Krueger, 2003; Hedges and Greenwald, 1996),
partly because studying the effect of class size is complicated.
Researchers are faced with same kinds of difficulties as in studying the
effect of teachers and school resources. A major problem is caused by
selection, when parents with a higher education and income choose
their place of residence and hence schools. Schools with higher
spending and smaller class sizes attract parents with higher incomes,
causing student background factors and class size to be endogenous
in statistical models. In addition, the most often used measure for
class size, the student-teacher ratio, is imprecise and the actual class
size naturally varies considerably. Few studies have been able to use
a precise measure for class size.

The problem of selection has been solved in different ways in class
size research. Studies using natural experiments are perhaps the most
convincing, even though they also suffer from some weaknesses. They
are also rare because they are laborious to execute. The Tennessee
STAR experiment is one of the few studies using an experimental
design (see Mosteller, 1995). Krueger (1999) analyzed the Tennessee
STAR experiment conducted on elementary school children in the
U.S. at the end of the 1980s and found fairly large effects of smaller
classes for the first years of schooling. These effects were also quite
stable in the sense that they persisted throughout the schooling career,
so that students in smaller classes were more likely to take the college
entrance test and also performed somewhat better in it (Krueger and
Whitmore, 2001). Particularly minority students benefited from
smaller classes.

Quasi-experiments and the instrumental variables approach are more

often used methods to overcome the selection problem. Many recent
studies have exploited some administrative rule determining the
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maximum class size as their instrument for class size. Most of these
studies have provided evidence that learning is improved in smaller
classes (Angrist and Lavy, 1999; Bonesrenning, 2003), but there
have also been contradictory results (Hoxby, 2000; Dobbelsteen et
al., 2002). Browning and Heinesen (2007) and Bingley et al. (2007)
found that smaller classes increased the number of years of schooling.
Some studies have based their identification strategy on average class
size or student enrolment in the school (Akerhielm, 1995; Levacic¢ et
al., 2005; Jenkins et al., 2006; Wossmann and West, 2006) and have
found small negative effects.

In this thesis, the effect of the student-teacher ratio is examined in two
essays. In the first essay assessing the efficiency of Finnish general
upper secondary schools with DEA, the effect of the student-teacher
ratio on inefficiency (l-efficiency) is tested with Tobit models.
According to results, the relationship is non-linear, so that inefficiency
initially increases and after reaching a class size of eleven it starts to
decrease.

In the third essay of this thesis, the effect of the student-teacher
ratio on matriculation examination results is tested with panel data
using stochastic frontier models that control for inefficiency and
variation that is constant through time and not captured by variation
in the explanatory variables. In most models, the effect is positive,
indicating that student performance is better in schools with a higher
student-teacher ratio.

2.2 Measurement of efficiency

The concept of efficiency may have different meanings depending on
the context. Sometimes, the concepts of productivity and efficiency
are used as counterparts. In efficiency measurement they usually have
separate meanings. The productivity of a production unit, in this thesis
a school, refers to the ratio of its outputs to inputs, whereas efficiency
refers to a comparison between observed and optimal values of a
school’s output and input, i.e. a comparison between observed and
optimal values of a school’s productivity.
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Economic theory recognizes several types of efficiency. Technical
efficiency is determined either as the ratio of observed to maximum
potential outputs obtainable from the given inputs or as the ratio of
the minimum potential to observed inputs required to produce the
given outputs. In the former case, a school is viewed as maximizing
its outputs with the given inputs, and in the latter case as minimizing
the use of inputs when the outputs are fixed. Cost efficiency takes the
prices of inputs into account. In order to be cost-efficient, a school
must be technically efficient and produce its outputs by minimizing the
costs of inputs. Allocative efficiency considers revenues and requires
that schools are technically efficient and produce their outputs by
maximizing their revenues.

The first two efficiency concepts are illustrated in Figure 1 when
constant returns to scale (CRS) are assumed, i.e. an increase in the
input increases the output in the same proportion. Let us consider an
educational sector that is using two inputs, x, and x,, to produce one
output, y. These two inputs are depicted in the vertical and horizontal
axes, respectively. The curve I'l represents the isoquant determining
the best possible combinations of x, and x, to produce the given
level of y. As this curve determines the input-minimizing efficient
production technology, it is also called the efficiency frontier. Points
A, B, C, D, and E depict schools that use different combinations of
inputs x, and x, to produce the same output y.
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Figure 1. The concepts of technical and cost efficiency
when inputs are minimized
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Schools C, A, and D are at the production isoquant I’T and are therefore
technically efficient. All the other schools above the isoquant are
technically inefficient, since they use more of at least one input to
produce the same amount of output. Furthermore, if the line Z°Z
depicts the iso-cost line determining the cost-minimizing production
technology, school A is also cost efficient because it operates at the
point where the iso-cost line passes through the isoquant I'l, i.e. it
produces its output with cost-minimizing inputs.

School B is technically inefficient because it uses more of both of the
inputs relative to efficient technology described by isoquant I’'l. An
input-oriented measure for technical efficiency TE proposed by Farrell
(1957) is obtained for school B as the ratio of OA/OB. It obtains a
value between 0 and 1 depending on the school’s distance from the
efficiency frontier. In case of technical efficiency, it obtains a value
of 1. Inefficiency is obtained as 1 — TE and it gives the proportion by
which the use of school’s inputs could be reduced without reducing
the output y. As for school E, it is both technically inefficient and cost
inefficient, because it uses inputs in cost-inefficient proportions.
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Figure 2. The concepts of technical and allocative
efficiency when outputs are maximized
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Alternatively, technical efficiency is possible to determine so that
schools are assumed to maximize the output while holding the use
of inputs constant (see e.g. Johnes, 2004; Fried et al., 2008). This
is the output-oriented case and technical inefficiency gives the
proportion of outputs that could be increased with the given inputs.
This is illustrated in Figure 2. In this case, schools are producing two
outputs y, and y, with one input x and face the production possibility
curve PP’. Technical efficiency TE for school F is determined as the
ratio of the observed output to the maximum possible output OF/
OG. Inefficiency is obtained as 1-TE and it depicts the proportion
by which outputs of the school could have been increased without
increasing the level of input used. Line RR’ depicts the isorevenue
line. School T is both technically and allocatively efficient. Since G
has the same revenue as T, allocative efficiency can be measured by
the ratio of OF/OG.

In this thesis, technical efficiency is used as the efficiency concept

throughout all the essays. The concept of cost efficiency is not
used, because the data requirements are usually more demanding.
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In addition, because the focus is on schools providing general upper
secondary education and with limited possibilities to influence the cost
structure, it 1s more relevant to concentrate on technical efficiency.

Both input- and output-oriented technical efficiencies are used in this
thesis. In essays 1 and 2, input-oriented technical efficiency is used
when efficiency is measured with DEA. Output-oriented technical
efficiency is used in essays 3 and 4 measuring efficiency differences
with stochastic frontier analysis. In this case, the choice of orientation
is constrained by the method.

2.3 Methods for efficiency measurement

Methods for efficiency measurement are either statistical or non-
parametric. In the latter case they are usually based on linear
programming. In addition, methods can be divided into deterministic
and stochastic ones. Deterministic methods interpret the whole
deviation from the efficiency frontier as inefficiency, whereas
stochastic methods allow for random shocks in production. In such
a case, only part of the deviation from the efficiency frontier is
interpreted as inefficiency. A recent description of both parametric
and non-parametric methods for efficiency measurement is provided
by Fried et al. (2008). Stochastic frontier analysis is presented in
Kumbhakar and Lovell (2000). There have also been some excellent
surveys concerning the measurement of efficiency in educational
institutions (see e.g. Worthington, 2001 and especially Johnes, 2004).
Recent developments have narrowed the gap between statistical
methods and linear programming. Kuosmanen (2006) has presented
a stochastic non-parametric envelopment method that attempts to
combine the advantages of data envelopment analysis (DEA) and
stochastic frontier analysis.

Statistical methods
In statistical methods, it is assumed that efficiency follows a certain

distribution. In addition, these methods are usually parametric. Hence,
one has to assume some functional form for the efficiency frontier.
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As a consequence of this assumption, statistical methods provide a
description of the relationship between inputs and output. In case of
the education production function, they provide information on the
relationship between the outcome measure and, for instance, family
background and school resources.

The possibility for description of the production function is one of
the advantages of statistical methods compared to non-parametric
methods. Other advantages include the possibility to use statistical
significance testing when choosing the inputs for the analysis and
the separation of statistical noise from inefficiency. This latter
characteristic is especially important in practically oriented efficiency
measurement, because it reduces the probability of overestimating
the magnitude of inefficiency.

The disadvantages of statistical methods are that the misspecification
of the functional form affects the efficiency and there is no theoretical
grounding for the choice of functional form. In addition, in case of
multiple inputs and multiple outputs, they become more complicated
to apply. Some critics have also suggested that the confidence
intervals for the inefficiency term are too wide to gain credibility in
practice (Johnes, 2004, 628). In addition, since there is no theoretical
grounding for the distributional assumption of the inefficiency
term, a misspecification of the assumption is also reflected in the
inefficiency. This is not a minor issue, since the assumption affects
the magnitude of inefficiency and the ranking of units. According to
Kumbhakar and Lovell (2000, 90), the sample means are sensitive to
the distribution assumption, whereas the rankings and top and bottom
deciles of inefficiency scores are more likely to remain unaffected.

Statistical parametric methods for efficiency measurement can be
deterministic or stochastic. In deterministic methods, the residual
term of the regression equation is interpreted as depicting efficiency.
There are essentially three methods (COLS, MOLS, MLE) to
estimate the production frontier and they differ in how they define the
location of the efficiency frontier (see e.g. Greene 2008; Kumbhakar
and Lovell, 2000; Johnes, 2004). In addition, in COLS there is no
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assumption about the distribution of the error term. Deterministic
approaches are easy to use, but their drawback is that they interpret
the whole deviation from the frontier as inefficiency, and they do not
allow for random shocks, which might also contribute to variation
in the output. In that sense they are similar to conventional OLS. A
more realistic approach is to allow for random shocks.

In stochastic methods, random shocks are separated from inefficiency.
Stochastic production frontier models were first introduced in the late
1970s (Aigner et al., 1977 and Meeusen and van den Broeck, 1977).
These methods are referred to as stochastic frontier analysis (SFA).
Stochastic frontier analysis allows for technical inefficiency and also
takes into account random shocks and fluctuations in the production
process. The separation of random fluctuations from technical
efficiency is performed by dividing the residual component into two
parts. The first part is the normally distributed error term capturing
the measurement error and random fluctuations. The other part is the
one-sided inefficiency term, which is usually assumed to have a halt-
normal, exponential or truncated normal distribution.

Stochastic frontier models have been developed both for cross section
and panel data (see Kumbhakar and Lovell, 2000). Cross section
models use only variation across production units, whereas panel
data models also take into account the variation within production
units. There are several variations for panel data models. The model
by Pitt and Lee (1981) is an extension of the random effects model,
treating the time constant random effect as inefficiency. A fixed effects
counterpart was introduced by Cornwell et al. (1990).> In both of
these models, inefficiency is treated as constant through time. Recent
panel data frontier models further separate inefficiency that varies
through time from the unmeasured heterogeneity that is constant
through time (Greene, 2005a, b). Latent variable models have also
been developed (Greene, 2005a, b).

5 This model is actually deterministic, since no assumption for the inefficiency term is
imposed but the whole fixed effect is interpreted as inefficiency.
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In more advanced cross section and panel data models, it is possible
to account for heterogeneity in the inefficiency term (Battese and
Coelli, 1995 and Coelli et al., 1999). In these models, the inefficiency
term is a function of some explanatory factors that characterize the
environment or the organization of the producer.

Empirical studies using stochastic frontier analysis in the field of
education are quite small innumber. Inaddition to measuring efficiency
differences across schools or school districts, they have investigated
the effect of school resources (Deller and Rudnicki, 1993), class size
(Cooper and Cohn, 1997; Mizala et al., 2002) and teachers’ merit pay
(Cooper and Cohn, 1997) on student achievement.

The question of what factors affect inefficiency differences has
only recently been addressed in some studies. Kang and Greene
(2002) investigated the effect of parental choice and competition on
inefficiency using the model by Battese and Coelli (1995). Conroy
and Arguea (2008) studied the effect of the crime rate, suspension
and expulsion rate, the proportion of disadvantaged students, the
parent-teacher organization and location on inefficiency using Tobit
models in the second stage.

Stochastic frontier analysis has more often been applied to study the
cost efficiency of schools and school districts. One of the early studies
was that by Barrow (1991), which investigated the cost efficiency of
British local education authorities (LEAs) with panel data. Heshmati
and Kumbhakar (1997) used a model by Battese and Coelli (1995)
in their study of Swedish primary schools. In their model, cost
inefficiency was dependent on socioeconomic characteristics, teacher
characteristics and the wealth of the municipality.

Only a few studies have made use of panel data. Barrow (1991)
studied the cost efficiency of local education authorities using
both cross-section and panel data with stochastic and deterministic
methods. Johnes and Johnes (2009) analysed the cost efficiency
of British universities using SFA, allowing heterogeneity between
universities with random parameters (Greene, 2005a, b). Aaltonen
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et al. (2006) studied the cost efficiency of Finnish comprehensive
schools with pooled panel data and true fixed effects models (Greene,
2005a; b), assuming a half-normal and truncated normal distribution
for the inefficiency term.

In this thesis, I apply stochastic frontier methods in measuring the
efficiency of Finnish general upper secondary schools in two essays.
In the third essay, I compare the results of different stochastic frontier
models for panel data, emphasizing the properties of recent models
by Greene (2005a,b). In the fourth essay, efficiency measurement of
case schools is based on random (Pitt and Lee, 1981) and fixed effects
(Cornwell et al., 1991) stochastic frontier models, and the results of
the estimations are connected to qualitative analysis and findings
concerning the organizational practices of the schools.

Non-parametric methods

Non-parametric methods for efficiency measurement are based on
linear programming. Data envelopment analysis (DEA) is the most
common non-parametric method for efficiency measurement. In DEA,
the efficiency frontier is estimated as a linear combination of inputs
and outputs and the efficiency of each unit is assessed relative to the
frontier. All the deviation from the efficiency frontier is interpreted
as inefficiency. Because of the method’s non-parametric nature, no
assumption is made about the functional form of the production
technology. Hence, misspecification of the production function is not
a problem in DEA. For the same reason, the method does not provide
any estimates or significance tests of the parameters and efficiency
scores.® DEA is easy to use in a setting with multiple inputs and
multiple outputs. The weakness of the method is its sensitivity to
errors in the data. This is a serious problem, especially if there are
only a few observations determining the efficiency frontier.

% In recent years, to overcome some of the shortcomings, bootstrapping methods have been
developed to calculate the confidence intervals for DEA efficiency scores (see Simar and
Wilson, 2000; 2007).
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Different DEA models have been developed over the years. The
basic model, assuming constant returns to scale in production, was
developed by Charnes et al. (1978). A model assuming variable
returns to scale was presented by Banker et al. (1984). These two
models are used in efficiency measurement in the first and second
essays of this thesis. Since the publication of these models, various
extensions have been developed. For a recent review of DEA and its
various extensions, see Thanassoulis et al. (2008) and Charnes et al.
(1994).

DEA has been widely used in efficiency evaluation in education. One
of the first applications of DEA was applied to schooling (Charnes
et al., 1981). Since this study, there have been number of DEA
applications measuring the efficiency differences between schools
and school districts and testing the applicability of the method in
number of countries (Bessent and Bessent, 1980; Bessent et al.,
1982; Ludwin and Guthrie, 1989; Fire et al., 1989; Jesson et al.,
1987; Smith and Mayston, 1987; Bonesrenning and Rattse, 1994;
Kirjavainen and Loikkanen, 1993).

The choice of inputs is somewhat problematic in DEA because of
its non-parametric nature. One strategy is to include all inputs into
the DEA and pay no attention to whether or not they are controllable
by the school. This approach does not make a distinction between
the environments schools are facing, and a school with a harsh
environment may be judged inefficient even though its performance
is due to the environment. This approach, in other words, may
overestimate inefficiency (Johnes, 2004, 657). Two main strategies
have been adopted to overcome the problem related to environmental
factors. Some studies (e.g. Banker and Morey, 1986; Ruggiero, 1996;
Thanassoulis, 1996) have developed DEA models that take into
account differences in the environment.

Alternatively, the majority of studies have adopted a two-stage

approach in which the efficiency differences are determined using
DEA with inputs controllable by the school. In the second stage,
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efficiency scores are statistically explained with environmental and
other variables that may be the cause of inefficiency. This latter
approach is adopted in the first and second essays of this thesis.’

There are several problems associated with this approach (see Johnes,
2004). First, there are no clear guidelines for the selection of variables
in first and second stage. The most common approach is to include
variables controlled by the institutions in the first stage and those not
controllable by the institution in the second stage. The specification
of the functional form in the second stage also affects the results and
is hence important to avoid misspecification errors.

The first essay of this thesis presents one of the first studies applying a
two-stage approach to study the efficiency of schools. It concentrated
on the effects of the student-teacher ratio, school size, the financial
situation of the municipality and location of the school on efficiency.
Subsequently, a two-stage approach has been applied to investigate
the effect of competition (Bradley et al., 2001; Duncombe et al.,
1997; Waldo, 2003), voter monitoring (Duncombe et al., 1997) and
the political context of the municipality (Waldo, 2003) on efficiency.

A few recent studies have used qualitative research methods in the
second stage. Mancebon and Bandrés (1999) examined Spanish
secondary schools by interviewing the headteachers of five efficient
schools, asking their view of the reasons for the school being
efficient. Dodd (2006) studied 38 efficient UK secondary schools with
surveys and interviews. Portela and Camanho (2007) analyzed a few
Portuguese secondary schools by visiting the school site. The fourth
essay of this thesis uses a similar approach and assesses efficient and
inefficient schools with case study data based on interviews.

To date, most DEA applications have used school, institution, district
or municipal level data. Applications using individual-level data
have only been used in some recent studies, even though it has been
a standard in other education production function studies for some

7 Ray (1991) and McCarty and Yaisawarng (1993) have compared the results of DEA and
the two-stage approach.
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time. Portela and Thanassoulis (2001) and Thanassoulis and Portela
(2002) analysed the efficiency of English secondary school students
and schools by decomposing the efficiency into one attributable to the
individual and one attributable to school. The results of individual-

level DEA have been compared to those of multilevel modelling
(Johnes, 2006).

Comparisons of results between different methods have been quite
common. Some studies have compared the results of SFA and
DEA. An early study by Sengupta and Sfeir (1986) compared the
results of regression methods and linear programming, concluding
that the results differed between these two methods. Mayston and
Jesson (1988) also came to the same conclusion when comparing
the performance of local education authorities in the UK using both
regression techniques and DEA.

Mizala et al. (2002) assessed the efficiency of Chilean schools with
DEA and SFA. According to their results, the efficiency rankings of
SFA assuming a half-normal distribution for inefficiency were similar
to DEA efficiency scores. Chakraborty et al. (2001) and Aaltonen et
al. (2006) compared the results of SFA with Tobit-model residuals
that relate the DEA efficiency scores to uncontrollable environmental
factors. Both studies demonstrated that the efficiency scores of SFA
models assuming a half-normal distribution and Tobit model residuals
are very similar.

2.4 School effectiveness studies

School effectiveness studies or school effectiveness research (SER)
have the same origin as education production function studies
in economics. School effectiveness studies are conducted by
educationalists and have concentrated on school effects and processes
and their effect on student achievement. School effectiveness studies
have largely ignored the effect of school resources on student
achievement, which has been the main interest of economists. The
education production function may also be viewed as a simplification
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of the school effectiveness framework, since it does not consider the
effect of process variables (Levaci¢ and Vignoles, 2002).

The study of school processes is methodologically based on viewing
schools and school processes as a nested structure (Bidwell and
Kasarda, 1980; Burstein, 1980), where students are nested within
classes, classes within schools and schools within communities.
School effectiveness studies have emphasized the importance of
examining these different layers and their inter-relationships. These
studies are usually statistical and they apply multilevel modelling
(Goldstein, 2003; Raudenbush and Bryk, 2002) to analyse school
effects.

Main interest in statistical school effectiveness studies has been in
studying the magnitude of school effects, their consistency across
different subjects and stability through time, differential school
effects on different characteristics of students, and the continuity of
school effects measured at different points in time during the school
career (Teddlie and Reynolds, 2000; Sammons, 1999).

A different approach has been taken in studies that first identify
schools with differential effectiveness and then take a closer look
at some of these schools, usually the ones with a high or low
performance. The focus has been on both school- and teacher-level
processes. At the school level, the focus has naturally varied across
studies, but the following topics have been investigated: school
climate, culture, leadership, instructional arrangements, teacher
effectiveness, student monitoring, staff development and parental
involvement, among others.

Data on school processes in statistical studies have usually been
collected from surveys or direct observation and transformed into
quantitative variables. Studies on effective and ineffective schools
have also relied on interviews and other sources of qualitative data
that are used to understand the processes of these schools.
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Figure 3 summarizes the school effectiveness framework and
presents the main groups of variables (see Teddlie and Reynolds,
2000; Levaci¢ and Vignoles, 2002). The outcome of the schooling
process is measured at the individual level and depicts cognitive,
affective and/or post school performance. In the model, it is assumed
that these outcomes are a product of interaction between the school
context, student inputs and resource inputs. The assumed causal links
are from the context and inputs to school processes, which in turn
determine student outcomes. Processes act at school, teacher and

student levels.

Figure 3.

A context-input-process-outcome framework for
school effectiveness (Levaci¢ and Vignoles, 2002)
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School improvement research as a research tradition close to school
effectiveness research has focused on studying schools that are
implementing school change efforts and aiming at improving their
performance (Teddlie and Reynolds, 2000). Such research has mainly
been conducted in the U.S. and U.K. While school effectiveness
studies have often been statistical, studies of school improvement
are more often qualitative. They also concentrate on thoroughly
describing the school practices and how the change has evolved
in the case schools. As effective schools research has mainly been
cross-sectional, examining schools at one point in time, some school
improvement studies have also applied longitudinal approaches by
following case schools over a longer period of time (see e.g. Gray et
al., 1999). In doing so, they attempt to reveal the dynamic processes
behind the change.

Processes of effective schools

The results of various school effectiveness studies have been reviewed
several times over the years. Recent excellent and thorough reviews
include those by Teddlie and Reynolds (2000) and Sammons (1999).
Other older reviews include Purkey and Smith (1983), Levine and
Lezotte (1990) and Scheerens and Bosker (1997). The review of
Lee et al. (1993) concentrated on studies of secondary schools.
These reviews have produced lists of processes in effective schools.
There is a small amount of variation between the lists, but the school
processes in Figure 3 are mentioned in almost all of them. Some of
the processes have consistently been found in effective schools in
every study where they have been investigated. However, the list
also includes processes that have not been present in every study.
In the following, the main findings related to school processes at the
school level are discussed. The presentation is limited to school-level
factors, since they are the main focus of this thesis.®

8 Some of the other factors were already discussed earlier in connection with studies on the
education production function.
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Effective leadership

Strong school-site leadership fostered by clear goals has been found
to characterize effective schools in almost every study (Reynolds
and Teddlie, 2000). This involves a head teacher who is firm and
purposeful and takes the initiative and a leading role in development
processes of the school. Effective school leaders also mediate and
buffer the school from outside disturbances and provide autonomy
and continuity for school work.

A participative approach is also one feature of effective leadership, so
that in decision making the views of all teachers are taken into account
and the teachers feel they can influence school matters even though the
primary source of teachers’ power comes from within the classroom,
1.e. from the ability to control the curriculum and classroom practices
(Lee et al., 1993). Teachers’ involvement in curriculum planning is
also important in participative leadership (Mortimore et al., 1988).
Rutter et al. (1979) also pointed out that the participative approach
involved the motivation and use of the management team. All this is
related to another characteristic of an effective school, namely the
extent to which the school culture is a collaborative one.

Instructional leadership is a third component of effective leadership. It
is related to the role of principals as leading professionals (Sammons,
1999) who are aware of what goes on in the classroom, including
the curriculum, teaching strategies and the monitoring of student
progress. The role also requires supporting, encouraging and giving
practical assistance to teachers if needed.

The fourth and fifth components in effective leadership include
frequent, personal monitoring of staff performance and the proactive
selection and replacement of staff. Personal monitoring of staff has
turned out to be important in every study in which it has been included
(Reynolds and Teddlie, 2000). It involves visiting classrooms and
giving advice and support to teachers in decision making. Proactive
selection and replacement of staff involves head hunting for good
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recruits and pressuring less competent staff to improve their
performance or to move to another school.

Focusing on learning

Focusing upon the importance of academic goals and processes and
an academic emphasis have been shown to be correlates of effective
schools. These factors have been followed using measures such as a
high entry rate for public examinations, the setting of homework with
regular tests and a wide curriculum coverage. In addition, maximizing
the available learning time at school is important (Reynolds and
Teddlie, 2000).

Generating a positive school culture

A positive school culture in terms if a shared vision or mission among
staff members that is collaboratively put into practice is an important
characteristic of effective schools pointed out in many studies and
reviews. It also involves consistency in approaching the school
curriculum and in rules regarding rewards and sanctions.

Collegiality and collaboration are important prerequisites for the
unity of purpose, and it has also described earlier how teachers’
power to influence decision making is another a vital part of a positive
school culture. There is also research evidence that changes are more
successful when they are planned and implemented in collaboration
with teachers and administrators. This kind of engagement brakes
barriers between teachers and administrators and increases the feeling
of unity and communality among staft (Lee et al., 1993).

Other characteristics involved in a positive school culture include
order and discipline within the school. An orderly atmosphere enables
students to concentrate on their school work without unnecessary
interruptions. Mortimore et al. (1988) pointed out that although an
orderly environment is a condition for effective learning to take place,
it does not necessarily mean that when schools become more orderly
they also become more effective. A positive climate for students is
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also important. It relates to the research results that a school culture
with harsh punishments and overly strict control creates tense and
negative attitudes towards teachers (Reynolds and Teddlie, 2000). A
school culture that rewards good behaviour, achievement, effort and
attributes is more productive in promoting a positive climate in the
school.

High expectations of achievement and behaviour

High expectations that are clearly communicated to the students are
also an important characteristic of effective schools. This is also a
factor that has been consistently related to effective schooling in
various studies and reviews. According to Reynolds and Teddlie
(2000), it is most likely related to other factors and characteristics
mentioned earlier such as time management, principal leadership
and a positive school climate. High expectations may also be a result
of other teacher qualities such as activism, a sense of the internal
locus of control or the belief that schools can counter the effects of
a disadvantaged student background. And it is quite likely that high
expectations occur together with staff that place high expectations on
themselves.

A school culture that recognizes and honours academic success
officially and school-wide was also one characteristic of successful
schools. Academic goals were stressed through the use of symbols
and ceremonies that encourage students to adopt similar norms and
values.

Emphasizing student responsibilities and rights

There is evidence that students’ involvement in different school-
related activities and school decision making is present in more
effective schools. Giving students more responsibilities and a chance
to influence school matters is expected to enhance their commitment
and internalization of school values. There is also some evidence that
giving students more responsibility for their own work and control

over learning situations enhances their performance (Reynolds and
Teddlie, 2000).
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Monitoring progress at all levels

The monitoring of student progress is a characteristic of many
effective schools. Sammons (1999) points out that it may be less
directly related to student achievement but is an important ingredient
of effective schools. It helps to determine how well the school goals
have been achieved and it focuses the attention of staff, students
and parents on these goals. It also informs planning, teaching
methods and assessment and it gives a clear message to students that
teachers are interested in their progress. There are also opinions that
monitoring has been spuriously defined, providing little guidance
for practical work. Some schools also waste effort in too frequent
monitoring. Hence, some reviews emphasize that monitoring has to
be ‘appropriate’ (Levine and Lezotte, 1990).

Staff development

School-based staft development is usually mentioned as one of the
characteristics of effective schools. It seems to be important that
it is practical, school-wide and closely related to the instructional
program of the school. It should also be based on the expressed needs
of teachers rather than on outside suggestions for remediation for
teachers’ deficiencies in certain skills. In some studies (Mortimore et
al., 1988), teachers in ineffective schools were attending courses that
were unrelated to the core mission of their school.

Parental involvement

In some studies, parental involvement and support has been found
to be a major factor in student achievement, although contrary
results have also been reported (Reynolds and Teddlie, 2000).
Purkey and Smith (1993) suggested that parental involvement alone
is not sufficient, but is only one of the factors that could positively
influence achievement. Above, results were discussed according to
which parental expectations enhanced student learning. However,
other forms of parental behaviour, such as monitoring homework,
tutoring, minimizing distractions from schoolwork and engaging in
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active choices concerning their children’s educational programme
also positively affect student learning (Lee et al., 1993).

The scope of two essays (essays 2 and 4) that concentrate on the
causes of efficiency differences is based on school effectiveness
studies, the findings of which guided the data-gathering process in
both studies. The survey questionnaire used in the second essay and
interviews analyzed in the fourth essay were constructed based on
this research.

3. Institutional context: Finnish general upper
secondary schooling in 1985-2005

Finnish general upper secondary schools provide post-comprehensive
education for students aged 16 to 19.° The general upper secondary
school certificate together with the matriculation examination
certificate provides eligibility for university or tertiary level vocational
education. Roughly 55% of students in each age cohort continue
their studies in general upper secondary schools. Basic vocational
education is pursued by some 40% of the age cohort.

The statute of general upper secondary education sets the objectives for
schools, emphasizing the stable mental and intellectual development
of individuals. The objective of the Finnish general upper secondary
education is to support the growth of students into good, balanced and
educated individuals and members of society as well as to provide
them with the skills and knowledge needed in further studies, working
life, hobbies, and all-round personal development. Moreover, the
instruction should support the students in lifelong learning and self-
development throughout their lives.

% General upper secondary education and the matriculation examination can also be
completed in general upper secondary schools for adults or in the adult study line in
general upper secondary schools. Students have to be over 18 years of age to qualify for adult
education. In this thesis, the education for youngsters is studied and adult education is
therefore not further discussed.
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Since 1982, general upper secondary education has been divided into
courses consisting of about 38 lessons. The school year is usually
divided into five or six periods. A timetable is devised for each period,
focusing on certain subjects. Until 1994, students followed year
classes and mostly progressed with the same pace, completing their
studies in three years. After 1994 the year classes were abolished and
general upper secondary schools had a two-year transition period to
start following a non-graded system. In this system, students prepare
their individual study plans and devise a schedule for each period,
focusing on certain subjects.'” Student progress and the composition
ofteaching groups depend on the students’ choice of courses. Students
are able to carry out the studies over 2 to 4 years.

Within the present system, the general upper secondary education
syllabus consists of a minimum of 75 courses. There are compulsory,
specialization and applied courses. All students must complete the
compulsory courses, the number of which varies from 47 to 52
depending on the course choices. Schools must provide specialization
courses for students to choose from. Each student is responsible
for completing a sufficient number of courses. Applied courses
may be integrative courses with elements from various subjects,
methodological courses, or vocational or other studies organized by
the same or another education provider. Applied courses may also
include courses taken as part of the general upper secondary school
diplomas completed in art or physical education.

Institutional setting'!

The Ministry of Education grants the authorization to provide general
upper secondary education. Most general upper secondary schools
follow a generalized curriculum. There are some 50 schools that have
been permitted by the Ministry of Education to have a specialized

19 There were also some 20 general upper secondary schools that experimented with the
non-graded system before 1994.

" The main sources are the Internet pages of the Finnish National Board of
Education (www.oph.fi), the Ministry of Education (www.minedu.fi) and Takala
(1994).
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curriculum. Schools can specialize in music and arts, sports,
mathematics and sciences, and languages.'? Specialized schools
have their own entrance requirements that are related to their area
of specialization. Some schools, especially in rural areas, also offer
some of their courses as distance education jointly with some other
general upper secondary schools.

General upper secondary schools are mostly maintained by
municipalities. In addition, there are some private schools, schools
maintained by the joint organization of municipalities and some
state-owned schools. No municipal general upper secondary schools
charge school fees. Municipalities cover school expenditures from
their general revenue services, which consist of local income tax,
property tax and non-earmarked grants'. Private schools receive a
state grant on a per student basis, and they also obtain funding from
municipalities. Private schools may charge minor fees.

The period of 1985-2005 can roughly be divided into two institutional
settings. From 1985 until 1993 the regulations at the state level
concerning the curriculum and funding of general upper secondary
schools were quite restrictive, leaving only limited discretion for the
schools and municipalities that largely maintained the schools. After
1993, state control was considerably reduced and decision making
was decentralized to the local level.

In 1985-1993, schools followed a national curriculum that stated in
some detail the content of instruction in each subject. The role of
schools was to put the curriculum into action. The provision of general
upper secondary schooling was also regulated so that the Ministry of
Education made the decision concerning study places. Since 1993 the
number of study places has followed local needs.

In 1994, state level control was considerably reduced and the autonomy
of schools increased as decision-making power was transferred to the
local level. Both the new state grant system and the national core

12 These schools also have classes that follow the generalized curriculum.

13 Until 1993 the grants were earmarked (see discussion below).
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curriculum supported this trend. The national core curriculum acted
as frame on which each school based its own curriculum.

The broad national objectives and the allocation of time to instruction
in different subjects and subject groups as well as student counselling
are decided on by the Government. By devising the National Core
Curriculum, the Finnish National Board of Education determines the
objectives and core contents of the various subjects, subject groups,
cross-curricular themes and other instruction. It also sets the main
principles for cooperation between the home and school and the key
principles and goals in student welfare services. Based on these, each
education provider draws up its own local curriculum. The curriculum
must provide students with individual choices concerning studies,
including utilizing instruction given by other education providers, if
necessary.

At the same time as the transfer of decision-making power to the
local level, the inspection of schools was also abolished in 1994. To
ensure the quality of instruction, a national level evaluation system
was established. The Finnish National Board of Education was
responsible for evaluation at the national level. The first extensive
evaluation concerning general upper secondary schools was published
by the Finnish National Board of Education in 1994 (Jakku-Sihvonen
and Blom, 1994). Since then there have been smaller evaluations or
follow-ups concentrating mainly on the operation of the non-graded
system (see e.g. Opetushallitus, 2000 and Opetushallitus, 2005).

Matriculation examination'

General upper secondary schooling concludes with a matriculation
examination, which is a compulsory nationwide set of tests. The
purpose of the examination is to determine whether students have
assimilated the knowledge and skills required by the general upper
secondary school curriculum. The examination is arranged in general

14 The main sources are the Internet pages of the Matriculation Examination Board (www.
ylioppilastutkinto.fi), the Finnish National Board of Education (www.oph.fi) and the
Ministry of Education (www.minedu.fi).
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upper secondary schools around the country. The Matriculation
Examination Board is responsible for administering the examination,
for preparing the tests and for the final assessment of the answer
papers’. The results of each individual test are normalized to be
comparable each year.

Matriculation examinations are arranged in the autumn and spring
during a two-week examination period. In 1985-1995, all the tests
had to be taken during one period. Since general upper secondary
schooling was usually completed in three years, the majority of
students took their tests during the spring term of the third year.
In 1996 the matriculation examination underwent some changes
following the structural changes taking place in general upper
secondary schooling. Students were able to decentralize their test
taking into three consecutive examination periods. The requirement
for the test taking is the completion of all the compulsory courses in
that subject.

Students can take individual tests in up to three consecutive
examination periods. The examination consists of at least four tests.
One of these, the test of the candidate’s mother tongue, is compulsory
for all candidates. The candidate then chooses three other compulsory
tests from among the following four: the test in the second national
language, a foreign language test, the mathematics test and the
general studies test. As part of the examination, the candidate may
additionally include one or more optional tests (a foreign language
test, mathematics test or general studies test).

The intial grading of the tests is carried by the teachers of the school
according to the guidelines of the Matriculation Examination Board.
Associate members of the Matriculation Examination Board (external
to the school) are responsible for the final grading of the tests. During
1985-1995 the grading followed a seven-step scale: improbatur,
approbatur, lubenter approbatur, cum laude approbatur, magna cum
laude approbatur and laudatur. In 1996 the scale was changed to eight

15 The preliminary assessment takes place by the teachers in each school.

38



Introduction

steps so that the highest grade, laudatur, was split into eximia cum
laude approbatur and laudatur.

Finnish senior secondary schooling in numbers

The institutional context of Finnish general upper secondary schools
was described above. In the following some general background
statistics of schooling are briefly summarised in order to provide a
somewhat broader view of the system than is given in each individual
essay of this thesis.

Thesize ofthe age cohort, the labour market situation and attractiveness
of vocational schooling affect the number of students in general
upper secondary schooling. Some 55% of graduates in each age
cohort continue their studies in general upper secondary schooling
after comprehensive schooling. The share was slightly lower at the
end of the 1980s, but gradually increased to 55% in the first half of
the 1990s. Thereafter, it remained at this level until 2003. Due to
increased attractiveness of vocational education, the proportion of
students continuing their studies in general upper secondary schooling
has decreased some five percentage points since 2003.
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Figure 4. Percentage share of comprehensive school
graduates continuing their studies in general
upper secondary schooling in 1989-2006 (left
axis) and the average grade point average of
comprehensive school report of students accepted
to general upper secondary schooling (right axis)
and vocational schooling (right axis)
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Students apply to general upper secondary and vocational education via
a joint application system. Acceptance to a specific school is based on
the student’s comprehensive school grade point average. Competition
for places in some of the most popular schools is especially fierce
in general upper secondary education. Unfortunately, no national
statistics are published on the results of the joint application system.
Thus, no systematic information is available on the comprehensive
school success of students accepted to general upper secondary
and vocational schooling. Accordingly, there is no systematically
published information on the competition between general upper
secondary schools.
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Intwo of the studies in this thesis, a joint application register containing
information on students’ grade point averages in comprehensive
schooling'® was available for the years 1996-2003. In Figure 4, this
information is used to calculate a rough estimate of the average
grade point average for students accepted to general upper secondary
or vocational schooling directly after completing comprehensive
schooling. As shown in Figure 4, there is a clear selection between
these two schooling institutions so that students applying to general
upper secondary schooling perform clearly better in comprehensive
school than students applying to vocational schooling. The difference
in grade point average (GPA) is some 1.6 points. The average grade
point average in both schoolings remained quite stable during the
eight year period. Only in 2003 was there a slight increase in both of
them.

There is also clear selection between general upper secondary schools.
In Figure 5 the distribution of average grade point averages of schools
is depicted for those students that completed their studies in 2004. In
majority of the schools the average GPA varied between 7.8 and 8.6,
but in some schools the average GPA of accepted students exceeded
9. In the lower tail of the distribution there are schools that have an
average GPA of 7.3.

16 Grades for each subject are given by teachers and range from 4 to 10.
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Figure 5. The distribution of average GPA in general upper
secondary schools based on information for
students completing their studies in 2004
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In 1985 there were some 115 000 students in general upper secondary
schools (see Figure 7; Statistics Finland). Towards the end of the
1980s the number of students decreased, but the severe recession
at the beginning of the 1990s increased the total to almost 130 000
students. The peak was reached in 2000 and thereafter there has been
a moderate decrease. General upper secondary education has been
more popular among female students, since over half of students are
female. The proportion of the female students has remained quite
stable, and in 2004 it was 57%.
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Figure 6. Number of graduates (left axis) and proportion
of students completing their studies in three years
(right axis) in 1983-2005
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The number of matriculating students follows the number of students
in general upper secondary schools, since the proportion of students
failing in separate tests is kept stable across years and the dropout
rate is low. In 1990, some 27 500 students passed the matriculation
examination, while in 2005 this figure was 34 000 students (see Figure
6).'”7 The proportion of students discontinuing their studies is quite
low in general upper secondary schooling compared to vocational and
tertiary level education in Finland. It has also remained quite stable
over time. During the 1980s it increased from some 5% up to 7% in
the school year 1989-90 (Statistics Finland; Ojala, 1994). Thereafter
it decreased and during the first half of the 2000s it remained at
approximately 4% (Statistics Finland). Male students discontinue
their studies more often than female students (Statistics Finland).

17 These numbers include adult students, who account for approximately 5% of the student
population. Unfortunately, it was not possible to obtain figures for young students only.
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Teaching arrangements have clearly influenced the length of studies,
even though the rate of discontinuing studies has remained unaffected.
During the period of fixed classes, over 90% of students completed
their studies in three years (see Figure 6). In the school year 1985-
86 this figure was 92%, and in the school year 1991-92 some 93%
(Statistics Finland; Ojala, 1994). Since year classes were abolished
in 1996 and students started following individual study plans the
increased freedom and responsibility has caused a clear increase in
the length of studies. The peak was reach in 2002, when some 17%
of graduating students studied for over 3 three years.

The number of general upper secondary schools has only recently
been decreasing. Before that the situation was quite stable. In 1982
the number of schools was 464, while in 1993 there was only one
school less (Ojala, 1994). In 2004 the number of schools was 436 and
by 2005 it had decreased to 428 (Statistics Finland). The average size
of schools is quite small by international standards (Figure 8). It has
fluctuated between 225 (in 1989) and 275 (in 1998) students. In 2004
there were on average some 250 students per general upper secondary
school. However, the variation in size is quite considerable: in 2004 it
varied from 30 to 900.

There was an increasing trend in total expenditures in general upper
secondary schooling over the period of 1980-2004 (see Figure 7),
even though expenditures slightly decreased during the recession as a
consequence of the cutting of state subsidies to organizers of general
upper secondary schooling. The highest increase in spending took
place after the recession in the second half of the 1990s. Teaching
expenditures constitute the largest part of the total expenditures,
with a share of some 75%. Administration costs and rents for school
properties are the second largest element, with a share of about 20%.
Costs of school meals (students are served a warm school meal during
the school day), health care and counselling are the smallest elements
in expenditures.
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Figure 7. Total expenditures and number of students in
general upper secondary schooling in 1980-2004
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Expenditures deflated to year 2003 prices.

Expenditures per student have considerably fluctuated following the
economic cycles and the development of number of students (see
Figure 8). In the 1980s they constantly increased, reaching a peak
at the end of the decade. As a consequence of the depression and
spending cuts in 1991-1995, expenditures fell to almost the same level
as at the beginning of the 1980s. After the recession, expenditures per
student started growing again and by 2004 they were at the same level
as before the recession. The falling number of students, especially in
rural areas, was one cause of the rising expenditures per student after
1995 (Kirjavainen, 2005).
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Figure 8. Teaching expenditures and other expenditures per

student in general upper secondary schooling in
1980-2004
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4, Content of the thesis

This thesis is comprised of five essays that investigate the efficiency
of schools, factors affecting efficiency and the effect of resources
on student achievement. More specifically, this thesis addresses the
following questions:

How large are the efficiency differences between schools?

How stable are the efficiency differences across different input and
output variables?
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How stable are the efficiency differences across different model
specifications?

Do some factors that are related to resources, students and
organizational practices of schools explain the efficiency differences
statistically?

What organizational practices characterize efficient and inefficient
schools?

What is the impact of school resources and the student-teacher ratio
on student achievement?

In the study described in the first essay, the efficiency differences
between Finnish general upper secondary schools were assessed with
Data Envelopment Analysis (DEA) and the efficiency differences
were explained by the scale of operation, location of the school and
financial situation of the municipality using statistical Tobit models.
The study aimed at testing the stability of the results of DEA models
by changing the scale assumption and input and output variables, and
by dropping schools at the frontier (jackknifing). It also tested the
stability of the results in models explaining efficiency differences by
varying the dependent and independent variables.

The empirical data comprised a cross-section of Finnish general upper
secondary schools (291 schools) for students completing their studies
in 1991. The data contained information on student background,
school resources, teachers’ education and experience, the number
of students, state grants, location, and grades in the matriculation
examination. The resources were measured as a three-year average
when this was available.

The results of the study showed that the efficiency frontier was
relatively stable with regard to outlier observations. Especially in the
models assuming constant returns to scale (Charnes ef al., 1978), the
efficiency frontier and the rankings of schools measured using the
Spearman’s rank correlation coefficient remained almost unchanged.
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In models assuming variable returns to scale (Banker ef al., 1984),
there was more variation.

The change in input and output variables affected the average
efficiency and the rankings based on efficiency scores. The
classification of schools into quartiles according to their efficiency
scores, assuming constant returns to scale, revealed that schools in
the upper and lower tail remained unchanged, whereas schools in
the middle of the distribution often changed their ranking. When the
assumption of variable returns to scale was applied, the rankings
were more unstable.

As a second stage, the inefficiency scores (1 - efficiency) assuming
constant returns to scale were explained using Tobit models with
variables related to the school student body, scale of operation, state
grants and school location. Two sets of models were estimated. In the
first, parental educational level was not included in DEA model but
was used as an explanatory variable, while in the second set it was
included in DEA models and the models were estimated with the
other independent variables.

Schools with a higher level of parental education and larger class
sizes had higher efficiency in all models. School size, the proportion
of female students, heterogeneity of the student body, school
location and variables related to the grant system were statistically
insignificant in explaining inefficiency differences in models using
parental educational level as an explanatory variable in Tobit
models. The inclusion of the parents’ educational level as an input
in the DEA model somewhat changed the results. Schools with a
less heterogeneous student body were more efficient and those in
urban areas were less efficient than schools in densely populated and
rural areas. Private schools turned out to be less efficient than public
schools.

Tobit-model analyses were also carried out using the efficiency

scores of variable returns to scale as the dependent variable and
dropping out the variables controlling for the scale of operation (i.e.
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class and school size). According to results, efficiency decreased as
the heterogeneity of the student body increased. Contrary to earlier
results, public schools were less efficient than private schools.

The results of this essay show the importance of selection of input and
output variables in DEA efficiency analysis. Average efficiency and
the rankings of the schools vary depending on the input and output
variables used. The instability of the results of Tobit models related
to the inclusion of variables in DEA models as compared to using
them as explanatory factors raises questions about the reliability of
the results of DEA. Parental educational level seems to be important
for efficiency. As for other factors, their effect is less clear and is
dependent on the DEA model used. Thus, there is a clear need for
further research with alternative methods and data.

In the second essay of this thesis, I further analyze the schools at
the both ends of the efficiency distribution, concentrating on their
organizational characteristics, with survey data that were collected
for the study. The study presented in this essay aimed at identifying
factors related to organizational practices that would characterize
efficient and inefficient schools.

The efficiency measurement using DEA was based on cross
section data on Finnish general upper secondary schools (309
schools) with students completing their studies in 1991. The data
contained information on student background, school resources,
teachers’ education and experience, and grades in the matriculation
examination. Organizational factors affecting efficiency were
studied with a survey data. The survey consisted of responses of
principals of 73 schools, of which 40 were among the most efficient
and 33 among the least efficient ones in at least one of three DEA
models. The survey was conducted in the spring of 1995. It gathered
information on the students, parent-school relations, management,
decision making, staff development, student monitoring, climate
and cooperation, development of instruction, and school facilities.
Efficiency differences were examined with descriptive statistics and
statistical probit models. Tobit models were used to test the stability
of the results.
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The results of this study demonstrated that very few organizational
practices differentiated schools with high and low efficiency. Schools
with a management group or other similar body were more likely
to be efficient. In addition, a school’s probability of being efficient
increased the fewer teachers participated in training, the more there
were clubs in the school, and the less there were joint teaching
projects across the subject. For the most part, these results were not
robust to model specifications. As for factors related to students, the
admittance level and heterogeneity of the student body, which were
not taken into account in efficiency measurement, were the main
factors contributing to efficiency. The results of this study revealed
the uncertainties that are related to DEA efficiency scores based on
cross section data.

The third essay examines the efficiency differences of Finnish general
upper secondary schools with stochastic frontier models. In the study,
five-year panel data were used and advantages of the data exploited
by taking into account the school-specific random or fixed effects that
are constant through time to separate the unobserved heterogeneity
(Greene 2005a, b) from inefficiency. The objective of the study was
to test the stability of average efficiency and efficiency rankings
between the different stochastic frontier models.

The study also aimed at testing the effect of expenditures, the student
teacher ratio, study length and decentralization in test taking on
student achievement with models accounting for inefficiency. These
two latter factors have not previously been examined in the Finnish
context, and international evidence is also limited. Both the length of
studies and decentralization of test taking have increased following
the reform of general upper secondary education in the mid-1990s
which abolished fixed classes and allowed the possibility to take tests
in the matriculation examination over up to three consecutive test-
taking periods.

Five-year panel data on 436 Finnish general upper secondary schools

for the years 2000-2004 were used in the study. Besides earlier
school achievement, family background, teaching expenditures
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and the student-teacher ratio, the data included information on the
average length of studies and decentralization of test taking in the
matriculation examination.

The study demonstrated that average inefficiency clearly diminishes as
the school-specific random or fixed effects capturing the uncontrolled
heterogeneity are separated from inefficiency. The study also showed
that random effects in the conventional random effects model are very
similar to those in models separating random effects from inefficiency
(i.e. true random effect model). Only the magnitude is smaller. Hence,
inefficiency in true random effects models depicts a small effect that
is due to yearly fluctuations in output and input variables. The same
pattern emerged in fixed and true fixed effects models.

Inefficiency has been suggested as one reason for the mixed results
concerning the effect of school resources on student achievement.
In this study, despite taking inefficiency into account, the results
did not differ from those in earlier research. The effect of teaching
expenditures per student did not have a statistically significant effect
on matriculation examination scores. Models taking into account
efficiency and correcting for omitted variable bias (true random
and fixed effects models) produced a negative correlation between
student achievement and teaching expenditures per student. Models
replacing teaching expenditures per student with the student-teacher
ratio gave similar results, since the larger the student-teacher ratio is,
the higher are the grades in the matriculation examination.

A longer average length of school studies was related to lower
achievement. Equally, the more students decentralized their test taking
into different test-taking periods in the matriculation examination, the
worse they performed. These results were somewhat surprising, but it
might be the case that students studying for longer are also working or
have other activities that occupy their time and reduce the time used
for studying. The negative impact of decentralization of test taking
may be the result of students going to the test less well prepared than
is the case when there is no possibility to retake the test. These results
were obtained with school-level data and they therefore ignore the
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between-student variation. To gain further certainty and information
on this matter, student-level data should be used.

In the fourth essay, the results of efficiency analysis are further
investigated by taking a different methodological approach. The
organizational practices of nine case schools that are differentially
efficient were assessed. The focus of the study was on practitioners’
views, i.e. how principals and teachers perceived and described
students and practices in their school. The aim of the study was to
examine whether there were differences in organizational practices
and characteristics of schools and whether these differences were
related to differences in efficiency.

The study was based on interview data for principals and teachers in
nine case schools. In each school, the principal and two teachers were
interviewed in 1999. The respondents were unaware of their school’s
efficiency. The interviews covered themes concerning the students,
staff relations, school goals, school management and decision
making, curriculum, teacher training, the evaluation of students and
parent-school relations. The identification of efficiency differences
was based on the results of the third essay of this thesis.

The schools differed with respect to four themes, namely the views
on the students, staff relations, school governance and the curriculum.
With the remaining themes the schools were quite similar. Within
each theme, schools were categorized into groups and each group
was described and characterized in the study. Efficiency was also
considered, and it emerged that the categories were also related to
efficiency.

Teachers’ and principals’ views about their students have more seldom
been investigated. The results of this study showed that in efficient
schools, respondents’ views about the students were attentive or
respecting. Attentive views emphasized the importance of taking care
of all the students and especially those with low performance. Their
success was accepted with pride. The respecting view involved seeing
students as independent and grown-up decision makers responsible
for themselves. In inefficient schools, views were more often educated
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or frustrated. Educated views were somewhat indifferent towards the
students. The low performing students were seen as those whose
place is not in a general upper secondary school. There was less talk
about taking care of all students. Schools with frustrated views were
somewhat hopeless concerning the low skills of the students. There
was some caring involved, but the problems in some cases were
found so severe that the teachers also felt exhausted.

Other results of this study were very similar to many school
effectiveness studies. In efficient schools staff relations were good
and they were characterized as professional. Interaction was
uncomplicated and there was a sense of collegiality so that
teachers were sharing matters related to instruction and students.
Staff members were happy with the situation. Schools with problems
in staff relations were more often inefficient in this study. These
problems were openly admitted during the interviews and they
somewhat complicated the interaction between staff members.
Teachers also felt to some extent dissatisfied with the situation.

Management and decision making were characterized in most of the
schools as participative. The roles of the school head and teachers were
clear and accepted. The school head was assisted by a management
group or corresponding working groups. Teachers were very
autonomous with their classroom work. Decision making was carried
out jointly with the head of the school and the teachers. Teachers felt
that they were able to influence school matters and that their views
were listened to and taken into account. In one inefficient school,
management and decision making was described as hierarchical. In
that school, the principal had centralized most of the decision making
to herself. The role of the vice principal was limited and there were
no permanent working groups assisting the principal. Teachers were
independent in their classroom work but they felt unable to influence
school-level decision making.

In efficient schools, the curriculum and curriculum work were more

often seen as a way to develop the school and the school work. In
such a case the curriculum also developed so that teachers added
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new courses and removed old ones. The teachers had realized that
the school curriculum was actually a way to develop their own
work. Updating the curriculum had also opened up a possibility
for productive discussions. In some schools, this development was
still ongoing and the curriculum was seen to some extent as an
administrative tool without practical relevance. In inefficient schools,
the school curriculum was usually seen as an administrative tool. In
schools with problems in staff relations there were also problems in
curriculum work and teachers expressed their discontent with the
work.

The fifth essay tocuses on the effect of school resources on student
achievement. The study aimed at examining how a considerable
decrease in schooling expenditures due to the severe recession of
the Finnish economy during the research period affected student
achievement. Nine-year panel data were used covering the years
1990-1998 and matching students with schools. With the use of
two-way fixed effects models with school and time fixed effects, the
unobserved time constant heterogeneity could be controlled for and
the omitted variable bias reduced.

The data comprised a sample of 20 505 students in 444 schools and
included information on the students’ earlier school achievements,
gender, parental education and working while at school. School site
information consisted of teaching expenditures, school size, regional
unemployment and the location of the school.

The results showed that changes in school expenditures per student
did not affect student performance in the matriculation examination.
The effect was also tested with other outcome variables and panel data
models, but the results were not sensitive to these changes. Hence,
the results were consistent with those of many previous studies.
Earlier achievements and parental educational level were the major
determinants of student performance. Males performed slightly better
than females according to results of some of the models, and working
during the school year decreased performance.
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5.  Main findings and conclusions

The results of this thesis demonstrate that there are efficiency
differences between Finnish general upper secondary schools.
Students in some schools learn more after controlling for their
schooling and family background as well as the resources of the
school. At the beginning of the 1990s the average potential for
efficiency improvement was some 6%. The estimate for the beginning
of the 2000s was somewhat lower. There was variation across schools
and in some schools the potential for efficiency improvement was
at least15% in the latter period. This means that in some schools,
average grades in the matriculation examination could have been
15% higher given their intake of students and school resources.

The identification of efficiency differences is only the beginning.
They raise the question of why some schools are more efficient
than others. Policy makers are also interested in knowing how to
increase efficiency. As in earlier studies, factors related to student
characteristics seem to be important. Earlier school achievement and
family background are strong predictors of student achievement, and
when they are taken into account in efficiency analysis, efficiency
differences clearly diminish. Heterogeneity in the skills of students
decreases efficiency and student achievement. In one of the essays,
evidence was found that heterogeneous classes complicate the
instruction and the work of teachers. Hence, in improving the
efficiency of general upper secondary schooling, homogeneity of
skills and knowledge of admitted students would be beneficial. This
issue should already be addressed at the primary school level.

Homogeneity in the student body can also be achieved by increasing
the segregation across schools. There is some evidence of this kind
of development taking place in general upper secondary schooling in
recent decades. Segregation across schools is, however, a somewhat
more complicated issue. Evidence was found that teachers perceived
high performing students to act as role models and have a positive
effect on the performance of low achieving students. In schools with
a lower proportion of high performing students, these role models
were mostly lacking and this affected the motivation and learning of

55



students. The work of teachers also became more demanding and the
teachers sometimes felt frustrated.

Reducing the resources of schools and increasing group sizes is a
conventional way of improving efficiency. In this thesis, the results
of the effect of teaching expenditures and class size on grades in the
matriculation examination were mixed. No evidence was found that
the exceptionally large fall in teaching expenditures following the
recession at the beginning of the 1990s affected student achievement.
During the period of rising teaching expenditures in 2000-2004,
schools with lower teaching expenditures per teacher performed
better. In line with these results, the student-teacher ratio had a
positive effect on grades in the matriculation examination. The latter
results were somewhat dependent on the model specification.

Concerning the consequences of reforms in general upper
secondary schooling that took place a decade ago, it seems that the
increased freedom in studies introduced along with them should be
reconsidered, at least from an efficiency point of view. According to
the results of this thesis, performance was lower in schools in which
students studied for longer or decentralized their test taking. Hence,
instructional arrangements affect student achievement and therefore
also efficiency. Tighter control of studies could improve efficiency.

As for organizational characteristics, numerous factors were
statistically tested but very few of them distinguished efficient and
inefficient schools. There are several possible explanations for
this result. It could partly be a consequence of the method used in
efficiency analysis, and may partly reflect a more general finding
of many school effectiveness studies that organizational factors
account for only a small part of the variance in student achievement.
Behind these results could also be the fact that Finnish general upper
secondary schools were quite tightly regulated during the period of
the analysis, creating homogeneous practices.

With the case study approach it was possible to go slightly deeper
into the organizational practices of certain schools. This approach
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revealed that the studied Finnish general upper secondary schools
were, indeed, fairly similar in many respects, but that there were also
some differences. These were related to staff members’ views about
the students, staff relations, school management and curriculum
work. There was also some indication that these differences were
related to school efficiency. According to these results, efficiency
improvements are possible if schools consider all students as
important, have professional staff relations and participative
governance and management, and use the school curriculum as a
development tool.

Deepening of the case study analysis is one way to confirm the results
based on interviews with the principal and some teachers in each
case school. The approach adopted in this study was a good starting
point, but during the research process it became evident that it was
not sufficient. To draw a more complete picture of the schools, more
intense research approaches are needed. This includes a comparative
research setting and ethnographic research methods with participant
observation, longer follow-up periods and the collection of historical
data. In addition to using staff members of the school as informants,
the views of students and parents should be taken into account. With
such data we could try to understand how different people and their
interaction affect the operation of the school. We could also examine
the paths that lead a school to perform efficiently or inefficiently.

As for the reliability of the efficiency measurement, the level
of efficiency was sensitive to the method of analysis and model
specification. The rankings of schools based on efficiency scores
also varied depending on the method and model specification.
This complicates the second stage analysis. The problem is likely
to be more severe when data envelopment analysis is used. In this
method, the discriminating power decreases as the number of inputs
and outputs increases. This probably explains why the results of the
second stage analysis conducted with statistical models in the second
essay were unstable. The problem applied both to models taking the
whole efficiency distribution as an explanatory variable and those
examining schools in the upper and lower tails of the distributions.
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However, the problem was more severe when the ends of the
distribution were considered.

The findings of this thesis cast some doubts about the applicability
of results of DEA. Some earlier studies have only examined the
organizational practices of efficient schools and found some common
characteristics shared by these schools. If the same characteristics are
nevertheless also present in inefficient schools, improving efficiency
becomes a rather complicated exercise. Hence, one has to be cautious
when basing policy recommendations on such results.

In stochastic frontier analysis, the results also vary depending on the
model. The variation is partly related to the concept of inefficiency,
which differs between models. In more advanced models based on
panel data, time constant heterogeneity is separated from inefficiency
that fluctuates over time. This difference is very important to take
into account when interpreting the results. It also influences the
second stage analysis seeking to explain the efficiency differences.
Inefficiency that depicts small yearly fluctuations in inputs and
output is not perhaps easily explained with factors that remain
constant through time, such as many organizational characteristics.
Therefore, the use of a time-constant effect to measure inefficiency
is more relevant in such a context. An inefficiency term capturing
yearly fluctuation is more suitable as a short-term goal to improve
efficiency.

Time gaps in the various sources of information used in efficiency
analysis are one problem that is difficult to avoid when investigating
the causes of efficiency differences between schools. The identification
of efficiency differences is usually based on register data and there
is often a time lag before the data are available for research. Only
seldom are good quality data available that can be used in the second
stage to explain efficiency differences. Instead, additional data has
to be gathered. This retrospective research setting brings additional
uncertainty to the interpretation of the second stage results. This is a
fact that one should already be aware of when planning the research.
The gathering of extensive and multifaceted data is one way to reduce
this problem.
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To conclude, the separate studies of this thesis highlight the
importance of examining school efficiency and student achievement
with different approaches. Only in this way it is possible to deepen
our understanding of the methods and their applicability to different
situations as well as processes and operation of schools.
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1. INTRODUCTION

EVALUATION OF schools is a complicated issue and
there are various ways to approach the question of
what is a good school. Especially in countries such
as Finland, where the whole school system with rare
exceptions is public (financed by the local and the
central government) from primary school to univer-
sities, parents and pupils as well as mass media most
often pay attention to output or achievement in evalu-
ating schools. For instance, in the case of senior sec-
ondary schools, good schools are the ones in which
pupils do well in the national matriculation examin-
ations. Paying attention to output variables would
only be fair if the resources of schools were identical.
Budget officials and people responsible for the
financing of schooling tend to pay attention to the
expenditures. For them a good school has low expen-
ditures per pupil, which would make sense if the out-
puts of schools were identical.

In actual fact educational institutions, private or
public, differ most often both in terms of inputs that
they employ as well as their outputs — and the chal-
lenge is to evaluate their performance in this kind of
multi-dimensional setting. Thus there are questions
related to defining and measuring both input and out-
put variables, and to choosing a method which would
make it possible to measure the relation between

inputs and outputs in a meaningful manner. As for
output, one choice to be made is related to timing as
the benefits of education are spread over time. One
can use schooi time indicators, measures related to
the end of school or variables related to success (e.g.
earnings) in later life for which education can be
viewed as a key input. On the input side, in addition
to defining what are important school resources, one
has to consider the role of environment outside the
schools such as pupils’ family and community vari-
ables.

In addition to the choice of variables, one faces
the challenge of how to measure performance. More
specifically, if one wants to study efficiency as a
weighted sum of outputs relative to a weighted sum
of inputs, one key problem common to quite a few
public services is the lack of market prices which
could be used as weights. Thus, unless it is possible
to use some cost based or otherwise determined
weights, it would be helpful if the method employed
would not require weights determined in advance, but
rather would solve them as a part of the analysis.

The purpose of this paper is to study the efficiency
of Finnish senior secondary schools with Data Envel-
opment Analysis (DEA) which is an application of
linear programming. The basic idea of the approach
is to view schools as productive units which use mul-
tiple inputs and outputs. The method produces meas-
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ures of schools’ (relative) efficiency by deriving a
frontier production function (efficiency frontier) and
measuring the distance of observations to the frontier
to get their efficiency scores. Observations on the
frontier get an efficiency score of one (or 100 per
cent) and those below the frontier get scores below
one (below 100 per cent) depending on their location.
To apply DEA, no weight of the input or output vari-
ables are needed. This is one of the reasons why the
use of the method has spread tremendously,
especially in the evaluation of efficiency in the public
service sectors such as analyses of courts, health
centres, ferries, etc. As we will point out in our brief
summary of previous studies, education was one of
the earliest areas in which the method was applied.

In this study we have constructed cross-section
data on Finnish senior secondary schools in 1988-91
both from registers and by our own survey. As DEA
is a non-parametric method, there are no classical
statistical tests which could be used to evaluate the
models employed. This is why we present results on
efficiency distributions of alternative models and
study how robust the efficiency score rankings of
schools appear to be. If the rankings change appreci-
ably with the addition of a priori meaningful input
and output variables, the simplest indicators of
efficiency (“partial productivities”) are questionable.
In addition, we also investigate whether the efficiency
in two of the most extensive models is related to some
factors that are not included in the DEA models, such
as state grant variables, heterogeneity of student body
and private/public dichotomy.

This article is organized as follows. In Section 2
we present a selective summary of previous studies
using DEA on measuring efficiency of schools. In
Section 3 we describe the nature of DEA analysis and
how this method measures efficiency. Data, variables

n 4. Results

and model! types are described in Sec
of the study are presented in Section 5. First, we
describe in the form of graphs and figures the
efficiency distributions emerging from DEA analysis.
Thereafter, the stability of efficiency distributions
from alternative models is studied. Finally, we dis-
cuss the results of explaining the efficiency differ-
ences using Tobit-models with variables not included
in the DEA analysis. Section 6 offers some con-
clusions.

2. PREVIOUS STUDIES

Given the amount of inputs, a theoretical pro-
duction function defines the (Pareto) efficient set of
outputs, i.e. it is not possible to increase the quantity
of any output without decreasing the quantity of at
least one other output. Correspondingly, given the
outputs, it is not possible to decrease the quantity of
any input without increasing the quantity of at least
one other input. Inefficiency manifests itself as a devi-
ation from the production function. Thus, empirical
study of differences in productive efficiency involves
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two basic steps. First, one has to determine an empiri-
cal educational production function. Second, one has
to construct a distance measure such that the
efficiency of an individual observation depends on its
distance from the empirical production function.

There are two alternative ways to determine the
educational production function empirically. The
most common way is to apply statistical methods by
either estimating the frontier production function
using regression analysis or using other related
methods. Residuals of the estimated model are then
used to define measures of efficiency to each unit.
These techniques have been reviewed by Fried ef al.
(1993). In the field of education they have been

(1991) measuring  the
efficiency of the Local Education Authority (LEA) in
United Kingdom and Cooper and Cohn (1997) in
the U.S.?

The other possibility of defining the efficiency
frontier is to use non-parametric methods that are
based on linear programming. DEA is an example of
such methods. These methods have also been applied
in different forms to define the educational production
function. One of the major advantages of this
approach is that it is fairly easy to incorporate several
outputs into the analysis. In the following we shall
survey previous educational input-output studies, con-
fining ourselves to non-statistical (non-parametric)
studies which are similar to our own application.

One of the first studies applying DEA studied the
program and managerial efficiency of a federally
sponsored program called Program Follow Through
(PFT) being in charge of providing remedial assist-
ance to educationally disadvantaged early primary
school students (Charnes et al., 1981). Thereafter
there have been several studies that have applied
DEA in measuring the efficiency of schools.

Most often studies
efficiency differences of certain group of schools and
test the applicability of the method. Examples of such
studies are Bessent and Bessent (1980), Bessent et al.
(1982, 1983, 1984), Ludwin and Guthrie (1989), Fire
et al. (1989) using the U.S. school data, and Jesson
et al. (1987) and Smith and Mayston (1987) who
studied the efficiency of school districts (LEAS) in
the U.K. Other European studies are those of
Bonesrgnning and Rattsg (1992, 1994) efficiency
analysis of Norwegian high schools. The conclusion
of these studies usually is that DEA is applicable to
efficiency measurement of schools in the sense that
it detects differences between schools and the results
are fairly robust.

The results of DEA have also been compared with
efficiency scores obtained by using more conven-
tional regression analysis, in which the efficiency
scores are calculated from the residuals. Examples of
these studies are those of Mayston and Jesson (1988)
and Sengupta and Sfeir (1986). In both the writers
concluded that the efficiency rankings were different
depending on the method used and for this reason

for
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the method of analysis mattered. Sengupta and Sfeir
(1986) also noted that the results obtained by using
DEA were fairly robust.

Usually the input variables used in the DEA mod-
els are such that they are controllable by the school
or school district depending on the level of analysis.
However, one of the most significant and robust
results of input-output studies has been that students’
socioeconomic status affects achievement. This is a
factor that is not controllable by the school but still
it influences its results. There are two studies that
have taken this fact into account (Ray, 1991 and
McCarty and Yaisawarng, 1993). In these studies
DEA has been applied to calculate the efficiency
scores by using variables that are controllable by the
school. Thereafter these efficiency differences were
explained by students’ socioeconomic status using
either regression analysis (Ray, 1991) or Tobit mod-
els (McCarty and Yaisawarng, 1993). In this case, the

unit.

McCarty and Yaisawarng (1993) also tested the
differences in results of incorporating the variable
measuring the socioeconomic status into the original
DEA model. According to them, the two modelling
alternatives produced similar results in the sense that
the rankings of efficiency scores in both cases were
positively and significantiy correlated.

As we pointed out in the introduction, it is not quite
obvious what the inputs and outputs of educational
process are and at what stage (timing) they should be
measured. Because of this one should pay attention
to the robustness of the results with respect to the
choice of input and output variables. In most of the
studies, the selection of variables seems to be based
more on data availability than any other reason and
only the final results are reported.> Our analysis is
done by using quite a large data set (in most of the
earlier studies the data sets used were considerably
smaller). We have 291 senior secondary schools in
our analysis. In our study we also test the robustness
of the DEA results by using four different models. In
addition to that, we present Tobit models explaining
the efficiency differences with variables related to the
scale, state grants, private/public dichotomy, and
student body of the school and test whether these
results are related to the choice of variables in the
DEA models.

3. DATA ENVELOPMENT ANALYSIS

The purpose of this section is first to illustrate in
a simple case what is meant by efficiency and how it
is measured in DEA applications. Thereafter we
present a mathematical formulation of the DEA prob-
lem. To see how the frontier production function
(efficiency frontier) is determined non-parametrically
by the DEA method let us consider a simplified edu-
cational sector consisting of schools which use one
input to produce a single output. A cross-section pic-
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ture of the sector is depicted in Figure 1 where points
B, C, D, E and H are the locations of schools in input
(X) and output (Y) space. We shall first consider the
determination of the efficiency measure when con-
stant returns to scale are assumed to apply for the
efficiency frontier. This means that we are looking
from the data for the unit with highest productivity,
i.e. maximum output to input ratio. In Figure | the
school at point C has the highest productivity as a
line drawn from the origin to the observed points has
the greatest slope in case of observation C. In this
case line OG passing through point C determines the
efficient production technology. All the other points
are inefficient because their productivity is lower.

Having determined the efficiency frontier, the next
step is to define measures of efficiency. Assuming the
observation(s) on the efficiency frontier (in our case
C) to be fully efficient, it is given an efficiency score
of one (or 100 per cent). Observations under the
efficiency frontier are inefficient, the degree of which
depends on the extent to which their productivity is
below that of point C. The efficiency score for school
H can be determined as the ratio of the efficient use
of input X to the actual use of input X, i.e. Xn/Xy,
keeping output constant.*

Assuming that variable returns to scale hold, the
efficiency frontier is a piecewise linear curve that
passes through the points B, C, D and E. In this case
only school H is inefficient. Taking output as given,
efficient use of input X for school H is obtained at
point M at the efficiency frontier. Accordingly, the
efficiency score for school H is obtained as Xy/Xy.

Mathematically, the efficiency score for school 0,
assuming that schools minimize the use of inputs
given outputs, is determined by solving a linear opti-
mization problem (see Charnes et al., 1978). Let us
consider n schools where school j uses the amount of
x; of input / and produces the amount of y,; of output
r. We assume that x;; = 0, y,; = 0 and that each school
uses at least one input to produce at least one output.
By denoting the input weights by v; (i = 1,...,m) and

A .
>
5 /
-]
-3
(]
Y
C
B
0 =

Input X

Figure 1. Determination of efficiency frontier when con-
stant and variable returns to scale hold.
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output weights by u, (r = 1,...,5) the optimization
problem can be formulated as follows, assuming con-
stant returns to scale:

max wg= E TR (N

oV

r=1

m

s.t. Z VX =1

i=1

)]

m

E#r)’r; . zyix,.j <0 j=1l..m
r=1

i=1

3)

w.vize r=1.si=1..m (4)
where € is a small positive constant.

The maximizing problem is called the multiplier
problem and it determines the efficiency score of
school 0 by maximizing the sum of its weighted out-
puts (Equation (1)) so that the sum of its weighted
inpuis equais one (Equation (2)) and so that
weighted outputs of all schools minus the weighted
inputs of all schools is less than or equals zero
(Equation (3)). This setting implies that the schools
are either at the efficiency frontier or below it and the
efficiency scores vary between 0 and 1 (or in terms
of percentages the scores range from 0 to 100).

If we assume variable returns to scale, according
to Banker ez al. (1984) the target function of the mul-
tiplier problem (Equation (1)) as well as to the second

ragtriction (Eauation (3)) ic modified by addine a con-

restriction (Equation (3)) is modified by adding a con
stant term, @, which determines values for the sup-
porting hyperplanes passing through the dominating
set of school 0. The values of w specify whether the
school O operates in the area of decreasing (w > 0),
constant (w = 0) or increasing returns to scale (w <
0)

N
e

By denoting the input weights of school 0 by 6 and
the input and output weights of other schools by A;
(j = 1,...,n) we can write the dual of the maximizing'
problem when constant returns to scale prevail as fol-
lows:

zn:O—eEs,* —eie;

r=1

Q)

min
OA.s+ .6

i=1

s.t, ZA,y,, —57 =y r=1..5 (6)

j=1

0x;— EA,x,j ~er=0 i=1l..m

j=1

M

A e =0 ®)

Above, s, and e; are so called slack variables
measuring the excess of inputs and outputs. The small
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positive constant € guarantees that inputs and outputs
are positive and that the slack variables do not influ-
ence the target function z,. The minimizing problem
is called the envelopment problem and it determines
the efficient use of inputs for school 0 (Equation (5))
so that the outputs of school 0 equal to the sum of
weighted outputs of other schools (Equation (6)). In
addition, the weighted inputs of school 0 must equal
the weighted inputs of other schools (Equation (7)).

in BEauation (7)

Tha ontimal valhe of naramatar 4
i Cquaudh (/)

The optimal value of parameter 4
determines the amount school 0 should reduce its use
of inputs-in order to be at the efficiency frontier and
positive values of A; determine those schools that
dominate school 0 i.e. form its comparative set.

If we assume that there exists variable returns to
scale in the production, another restriction is added to
the envelopment problem. It is of the following form

A=1 ©)

j=1
and it ancnrag that tha affinian~y frontiar 30 a acon
and it ensures that the efficiency frontier is a con-

vex hyperplane.
4. DATA, MODELS AND VARIABLES

4.1. Data

Our study investigates the efficiency differences of
Finnish senior secondary schools which provide gen-
eral education after the nine-year comprehensive
school. Nearly 60 per cent of the comprehensive

ganior cacondary

ont for
seNior  selonaary

Opt 101

anhanl lanuing n

schoo! leaving pupils
schools. There are about 450 senior secondary
schools in Finland and they provide education for
about 100,000 students. They are mainly maintained
by municipalities and financed by local taxes and
state grants to municipalities.

Senior secondary school education is usually com-
pleted in three years. The school terminates in a
national school-leaving examination, the matricu-
lation examination. Passing of the examination gives
general eligibility for university studies and
vocational education intended for matriculated stu-
dents. The examination comprises of four compulsory
subjects:  the  student’s  mother  tongue
(Finnish/Swedish/Sami), the second national langu-
age of the country (Finnish/Swedish), a foreign langu-
age (English, French, German or Russian) and either
mathematics or science and humanities. Besides the
compulsory subjects the candidate may also take
additional subjects. Teachers undertake initial grading
of the examinations, the final grading is done by a
national matriculation examination board.

Our data consist of 291 senior secondary schools
from all over Finland. The sample does not include
all the senior secondary schools because we were not
able to obtain all the necessary information from all
schools. The data are cross-sectional and aggregated
to the school level. Our key output variables are
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related to the results of matriculation examinations in
the spring of 1991. Because senior secondary school
lasts for three years, those students who matriculated
in the spring of 1991 started their studies in the fall
of 1988. Therefore, our data cover the years 1988-
91. Whenever possible, we have measured the input
variables as averages over the whole period. One of
our output variables, the number of students who
passed their grade, is also an average over three years.
The variables used for explaining the efficiency dif-
ferences are also averages over the years 1989-91 in
case of variables measuring the scale of operation.
The variables measuring the share of state grants are,
however, for 1992. This should not be a problem
since the state grant system has not changed during
the years 1988-92. The information for 1991 is used
for other variables e.g. those depicting the environ-
ment and student body composition of the schools.

4.2. DEA Models and Variables

In studies of educational production functions there
are usually two alternative ways of describing the
influences of schooling on student achievement (see
e.g. Hanushek, 1979). Either one takes into account
the cumulative influence of family background, peers,
school inputs and innate abilities on student achieve-
ment at a certain time point or one measures these
factors during the whole period student is attending
school. We use the latter alternative in our efficiency
analysis, This so called value added model of the edu-
cational production function at the level of an individ-
ual student can be written as

A= fBCO PO SO L AD)(10)
where A} is a vector of variables measuring student
i’s achievement at time ¢, B =/ is the vector of fam-
ily background influences over the period £* to ¢,
Po=1 is the vector of influences of peers over the
period * to 1, S¥~ ) is the vector of school inputs
for the ith student over the period £* to 1, [; is the
vector of innate abilities of the ith student, and A’ is
the vector of the outcomes of the ith student in earlier
period. This formulation evaluates the educational
achievements of the student by paying attention not
only to inputs controllable by the schools but also
taking into account the influences of a student’s
innate abilities, former outcomes, family background
and peers.

The value added model is convenient in the sense
that it reduces the data requirements. In the appii-
cations of the value added model the data may consist
of information on individuals or it may be aggregated,
for example, to the school level. In our case the units
of observation are schools and the performance indi-
cators measure the achievement of pupils in each
school.

DEA is not a statistical method with which the
theoretically based hypotheses can be tested with
classical tests. Therefore, our strategy was the follow-

381

ing. We tried to construct variables which would be
operational counterparts to at least some of the
elements in Equation (10) in a form typically used
also in the educational production function literature.
Because of the lack of a clear criterion for selecting
the number of variables to be included in the analysis,
we ran four different models. The guiding principle
in the construction of models was to proceed from a
simple one to more complicated ones. The simplest
version included only a few quantitative input and
output variables, whereas in a more complicated
model quantified measures of qualitative factors were
incorporated. This strategy enabled us to test the stab-
ility of the results. The input and output variables
included in our four models are shown in Table 1.
The summary statistics of the variables are reported
in Appendix A (Table 9).

Our model 1 consisted of the simplest quantitative
input and output variables. According to this model,
schools were depicted as producers of students who
pass their grade or matriculation examination with
teaching and non-teaching hours of the school staff
as the input variables. We included as output vari-
ables both the number of students who passed their
grades after first and second year (average of 1989~
91) and the number of graduates in matriculation
examination because the input variables measured the
whole teaching load in each school. The input vari-
ables were measured by the number of teaching and
non-teaching hours per week (average of 1989-1991).

Pupils admitted to senior secondary schools are
chosen by a “cream skimming” procedure, i.c. by
choosing the best applicants on the basis of their com-
prehensive school reports (subjects graded using a
scale of four to ten). For this reason the student body
and their earlier educational achievements differ from
school to school. In model 2 we included as an input
a variable controlling the quality of students in the
school.® For each school it is measured by grade of
last admitted student. This variable is from the fall of
1988 and it is multiplied by the number of students
that entered the school at that time. Only information
of this cut-off point could be obtained by our survey,
although the average grade of admitted pupils would
have been a better measure.

Model 3 consisted of two additional input and out-
put variables. Even though teacher characteristics are
rarely found to have an impact on student achieve-
ment in statistical analyses, we wanted to study the
influence of adding both teacher education and
experience on efficiency distributions and efficiency
rankings. The education of teachers was measured by
the number of teachers having at least a master’s
degree. The experience of teachers was measured by
giving one point for each five professional year per-
iods and then adding these points in each school.
These variables were also averages over the years of
1989-91.

The two additional output variables measured the
achievement of students by their scores in the
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Table 1. Variables used in the DEA efficiency measurement

Model I Model 2 Model 3 Model 4

Teaching hours per week
Non-teaching hours per week
Experience of teachers

Education of teachers

Admission level

Educational level of students’ parents

Number of students who passed their grade (were moved up)
Number of graduates

Score in compulsory subjects in matriculation examination
Score in additional subjects in matriculation examination

Inputs

>4 > > >
R

Outputs

> x> >
> > e

matriculation examination (spring of 1991) divided
into achievement in compulsory subjects and in
additional subjects.” The matriculation examination
score in each subject has a range from one
(improbatur = fail) to six (laudatur). Our school level
variables are sums of pupils’ scores. By using these
two variables instead of a single composite score we
allowed schools to have a different emphasis on their
provision of courses.

Even though there exist mixed results in the litera-
ture concerning the role of various inputs on edu-
cationai achievemeni, socioeconomic background is
quite consistently found to affect the success of stu-
dents (see e.g. Hanushek, 1986). In model 4 we stud-
ied the role of students’ socioeconomic status by the
educational level of their parents even though this
variable is not a pure input factor because it is not
controlled by the school. The variable is constructed
by first calculating the average educational level of
both biological parents of those students who matricu-
lated in the spring of 1991 and then multiplying it by
the number of matriculated students. Parents’ edu-
cational level is measured by giving points for
degrees.®

Finally, we shall comment on the role of scale vari-
ables in our models. Most of our variables both on
the input and the output side are related to the size
of the schools. Class size, which is a ratio type vari-
able, is not included directly in the variable list. Class
size, however, affects the resuits somewhat indirectiy
as the number of graduates and the number of teach-
ing hours are included and their ratio depends on
class size.

5. RESULTS

In this section we shall present the empirical results
of this study. In presenting DEA results, we measure
and interpret efficiency scores assuming output given
so that the deviation of scores from one (or 100 per
cent) indicates savings possibilities in the use of
inputs. As pointed out in Section 2, under the assump-
tion of constant returns to scale (CRS) the efficiency
scores are the same as if we had chosen to keep inputs

constant and measured efficiency in the output
increasing direction. However, under the assumption
of variable returns to scale (VRS) this choice matters.

In addition to having four models with different
inputs and outputs, we shall present results assuming
CRS and VRS. In this connection, it is worth noting
that the efficiency scores for each observation under
VRS are typically greater than (and at a minimum
equal to) those under CRS (see Figure 1). Also, as
the number of variables in a DEA model increases,
the efficiency scores either increase or remain the
same and tend to increase average efficiency scores.
Thus average efficiency scores of different models
cannot be compared with each other as such.

In Section 5.1 we describe the results of different
DEA models. In Section 5.2 we pay attention to the
stability of the rankings of schools according to
efficiency scores. Stability of rankings is important
especially for policy purposes when there is limited
information on educational processes. Then, we
would know that efficient (and inefficient) schools
remain similarly assessed irrespective of how detailed
is the information we have on them.

In Section 5.3 we first illustrate how efficiency is
related (or unrelated) to a number of variables of
interest, such as class size and school size from the
input side, and matriculation examination results from
the output side. This is to illustrate that efficiency as
a ratio of weighted outputs and weighted inputs is
a different concept than any typical input or output
indicator. Towards the end of this section we also
present Tobit models in which efficiency differences
derived from the most extensive models are explained
by variables related to the schools’ scale of operation,
student body composition, private/public dichotomy
and state grants.

5.1. Efficiency Distributions

Table 2 offers basic information on the distribution
of efficiency scores obtained from our four models
assuming CRS and VRS. Although the efficiency
scores of different models are not readily comparable,
it seems that the efficiency differences among the
Finnish senior secondary schools were quite consider-
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Table 2. The average efficiency, minimum and maximum efficiency scores, and percentage share of efficient schools in
each of the models

Model 1 Model 2 Model 3 Model 4
CRS VRS CRS VRS CRS VRS CRS VRS
Mean 66.3 722 7.5 80.0 81.9 84.1 91.3 93.7
Minimum 17.0 40.6 38.1 49.0 43.8 58.4 59.7 59.8
Maximum 100 100 100 100 100 100 100 100
Percentage share of 1.4 58 3l 1.6 10.0 16.5 210 333

efficient schools

able regardless of the model used. In model 1, where
only quantitative factors were included, the efficiency
scores ranged from 17 per cent to 100 per cent when
CRS was assumed. Even though the differences
diminished in models with more inputs and outputs,
in model 3 (admission level, teachers’ experience, and
education as inputs and two matriculation examin-
ation scores as outputs added) the efficiency scores
still ranged from 44 per cent to 100 per cent. In model
4, which consisted of variables of model 3 and edu-
cational level of pupils’ parents, the efficiency varied
from 60 to 100 per cent.

The average efficiency in model | was 66 per cent
assuming CRS, indicating an average savings poten-
tial of 34 (= 100-66) per cent in the use of resources.
With the addition of a variable measuring student
quality (admission level in model 2), average
efficiency increased to 77 per cent. The average
efficiency was 82 per cent in model 3, leaving only
a savings potential of 18 per cent. Thus the difference
between results of models 2 and 3 in terms of vari-
ation and averages are relatively small.

What is quite remarkable is the increase of average
efficiency when parents’ educational level is included
as an input to the educational process. The average
efficiency increases from 82 per cent in model 3 to
91 per cent in model 4. Finally, we note that the share
of fully efficient schools (score 100 per cent), i.e.
schools determining the efficiency frontier, increased
from only 1.4 per cent in model | to 10 per cent in
model 3 and to 21 per cent in model 4.

When VRS was assumed, as expected, the vari-
ation of efficiency scores was smaller. The minimum
values and the average efficiencies were higher in all
models. The differences between CRS and VRS
results are considerable in model 1 but they become
rather small in the case of model 3. Especially in
modei 4, there is a very smali difference between
CRS and VRS results — which is not surprising given
that the efficiency scores are so high under CRS.
Referring to Figure 1, if all observations are close to
the CRS efficiency frontier OG, the VRS efficiency
frontier must also be close to OG implying that there
are not large scale inefficiencies involved in case of
model 4.

The results of different models can also be com-
pared by depicting the efficiency distributions as

shown in Figure 2. There, the schools are ranked
according to their efficiency score from lowest
(number 1) to highest (291) in each model. The rank-
ing numbers of schools are on the vertical axis and
the efficiency scores on the horizontal axis. The
efficiency distributions in Figure 2 are based on the

The efficiency scores of model 1 are clearly below
the other three models. The addition of the variable
(admission level in model 2) measuring the quality of
students shifted the efficiency distribution remarkably
upwards whereas the efficiency distributions of model
2 and 3 are close to each other. Thus, the addition of
four different variables measuring quality did not
have a large influence on the efficiency score distri-
bution. The addition of variable measuring the edu-
cational level of students’ parents (model 4) again
shifted the distribution clearly upwards. The same
general pattern of changes in efficiency distributions
emerged when VRS was assumed (Figure 3) with the
difference that the level of efficiency scores was
higher and the number of efficient schools (score 100
per cent) was greater than under CRS in each model.

5.2. The Stability of Results

There are different factors which may affect the
stability of the DEA results. First, the frontier may
be partly based on outlier units that are very different
from other units, either genuinely or because of mis-
ting these outliers can change the mean efficiency and
rankings based on efficiency scores. Second, besides
affecting mean efficiency and the whole efficiency
score distribution, the use of different combinations
of inputs and outputs may also change the ranking of
individual schools.

5.2.1. Jackknifing with outiier observations. To
study whether there were extreme outliers which
affected the frontier and efficiency scores in each of
the models, we ran DEA analyses that dropped out
each efficient school one at a time from the analysis.
This is a procedure called jackknifing® and it tests
the robustness of the DEA results in regard to outlier
schools. For example, in the case of model 1
assuming CRS, we ran four additional DEA analyses.
We then tested the similarity of efficiency rankings
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Figure 2. The efficiency distributions of models 1-4 when CRS is assumed.

between the model with all the schools included and
those based on dropping out each efficient unit one
at a time by the Spearman rank correlation coefficient.
We also calculated the mean efficiency from the iter-
ations and the standard deviation of the mean

efficiencies of each iteration. The results of these
4 in Tahla 2

analucac as o cummarizad in
anaryses ar® SUmmanzeéad i 1acic J.

The high rank correlation coefficients show that the
rankings'” are relatively stable in regard to outlier
schools determining the efficiency frontier. In case of
CRS, the variation of rank correlation coefficient was
lowest in model 1, ranging from 0.98 to 1.00. In other
models the rank correlation varied somewhat more
but still ranged at most from 0.96 to 1.00 in models
2 and 4. In the case of VRS, more variation occurred.
The largest differences were in model 2, where the
rank correlation coefficient ranged from 0.88 to 1.00.
The smallest differences were also in this case in
model 1, ranging from 0.96 to 1.00. Thus, relative
to CRS, the VRS frontier and efficiency scores were
somewhat more sensitive to outliers.

DEA efficiency scores seem to be the more stable
in regard to outlier schools the greater is the number
of inputs and outputs in the model. This is especially
when CRS is assumed. In model 1 under CRS the
iterated mean efficiencies differed significantly (F-
test; 5% level) from the mean efficiency based on
DEA with all the schools included. The difference
decreased as the number of inputs and outputs

increased and it was statistically insignificant in the
remainder of the CRS models. In case of VRS, the
difference between the mean of iterations and the
mean efficiency with all the schools in the analysis
was statistically insignificant in all the models. Also
the standard deviation of the means of iterated runs

dacranc, A o th, nmhar ~f 1 11
decreased as the number of inputs and outputs

increased.

5.2.2. Stability of rankings between the mod-
els. Besides the changes in the efficiency score dis-
tributions the schools may also change their ranking
based on efficiency score from one model to another.
We studied these changes by looking at the Spearman
rank correlation coefficients between all the four
models.

In Table 4 are the Spearman rank correlation coef-
ficients between the different models. When CRS was
assumed, the correlation coefficient was 0.84 between
efficiency rankings of models 1 and 2. There were, in
other words, rather small differences in the efficiency
rankings between these two models since a corre-
lation coefficient of 1 means that the rankings are
exactly the same. The rankings between model 2 and
3 were again similar as the correlation coefficient was
0.86 whereas the rankings between model 3 and
model 4 changed appreciably as the coefficient was
0.66. The largest differences in the efficiency rank-
ings were unsurprisingly between models | and 4 as
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Figure 3. The efficiency distributions of models 1-4 when VRS is assumed.
Table 3. The stability of DEA results in regard to outlier schools
Number of The range in Spearman rank Mean Iterated mean  Standard
efficient correlation coefficient efficiency efficiency  deviation of
cohanle Minimuom Mavimim means
Model 1 CRS 4 0.98 0.99 66.3* 67.9* 32
VRS 17 0.96 1.00 722 725 0.9
Model 2 CRS 9 0.96 1.00 71.5 80.0 09
VRS 22 0.88 1.00 80.0 803 0.8
Model 3 CRS 29 0.97 1.00 81.9 82.0 0.6
VRS 48 0.92 1.00 84.1 84.2 0.5
Model 4 CRS 61 0.96 1.00 91.3 913 0.2
VRS 91 0.94 1.00 937 93.7 0.1

Note: *The means are not equal (F-test, 5% significance level).

Table 4. Spearman rank correlation coefficients between models 14

Model | Model 2 Model 3
Model 2 0.84 (CRS)
0.83 (VRS)
Model 3 0.73 (CRS) 0.86 (CRS)
0.71 (VRS) 0.87 (VRS)
Model 4 0.44 (CRS) 0.54 (CRS) 0.66 (CRS)
0.45 (VRS) 0.60 (VRS) 0.69 (VRS)
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Table 5. Frequencies (and range of efficiency scores) of schools in quartiles according to their efficiency scores in model
1 and model 3 assuming CRS

Model 3
I Quartile (38.1~ I Quartile 11T Quartile IV Quartile Total
71.0) (71.1-77.4) (77.5-83.5) (83.5-100)
Model 1
I Quartile (17.0-59.6) S1(17.5) 11 (3.8) 5(1.7) 6 (2.1) 73 (25.1)
11 Quartile (59.6-65.1) 18 (6.2) 33(11.3) 16 (5.5) 6 (2.1) 73 (25.1)
IIT Quartile (65.1-73.6) 4(14) 28 (9.6) 30 (10.3) 11 (3.8) 73 (25.1)
1V Quartile (73.6-100) 0 (0.0 1 (0.3) 22 (1.6) 49 (16.8) 72 (24.7)
Total 73 (25.1) 73 (25.1) 73 (25.1) 72 (24.7) 291 (100.0)

the respective correlation coefficient was only 0.44.
When VRS was assumed, the results were very simi-
lar in both pattern and size to those based on CRS
assumption.

To obtain a more intuitively appealing picture of
what happens to the rankings we also grouped schools
into quartiles according to efficiency scores from each
model. This makes it possible to study whether the
schools remain in the same quartile or change their
position from one model to another. In Table 5 (CRS)
and Table 6 (VRS) we have cross-tabulated the num-
ber of schools in each quartile on the basis of
efficiency scores from models 1 and 3. If the rankings
remained the same, the off-diagonal elements of the
table would have no observations. This, however, is
not quite true.

According to Table 5 (CRS), out of 291 schools
some 56 per cent (163 schools) stayed in the same
quartile (diagonal clements) and the remaining 128
schools (off-diagonal elements) changed quartile
when results of model 3 were used instead of model
1. The ranking remains more stable in the tails in the
sense that some 70 per cent of those schools that were
either in the lowest or in the highest quartile in model
1 remained there also in model 3. Less than a half
(43 per cent) of those schools that were either in the
second or third quartile in the model 1 were in the
same quartile in model 3. The remainder of the
schools changed their quartile and there were also
schools which moved from one end of the distribution
to the other end. This is the case especially for six
schools which, according to model 1, were in the first

quartile but moved to the fourth quartile in model 3.
This kind of result indicates that, at least for some
schools, what is included as inputs and outputs may
make a big difference in evaluating their efficiency.
Note, however, that the risk of mis-evaluation seems
to be asymmetric as no school in the fourth guartile
according to model 1 moved to the first, and only one
school to the second quartile when model 3, with
more variables, was used.

Assumption of VRS seemed to lead to somewhat
more instability than that found with the CRS results.
According to Table 6 (VRS), out of 291 schools some
52 per cent (151 schools) stayed in the same quartile
(diagonal elements) and the remaining 140 schools
(off-diagonal elements) changed quartile when results
of model 3 were used instead of model 1. In general,
the pattern of changes in rankings is very similar to
those obtained assuming CRS.

Similar comparisons can be made between aiy two
pairs of models. Instead of presenting and com-
menting on them all, we feel that Table 5 and Table
6 comparing model 1 with a limited list of outputs
and inputs, and a more extensive model 3 are suf-
ficient to illustrate how the ranking of schools
depends on variables available.

5.3. On the Connections of Efficiency Scores to
Some Variables

Above we presented results on the efficiency score
distributions of the alternative models and studied
their stability. Here, we consider how efficiency is
related (or unrelated) to some variables of interest. In

Table 6. Frequencies (and range of efficiency scores) of schools in quartiles according to their efficiency scores in model
1 and model 3 assuming VRS

Model 3
I Quartile (58.4-  II Quartile I Quartile IV Quartile Total
75.8) (75.8-82.6) (82.6-93.5) (94.0-100)
Model 1
I Quartile (40.6-64.1) 45 (15.5) 16 (5.5) 4(1.4) 8(2.8) 73 (25.1)
1T Quartile (64.2-69.8) 25 (8.6) 27 (9.3) 12 (4.1 9@3.1) 73 (25.1)
III Quartile (69.9-80.3) 3 (1.0) 30 (10.3) 3201y 8 (2.8) 73 (25.1)
IV Quartile (80.6-100) 0 (0.0 0 (0.0) 25 (8.6) 47 (16.2) 72 (24.7)
Total 73 (25.1) 73 (25.1) 73 (25.1) 72 (24.7) 291 (100.0)
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Section 5.3.1, to illustrate that efficiency as a ratio of
weighted outputs and weighted inputs is a different
concept than e.g. any typical output indicator, we
present scatter diagrams in which efficiency scores
and matriculation examination scores are plotted.
Thereafter, we present scatter diagrams in which
school size and class size is plotted with efficiency
scores. In Section 5.3.2 we present Tobit models in
which efficiency differences derived from the most
extensive models are explained by variables not
included in the DEA models.

5.3.1. Scatter diagrams. In the Introduction we
noted that schools can be evaluated from various
points of view in paying attention to outputs
(students’ achievements, etc.) or inputs (expenditures,
etc.) only. Here, we have been interested in efficiency
which has to do with the relation between outputs
and inputs. Obviously, if the viewpoint differs, the
evaluation and rankings may also change drastically.
To see that this is the case, we have plotted (Figure
4) the efficiency scores of model 3 (assuming CRS)
and one output indicator, namely average matricu-
lation examination score, which is most often
regarded as an indicator of the quality of senior sec-
ondary schools.

We see from Figure 4 that efficiency scores and
the average grades in matriculation examination are
almost unrelated (Pearson correlation coefficient

100

387

0.20). A school with poor matriculation examination
results can be efficient because it may also have a
small amount of inputs. On the other hand, high-per-
forming schools (using matriculation examination
scores) can be inefficient since their use of inputs is
large.

In public debates concerning schools it is often
claimed that school size and class size are related to
efficiency. Here, we shall consider this question with
scatter diagrams recognizing that these (or related)
school variables are implicitly incorporated already in
the DEA models. In Figure 5 we have plotted
efficiency scores and school size measured by the
number of pupils. The correlation (Pearson) is 0.33.
The least one can say about the figure is that inef-
ficiency seems to be more related to small schools
than big schools, although efficiency varies in nearly
all sizes of school. There are small schools with less
than 100 pupils which are fully efficient (score 100)
and large schools with over 400 students that are
quite inefficient.

The relation between class size and efficiency score
is shown in Figure 6. The average class size in the
picture is a proxy and it is calculated by first dividing
the number of teaching hours per week in the school
by 20 (our estimate of the average teaching hours of
each teacher per week) and then dividing the number
of pupils by the number obtained. The correlation
between the class size and efficiency scores is 0.55
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Figure 4. Scatter diagram for efficiency scores (model 3, CRS) and matriculation examination scores.
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Figure 5. Scatter diagram for efficiency scores (model 3, CRS) and school size (measured by number of pupils).

suggesting that schools with larger classes are more
efficient. Despite this general relation, one must note
again that there are some fully efficient schools with
small classes.

532 A
results of a statistical exercise in which efficiency dif-
ferences are explained by some variables not directly
included in the DEA analysis. As our basic rule, fac-
tors that can more easily be influenced by the school
are included in the original DEA models and those
outside the decision making power of schools, i.e. the
influence of environment, are taken as factors
explaining efficiency differences (see e.g. Ray, 1991
and McCarty and Yaisawarng, 1993).

Inefficiency may also be caused by an unoptimal
scale of operation. This can be taken into account
either by considering efficiency differences obtained
under the assumption of CRS and by expiaining them
by such variables as measuring the scale of operation
(e.g. class size and school size), or by considering
efficiency differences obtained under the assumption
of VRS (the difference between efficiency scores
from CRS and VRS models is an indication of scale
inefficiency). We ran our models in both ways. In
the following we shall concentrate on discussing the
results of the first alternative and only shortly com-
ment on the results of the second.

Mahit andal
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Hawva mracant
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As efficiency scores are limited to range to the
[0,1] interval, and there are always one or more obser-
vations at the upper limit, we wish to take this fact
into account. In a standard Tobit model the dependent
variable is either zero or some positive number (e.g.
Maddala, 1983) so that only
excluded. By choosing the dependent variable Y; for
school i to be the inefficiency score (l1-efficiency
score), the model can be written as

nagati

ve wyaling
MCgauve vaucs

arc

V=X + s
Y=Y, if ¥; >0,

Y; =0, otherwise.

(1n

In Equation (11) X; is a vector of explanatory vari-
ables and S is a vector of parameters to be estimated.
Y; is a latent variable which can be viewed as a thres-
hoid beyond which the explanatory variabies must
affect in order for ¥; to “jump” from 0 to some posi-
tive value. In our case, the inefficiency score is mean-
ingful to view as a continuous variable limited to a
minimum value of 0. Thus, the threshold has no spe-
cial interpretation in our case, but the model specifi-
cation makes it possible to estimate the model by the
maximum likelihood method assuming normally dis-
tributed errors .

This approach with the Tobit model as a second
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Figure 6. Scatter diagram for efficiency scores (model 3, CRS) and class size.

step after deriving efficiency scores by DEA has been
used, e.g. by McCarty and Yaisawarng (1993) in a
school context as pointed out earlier, and also by
Luoma et al. (1996), in studying the efficiency of
health centres in Finland. In our case we simply want
to test whether some variables related to the schools
or their environment have explanatory power for the
efficiency differences. We shall not use results here
to calculate efficiency scores corrected by variables
related to school environment as did McCarty and
Yaisawarng.

The inefficiency scores which are the dependent
variables in the subsequent Tobit models will be
based on the results of models 3 and 4 assuming CRS
and VRS. Recall that in model 3 we did not have

(Parents’ education) as an i

education
that it is of interest to test whether the inefficiency
scores of model 3 can be explained by this factor
using a Tobit model (in Tobit models the factor is the
average educational level of students’ parents multi-
plied by 100).

As mentioned above we use school size (School
size) and class size (Class size) in our Tobit models
o explain inefficiency siemming from unoptimai
scale of operation in CRS models. If there is a school
size or a class size (measured by number of pupils)
that is efficient, inefficient schools have either smaller
or larger respective sizes than these optimal sizes. To

narents’ nout SO
parents nput s

test this, in addition to first order terms, we aiso
included second order terms (School size sq. and
Class size sq.) of these variables.

We also have information on sector specific state
grants to municipalities. The grant system in 1989-
92 was based on a “per cent of administratively
determined acceptable educational expenditures” type
formula where the per cent (Grant ratiol) varied
according to economic, demographic and regional
characteristics of municipalities ranging from 50 to
86 per cent. Together with this variable we use the
ratio of actual to acceptable expenditures (Act./acc.
expenditure). Instead of these two variables we also
use the ratio of grants to actual expenditures in 1992
(Grant ratio2) to explain inefficiency. The range of
this ratio was from 40.8 to 100.6 per cent in 1992, If
the grant ratios are high, one would expect that the
incentive for efficient use of resources is low leading
to inefficiency.

There are 16 private schools (having grants as pub-
lic schools) in our data and we have a dummy vari-
able (Private) to test its relation to (in)efficiency. As
other explanatory variables we shall also use the share
of femaie students in the schooi {(Femaie). To study
the role of heterogeneity of students, we have calcu-
lated for each school the standard deviation of stu-
dents’ mean grades (grades range 4-10) given by
their own teachers at the end of senior secondary
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Table 7. Parameter estimates (normalized coefficients) of Tobit models explaining school inefficiency (model 3, CRS)

Tobit 3A Tobit 3B Tobit 3C

Coefficient t-ratio Coefficient t-ratio Coefficient t-ratio
Constant 234 1.59 2.49 1.53 0.92 047
School size 0.0006 023 0.0016 0.68 0.0016 0.70
School size sq. -0.000003 -0.71 -0.000004 -1.00 —0.000004 —0.97
Class size 0.26 2.04 0.25 1.95 0.25 1.96
Class size sq. -0.012 -3.58 -0.012 -3.48 -0.011 344
Private 0.63 2.03 0.66 2.15 0.72 2.30
Female 0.0008 0.12 0.0005 0.07 -0.00004 -0.01
Heterogeneity 0.66 1.24 0.66 1.25 0.70 132
Parents’ education —0.0056 -3.19 —0.0051 -2.81 —0.0047 -2.55
Urban 0.26 1.33
Dense 0.11 0.58
Grant ratiol 0.0023 0.27
Act./acc. expenditures 0.99 1.05
Grant ratio2 —0.0027 -0.37
Proportion of efficient 29/291 29/291 29/291
schools
R? 0.361 0.358 0.362
Log-likelihood 211.82 21098 21151

school (Heterogeneity). We also have two dummy
variables which are related to the type of municipality
(Urban; intermediate densely populated area = Dense;
and sparsely populated country-side as the reference
case). As the generosity of the grant system is related
to the type of municipality, the use of these dummy
variables is an alternative to our grant ratio variables.
The summary statistics of the above variables are in
the Appendix B (Table 10).

The results of three Tobit models explaining the
inefficiency scores of CRS model 3 are given in Table
7. The effects of individual explanatory variables,
school size, share of female students, heterogeneity
of students in the school, type of municipality (urban,
are clearly insignificant in explaining inefficiency.
Class size is related to inefficiency nonlinearly as
both the first and second order terms become signifi-
cant implying (according to Tobit model 3A) a
relation depicted in Figure 7 for the range of class
size in our data. According to these results inef-
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Figure 7. The relation between inefficiency and class size
according to Tobit model 3A.

ficiency first increases as class size increases. After a
class size of on average 11 students is reached, inef-
ficiency starts to decrease as class size further
increases and when class size is on average 27 stu-
dents inefficiency is minimized.

Somewhat surprisingly, and other things equal,
private schools are less efficient than public schools.
And parents’ educational level has a clear positive
effect on efficiency.

Next, we shall take the inefficiency scores from
model 4 (assuming CRS), i.e. a model where parents’
educational level is treated as an input, and explain
the differences using Tobit models. The results are
presented in Table 8. Note that the number of schools
that arc fully efficient (inefficiency score 0) is greater
and the average inefficiency is lower here compared
with the findings of model 3 (assuming CRS). Thus
it is not surprising that the R? values are lower here
than in the models in Table 7.

When parents’ educational level has been already
included in the DEA model and is not an explanatory
variable in the Tobit models, there are some changes
in the effects of variables. School size remains insig-
nificant and class size significant as before. Type of
municipality becomes significant such that schools in
urban areas are inefficient relative to those in rural
and other less populated areas. Also student compo-
sition begins to matter. Although the share of female
students does not quite achieve a significant coef-
ficient, heterogeneity in grades is positively related to
inefficiency. When state grant variables are used
instead of municipality type variables the grant ratios,
surprisingly, get negative coefficients which are close
to being significant.

As a final alternative we ran the Tobit models using
the inefficiency scores obtained from VRS models as
dependent variable." In type 3A and 3B Tobit mod-
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Table 8. Parameter estimates (normalized coefficients) of Tobit models explaining school inefficiency (model 4, CRS)

Tobit 4A Tobit 4B Tobit 4C

Coefficient r-ratio Coefficient t-ratio Coefficient t-ratio
Constant —4.91 -2.94 -351 -2.08 -3.40 -1.68
School size 0.00009 0.04 0.0023 0.96 0.0023 0.97
School size sq. -0.000002 -0.57 -0.000004 -1.07 ~0.000005 -1.12
Class size 0.66 4.10 0.61 3.87 0.61 3.84
Class size sq. -0.021 -5.09 -0.020 -4.86 ~0.020 -4.85
Private 0.55 1.85 0.65 2.14 0.62 1.99
Female -0.0097 ~1.44 -0.011 -1.58 ~0.011 -1.53
Heterogeneity 1.77 327 1.73 3.18 1.72 3.15
Urban 0.63 332
Dense 0.17 0.86
Grant ratiol ~0.014 -1.80
Act/Acc. expenditure 0.063 0.07
Grant ratio2 -0.012 -1.81
Proportion of efficient 61/291 61/291 61/291
schools
R? 0.253 0.229 0.229
Log-likelihood 21434 209.69 209.66

els, excluding the school size and class size variables,
the only significant explanatory factor was the edu-
cational level of students’ parents. In the type 3C
Tobit model also other factors started to be of influ-
ence. Heterogeneity of the student body, the Grant
ratiol, ratio of actual to acceptable expenditures, and
being a private school all increased inefficiency and
were statistically significant. The respective results of
type 4A, 4B, and 4C Tobit models, which did not
include parents’ educational level (included in DEA),
indicated that heterogeneity of student body was the
only significant factor for the two first models, and,
in the type 4C model, private schools again turned
out to be inefficient. The two state grant variables
gave positive coefficients, but their t-values were only
1.5 (Grant ratiol) and 1.45 (Act./acc. expenditure).

6. CONCLUSIONS

In this paper we studied the efficiency differences
among 291 Finnish senior secondary schools by
DEA. Four different models with school level data
were used. Average efficiencies in modelling with the
most extensive list of school related inputs and out-
puts (model 3) were 82-84 per cent, ranging from 44
to 100 per cent. When parents’ educational level was
treated as an additional input (model 4), average
efficiency increased to 91 per cent. The results depend
somewhat on whether one assumes that constant
returns to scale (CRS) or variable returns to scale
(VRS) applies to the efficiency frontier.

One purpose of the study was to analyze how
efficiency rankings of schools depend on inputs and
outputs included in DEA. By classifying schools into
quartiles according to their efficiency scores, and
comparing the simplest model | and model 3 with
some additional variables, 60-70 per cent of schools
in the topmost and the lowest quartiles tended to

remain in the same quartile. The schools in the cen-
trally located quartiles 2 and 3 were more mobile as
only 4045 per cent of them stayed in the initial quar-
tile.

Stability of the rankings from one model to another
was also studied by calculating Spearman rank corre-
lation coefficients. These results showed that the larg-
est differences in rankings in subsequent models were
between the models 3 and 4 where the correlation was
0.66 assuming CRS and 0.69 assuming VRS.

As another test of stability of the efficiency frontier
in regard to outlier schools we applied a jackknifing
technique. Changes in efficiency scores and rankings
(according to Spearman rank correlation coefficients)
turned out to be minor.

The results also showed that, for example, the rank-
ings of schools by matriculation examination scores
differed markedly from their rankings by efficiency.
This is not surprising as efficiency measures the
relation between outputs and inputs whereas matricu-
lation examination scores are output indicators.
Efficiency scores were, however, positively related to
class size (correiation 0.55) and to a lesser extent to
school size (0.33).

In addition to presenting scatter diagrams and cor-
relations between efficiency scores and some individ-
ual variables of interest, we also did some statistical
modeling. The degree of inefficiency (100-efficiency
score) of schools was explained by a Tobit model.
Here, the explanatory variables included factors
which were related to a schools’ student body, scale
of operation, and state grants but were not included
in the DEA models. The effects of individual
explanatory variables, school size, share of female
students, heterogeneity of students in the school, type
of municipality (urban, dense, rural) and variables
related to the grant system remained clearly insig-
nificant in explaining inefficiency. However, inef-
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ficiency decreased as class size, and parents’ edu-
cational level increased. Somewhat surprisingly,
private schools were inefficient relative to public
schools.

When parents’ education Ievel was included as an
input in the DEA analysis and the inefficiency scores
were then explained in a Tobit model, some results
changed. School size remained insignificant and class
size significant as before. Municipality type became
significant so that schools in urban areas were inef-
ficient relative to those in rural and other less popu-
lated areas. Also student body composition began to
matter. Aithough the share of female students did not
achieve a significant coefficient, heterogeneity in
grades was significant and positively related to inef-
ficiency. When grant variables were used instead of
municipality type variables they, surprisingly, gave
negative coefficients which were close to being sig-
nificant. Also the dummy variable related to private
schools got a positive and significant coefficient.

When these analyses were carried out taking the
efficiency scores from VRS models as dependent
variable and dropping out the variables controlling for
the scale of operation (i.e. class and school size) from
Tobit models, the most noticeabie change in resuits
was that the ratio of grants to educational expendi-
tures, as well as the ratio of actual to acceptable

expenditures, now became positive and in some cases
had statistically significant coefficients. Here, hetero-
geneity of student body and being a private (instead
of public) school were related to inefficiency.

In conciusion, the resuits of our DEA analyses indi-
cate the importance of variable choices both on the
input and the output side. Average efficiency and ran-
kings vary to some extent from one model to another
preventing too straightforward conclusions. Further-
more, we view these results only as a step in a
research process which involves finding out what
characterizes observations in opposite ends of
efficiency distributions. In addition, the results of
Tobit models suggest the need for future research,
since the resuits change depending among other
things on the DEA-model used. That the educational
level of pupils’ parents is important for efficiency
seems to be a robust result, but state grant variables,
for example, behave very unpredictably in alternative
models. Also the unexpected outcome of private
schools being less efficient than public ones can hope-
fully be tested with alternative data.
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NOTES

1. This study is part of the “Effectiveness of schooling” research program of the Academy of Finland.
2. Most of the empirical educational production function studies have, however, been analyses where
average (instead of efficient frontier) relations between inputs and outputs have been estimated. For a
review of studies of educational production functions using statistical methods see ¢.g. Hanushek (1986)
and Cohn and Geske (1990).

3. This is also the problem of many production function studies using statistical methods (see e.g.
Hanushek, 1979).

4, Alternatively, it can be determined as the ratio of actual output to potential output, keeping input
constant. Under the assumption of constant returns to scale the latter provides the same efficiency
scores. This is not true under the assumption of variable returns to scale. In this study, we calculate
the efficiency scores assuming that schools are minimizing their use of inputs i.e. keeping their output
constant. Therefore we do not discuss the other alternative i.e. the determination of efficiency scores
in the case where schools are assumed to maximize their outputs.

5. In addition to technical efficiency which is depicted by the piecewise linear frontier function under
the variable retums to scale assumption, in this case it is also possible to define a separate scale
efficiency concept and to consider whether the schools are operating at the regions of increasing, con-
stant or decreasing returns to scale (Banker et al., 1984). We also studied these factors in our earlier
report (Kirjavainen and Loikkanen, 1993); the results are obtainable from the authors upon request.

6. There are also other ways of taking into account the student body of the school. One possibility is
to measure the output as a value added in the sense recommended by Hanushek and Taylor (1990).
Bonesrgnning and Rattsg (1994) used this approach in their analysis. In our case this procedure was
not possible because of lack of student level data about the scores in comprehensive school.

7. As mentioned earlier, the grade in compulsory subjects consists of mother tongue, the second national
language of the country, foreign language, and mathematics (comprehensive or a short course) or
science and humanities. Additional sub)ects ma mclude grades in forengn language, mathematics (short

covars a wida ranoa of
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subjects and students may choose to certain extent subjects they want to answer. Because of these
choices the same score in the matriculation examination can be achieved in various ways.

8. The following points were given to each degree: 1.5 = no degrees other than comprehensive school
diploma; 3 = lowest vocational degree (approximately 10-11 years of schooling); 4 = medium
vocational degree (approximately 12 years of schooling); 5 = highest vocational degree, but not a
university degree (1314 years of schooling); 6 = bachelor’s degree; 7 = master’s degree; 8 = postgradu-
ate degree. The surprisingly detailed information on parents’ educational level was obtained from Stat-
istics Finland.

9. Also Bonesrgnning and Rattsg (1994) and Fire er al. (1989) used jackknifing in their analyses. The
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difference in our analysis is that they dropped each school one at the time whereas we dropped only
the efficient units that construct the frontier.

10. The vaiue of i of Spearman rank correlation coefficient indicates that the rankings are exactly the
same. The value of O indicates no relation between the rankings and the value of — 1 indicates
reverse rankings.

11. These results are not reported here. They are available from the authors upon request.
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APPENDIX A

Table 9. Summary statistics of the variables used in DEA analyses

Mean Standard Minimum Maximum
deviation
Inputs
Teaching hours per week 182.2 89.2 438 567.0
Other than teaching hours per week 21.0 8.7 35 67.6
Experience of teachers 54.4 26.5 2.7 165.3
Education of teachers 10.8 43 3.0 327
Admission level 4419 249.9 61.0 1548.5
Education of students’ parents 166.9 1127 18.0 894.6
Outputs
Number of students who passed their grade (were moved 1782 958 217 6017
up)
Number of graduates 50.0 284 7.0 1770
Score in compulsory subjects in matriculation 891.4 5204 140.0 3530.0
examination
Score in additional subjects in matriculation examination 276.7 173.2 42,0 1258.0
APPENDIX B
Table 10. Summary statistics of the variables used in Tobit analyses
Mean Standard deviation Minimum Maximum
Parents’ educaytion 3015 48.6 200 531.6
School size 186 99.3 31 623
Class size 19.9 3.32 5.6 314
Private 0.05 0.22 0 1
Female 59.1 9.59 294 81.5
Heterogeneity 0.90 0.11 0.52 1.30
Urban 043 0.50 0 1
Dense 0.19 0.39 0 1
Grant ratiol 72.5 10.9 50.0 86.0
Act./facc. expenditure 1.03 0.06 0.75 1.26

Grant ratio2 71.0 11.1 40.8 100.6
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Efficiency of Schools: Explaining high and low performance

EFFICIENCY OF SCHOOLS:
EXPLAINING HIGH AND
LOW PERFORMANCE
WITH ORGANIZATIONAL
CHARACTERISTICS

Tanja Kirjavainen

Abstract

In this paper, the efficiency of Finnish general upper secondary
schools is first studied with Data Envelopment Analysis (DEA)
using four different models. In the simplest model input and output
variables were quantitative. In the most extensive model, parental
socioeconomic background and earlier achievement were controlled.
Average efficiency varied from 71% to 94%. At the second stage,
schools at the top and bottom 15% in efficiency distribution were
studied closer with survey data. The probability of being in the
group of the most efficient schools was explained with statistical
probit and tobit models using variables depicting environmental and
organizational practices of the schools. Concerning environmental
factors, schools with higher admittance level, less heterogeneous
student body and higher proportion of female students were more
likely to be efficient. Probability of being efficient increased when the
school had an organizational structure with a management group or
other similar body, the less it used such management tools as formal
mission, goals or strategy, the lower the participation of teachers
in training, the lower the number of joint teaching projects across
subjects and the more there were active clubs in the school. Other
organizational factors were not related to efficiency. The results
of statistical models explaining efficiency differences were fairly
unstable.

Key words: Efficiency, Data Envelopment Analysis, Secondary
education (JEL I21)
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1. Introduction

Data envelopment analysis (DEA) has been widely used in efficiency
measurement of schools. In such a context, schools are viewed as
productive units using multiple inputs and outputs. The method
calculates arelative efficiency measure for each school by determining
an efficiency frontier through the most productive schools of the data
and by measuring the distance of each school to the frontier. Schools
at the frontier get an efficiency score of 1 (100% in this study) and
schools below the frontier get efficiency score between 0 and 1 (0 and
100%) depending on their distance to the frontier.

The advantage of DEA compared to statistical efficiency measurement
methods is that it is easy to incorporate several inputs and outputs into
the analysis. Furthermore, because of the nonparametric nature of the
method, no strong assumptions about the production technology are
needed. Instead, it is determined from the data. The assumption about
the distribution of efficiency is also unnecessary.

Most often DEA has been used for determining relative efficiency
differences of schools.! As quite considerable efficiency differences
seem to characterize the school sector, question arises why some
schools get more out of their resources than others. For investigating
the causes of inefficiency, a two-stage approach has been most often
applied. Ray (1991) and McCarty and Yaisawarng (1993) corrected the
efficiency scores obtained with DEA with student background factors.
Kirjavainen and Loikkanen (1998) studied the effect of heterogeneity
of student body, class size, school size and the location of the school
on efficiency measured with DEA. Other similar studies adopting a
two-stage approach have examined the effect of competition (Bradley

! See e.g. Bessent and Bessent (1980), Charnes ef al. (1981), Bessent et al. (1982), Bessent
et al. (1983), Bessent et al. (1984), Ludwin and Guthrie (1989), Fire et al. (1989) using the
U.S. school data. Jesson et al. (1987) and Smith and Mayston (1987) studied the efficiency of
school districts (LEAs) in United Kingdom. Other European studies are an efficiency analysis of
Norwegian high schools by Bonesrenning and Rattse (1994) and Finnish general upper
secondary schools by Kirjavainen and Loikkanen (1993). In some of the studies efficiency
differences calculated by DEA have also been compared to results of statistical methods (see
e.g. Mayston and Smith, 1988 and Sengupta and Sfeir, 1986).



et al.,2001; Duncombe et al., 1997; Waldo, 2003), voter monitoring
(Duncombe et al., 1997) and political context of the municipality
(Waldo, 2003) on efficiency.

In school effectiveness studies, a wide range of other factors
related to schools’ organizational and instructional practices have
been addressed. Instead of DEA, these studies often use statistical
multilevel modeling for determining effective and ineffective
schools. The results of school effectiveness studies have been
reviewed several times (see e.g. Teddlie and Reynolds, 2000;
Sammons, 1999; Scheerens and Bosker, 1997; Reynolds et al.,
1994; Lee et al., 1993; Reynolds, 1992; Levine, 1992; Purkey
and Smith, 1983) and reviews have come up with different lists
of characterizations of effective schools. Factors that are in many
reviews associated with effective schools include strong educational
leadership, high expectations of student achievement, emphasis on
basic skills, maximized time on learning, a safe and orderly climate,
practice-oriented staff development at the school site, parental
involvement and support, monitoring of student progress, and clear
school goals. Other correlates include e.g. school-site management
that allows schools to decide its ways to improvement and academic
performance, instructional leadership that initiates and maintains
development process, staff stability, clear curriculum articulation and
organization, school wide recognition of academic success, district
support, collaborative planning and collegial relationship among
staff, and sense of community.

Some studies using DEA have taken similar case study approach
as school effectiveness studies and investigated the most efficient
schools measured with DEA more intensively (Dodd, 2006; Portela
and Camanho, 2007). The findings of these studies are similar to
many school effectiveness studies. As these studies concentrate on
efficient schools, it is not certain if the same characteristics are also
present in inefficient schools.

Contrary to earlier studies that concentrate on taking closer look
on schools at the efficiency frontier, in this paper schools at both
ends of the efficiency distribution are studied. Efficiency of Finnish
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general upper secondary schools is first measured with DEA using a
set of usual input and output variables. In the second stage, survey
information concerning organizational practices was collected from
schools that were mostly at the upper and lower tails of the efficiency
distribution in these models. The survey data cover information on
students, communication between parents and school, management
of school, staff development, teacher and student monitoring and
school facilities from 73 schools. The differences in these factors
are studied statistically using descriptive statistics and statistical
models. Sensitivity of the results is also tested with a more extensive
DEA model and by grouping schools as efficient and inefficient in
alternative ways.

The results of this study show, that there were clear efficiency
differences between schools. However, these differences were not
related to most of the organizational practices examined. Mission,
goals and strategy were less seldom determined in efficient schools.
If they were determined, principals of efficient schools expressed
higher consensus about them. In some of the models, schools with
management or other assisting group were more efficient. Furthermore,
efficientschools had less teaching projects across subjects and teachers
participated less in training but had larger number of active clubs
according to some of the models. Most of the results were not robust
to model specification and grouping. Concerning the factors related
to student body composition, such as heterogeneity and proportion
of female students, they were more robustly related to efficiency.
Hence, the results of this study demonstrate that concentrating only
on top performing schools when examining the causes of efficiency
may give distorted picture and provide little guidance for improving
efficiency.

The paper continues as follows. In section 2 Finnish general upper
secondary schools are described. Section 3 presents the research
design and data. In section 4 the models and variables used in DEA
analysis are introduced. This section concludes with the presentation
of'the results of efficiency differences calculated with DEA. Section 5



describes the variables explaining efficiency differences and provides
the results of the estimations and section 6 concludes.

2. Finnish general upper secondary schools

Since this study uses data on the 1990’s, a short description of
the system at that time is provided in the following. Certain core
characteristics of the Finnish general upper secondary schooling
were the same at the beginning of the 1990’s as they are today but
there were also many differences.

Schoolsprovided general education after the nine - year comprehensive
school. Some 55% of the comprehensive school-leaving pupils
continued their studies in general upper secondary schools. There
were about 450 general upper secondary schools in Finland and they
provided education for about 100 000 students. Students followed
year classes and the education was usually completed in three years.
Studies were divided into courses so that each course consisted of 38
lessons. The school year was usually divided into five or six periods. A
schedule was devised for each period focusing on certain subjects.

The school concluded with a national school-leaving examination,
the matriculation examination. Passing of the examination gave
general eligibility for university studies and vocational education
intended for matriculated students. The examination comprised
of four compulsory tests: the student’s mother tongue (Finnish/
Swedish/Sami), the second national language of the country (Finnish/
Swedish), a foreign language (usually English, French, German
or Russian) and either the mathematics or science and humanities.
The latter comprised questions in several subjects and the pupil was
free to choose any combination of questions and subjects: religion,
psychology, philosophy or ethics, history, civics, physics, chemistry,
biology and geography. Besides compulsory tests, the candidate was
able to take optional tests. Teachers carried out the initial grading of
the exams; the final grading was done by the national matriculation
examination board.
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During 1985-1994 general upper secondary schools were quite tightly
regulated at the national level. National core curriculum established
by the Finnish national board of education was very detailed.
It provided little freedom for schools and teachers to direct the content
of instruction. Schools were mainly maintained by the municipalities
and financed by local taxes and state grants to municipalities. The
state grant system was also very centralized in nature and the grants
to municipalities and schools were earmarked.

In mid 1990’s the tight governmental control was released and
decision making power was decentralized into local level. The new
national core curriculum issued in 1994 provided a framework for
instruction. Each school had a two year transition period during
which they had to start devising their own school level curriculum
based on the national core curriculum. In addition, the system with
fixed classes was abolished and schools started following the non-
graded system. The renewed state grant system supported the local
level decision making by making the grants general.

3. Research design and data

This study was carried out in two phases. Efficiency of Finnish
general upper secondary schools was first measured using DEA.
Based on the results of three different DEA models, schools at the
tails of the efficiency distributions were studied closer concentrating
on their organizational practices. The analysis was statistical and it
was based on survey data.

Thedatausedinefficiency measurement was across sectionaggregated
to the school level. It was compiled from several official registers and
complemented with a survey to schools. The data consisted of 309
general upper secondary schools located all over Finland. There were
some 450 general upper secondary schools providing education for
students younger than 18 years of age in 1991, but unfortunately not
all the necessary information was available from all the schools.



The key school output measures concerned students completing their
studies in 1991. Since the general upper secondary school lasted for
three years, students matriculating in 1991 started their studies in the
fall of 1988. Therefore, the input data covered the years 1988-1991.
Whenever possible, all input variables were measured as averages
over the whole period. One of the output variables, the number of
students passing their grade, was also an average over the three years.
For variables depicting the environment and student body composition
of the schools information for the year 1991 was used.

The second stage survey data, which was used for studying the
organizational practices, was designed by taking into account the
findings of production function and school effectiveness studies. In
particular, the characteristics of effective schools listed by Purkey
and Smith (1983) and Levine (1992) were considered. The survey
consisted of both structured and open questions. Open format was used
in connection of those school practices which were difficult to capture
in closed format either because of the nature of the phenomenon or
because of limited knowledge of the actual school practices. When
coding the responses of open questions, information on the efficiency
of the school was hidden. The classifications of open questions were
created from the responses.

The survey data was collected in the summer of 1995. The survey
was addressed to principals of 130 schools which were classified
either as efficient (58 schools) or inefficient (72 schools) based on
their efficiency scores in three different DEA models.? Some 62% of
the schools returned the survey after two rounds. Efficient schools
were little more likely to respond (71%) than the inefficient schools
(54%). Some of the responses were so incomplete that they were
dropped out.

2 School was classified as efficient (or high performer) if it was among the 15% most
efficient schools in model 2, 3, or 4 assuming variable returns to scale. Respectively, school
was classified as inefficient (or low performer) if it was among 15% least efficient schools in
model 2, 3, or 4 assuming variable returns to scale. The efficiency scores assuming variable
returns to scale were used in order to control for the scale effects.
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The final data used in the second stage analyses comprised of 73
schools, of which 40 were efficient and 33 inefficient. In other words,
some 69% of the efficient and 46% of inefficient schools were used
for analyzing the causes of efficiency differences. This result can be
considered as satisfactory taking into account the delicate nature of
the survey.’

The respondents were compared to all schools selected to the survey
in terms of efficiency scores, matriculation examination scores,
school size and type of municipality.* These results are reported in
Appendix 1. They show that the average efficiency scores, average
scores in the matriculation examination, and school size did not differ
in the two groups. Only the schools in urban areas were somewhat
less likely to respond. Correspondingly, the proportion of schools
in densely populated and rural areas was somewhat higher among
the respondents. However, these differences were not statistically
significant.

In an ideal situation, one would collect data linking variables used in
efficiency measurement to variables describing the school processes
so that there is no time lag between these two sets of variables. In
practice, this is rarely possible. In most cases, because register data
lags behind, the collection of information on school processes and
practices takes place few years after the efficiency measurement.
This means that there are limitations in the data describing school
practices and processes that are related to the continuing availability
of relevant staff in school, and potential problems of recall and post-

3 The research design was not mentioned in the covering letter. Thus, principals did
not know the efficiency score of their school when responding to the survey. Only
information given was related to the purpose of the study. A copy of the summary of an earlier
study by Kirjavainen and Loikkanen (1993) was also attached for providing information on
efficiency measurement and differences in efficiency scores. Since names of the schools
were not mentioned in the study, principals were not able to identify the placing of their
school in the efficiency distributions. It was also emphasized that the responses would be
analyzed statistically so that it would not be possible to identify individual schools.

4 The distribution of the matriculation examination scores, school size, parents’ education
and admission level were also very similar among 309 schools and those returning the
survey. These results are not reported here but they are available upon request.



hoc rationalization (see Sammons et al., 1998). That is also the case
in this study.

In order to minimize problems caused by post-hoc rationalization,
principals were reminded at the beginning of the survey to recall the
situation during the period of efficiency measurementin 1998-1991. In
addition, to control for the staff turnover, there were questions related
to it. They revealed that it was not a severe problem. Concerning
the turnover of principals, over 80% of those returning the survey
stated that they had been in the school for the past five years acting
as a principal between 1988-1991.° Among those not returning the
survey, 11 schools (9%) informed that they were not able to return the
survey because the change of the principal and the former principal
being out of reach or not willing to respond. Overall, teachers’ and
principals’ turnover is quite low in Finland. There were also three
schools that were closed between the research period and the point
of the survey.

Changes taking place after the period of efficiency measurement
may also influence the ability to recall past practices. There was one
question about the changes after 1991 in the survey. Some 57% of the
principals mentioned that their school had started to follow the non-
graded system and some 43% mentioned that there was a process of
school level curriculum development taking place in their school.

Concerning the post-hoc rationalization, principals may have had the
temptation to prettify the actual situation in the school. Teacher survey
is one way to control for this kind of bias.® This was not possible in this
study because of limited resources. It must be, however, noted that
in an earlier study (Jakku-Sihvonen, 1994) instructional leadership
in general upper secondary schools was studied using both principal
and teacher surveys. According to the results, there were no major
differences between the responses given by principals and teachers.

3 If the principal had been in duty for a short period, they responded only to those questions
they had enough information.

% Also the problems caused by time gap between efficiency measurement and survey would
have been reduced by comparing the responses of these two groups.
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4, Efficiency analysis with DEA

4.1. Method

Economic theory recognizes several efficiency concepts. In this study,
the concept of technical efficiency is used. It is determined either as the
ratio of observed to maximum potential outputs obtainable from the
given inputs or as the ratio of minimum potential to observed inputs
required to produce the given outputs. In the former case, school is
viewed as maximizing its outputs with the given inputs and in the
latter case as minimizing the use of inputs when the outputs are fixed.
When efficiency is measured with DEA either of the assumptions can
be applied. In this study the efficiency scores are calculated assuming

that schools are minimizing their use of inputs i.e. their outputs are
fixed.’”

In DEA, a relative efficiency measure is calculated for each school
by determining an efficiency frontier through the most productive
schools in the data and by measuring each school’s distance to the
frontier. Schools at the efficiency frontier get an efficiency score of 1
(100% in this study) and schools below the frontier get an efficiency
score between 0 and 1 (between 0 and 100%) depending on their
distance to the frontier. Efficiency scores can be calculated either
by assuming constant returns to scale (c.f. Charnes et al., 1978) or
variable returns to scale (c.f. Banker et al., 1984). Efficiency scores
are higher when variable returns to scale are assumed because there
are more schools at the efficiency frontier. In this study, efficiency
scores are calculated using both assumptions but the selection of the
most efficient and inefficient schools is based on models assuming
variable returns to scale.®

The formal optimization problem is the following when schools are
minimizing their use of inputs. If we consider # schools so that school
Jj uses the amount of X, of input i and produces the amount of Y, of
output ». Then, by denotmg the input weights by v, (i=1,...,m) and

7 The assumption of output maximization could also have been used but here schools
were seen as units minimizing their use of resources. In practice, the results were almost
identical.

8 For more of DEA, see e.g. Fried et al. (2008).
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the output weights by u_(r =1,...,s) and by constraining them to be
greater than an infinitesimal € (in order to ensure unique solution),
our basic DEA linear programming problem for the school j, can be
written as follows, assuming constant returns to scale:

Max Wy =2 13, M
’ r=1
s.t. Z:Vl.xl.0 =1 (2)
i=1
ZMJ’;_«;‘ZV,-XU <0 j=L...,m 3)
r=1 i=1
MV, 2&E r=1,..,s; i=1...m 4)

Model (1) maximizes the efficiency score for the school j, so that the
score varies between [0,1]. Each school gets the optimal weights for
inputs and outputs so that they are non-negative.

If variable returns to scale are assumed, following Banker et al. (1984),
the target function of the multiplier problem (Eq. (1)) and the second
restriction (Eq. (3)) 1s modified by adding a constant term @, which
determines values for the supporting hyperplanes passing through the
dominating set of the school 0. The values of @ specify whether the
school 0 operates in the area of decreasing (w > 0), constant (v = 0)
or increasing returns to scale (w < 0).

4.2. Models and variables

For the purposes of this study, there are two factors that complicate
the choice of input and output variables in DEA. First, because of
non-parametric nature of the method, no statistical tests are available
to test the statistical significance of the inputs and outputs. Second,
as the number of inputs and outputs increase the efficiency of the
units in DEA increase because of larger number of efficient input -
output combinations. Hence, the discriminating power of the method
diminishes as new inputs and outputs are included. In this study, the
choice of schools for the second stage is based on models with basic

12
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inputs and outputs. To test the stability of the results, a modeling
strategy from simple to more complicated one is followed. An
additional DEA model with inputs controlling the quality of students
and teachers is also calculated. This model is used for testing the
robustness of the results of other models. The models and variables
are presented in Table 1. Summary statistics are reported in Appendix
2 and the precise descriptions of all the input and output variables are
provided in Appendix 3.

In the simplest model 1, including only quantitative inputs and outputs,
schools use teaching and other hours as their input and produce
students moving to upper grade levels and students participating in
the matriculation examination. Since the parental socioeconomic
status strongly affects student achievement, it is added in model 2.
Usually it is measured with education and income level of parents.
In this study, only information on education level of parents was
available and it was used in models 2-5.

Table 1. Models and variables in DEA efficiency
measurement
Model 1 Model 2 Model 3 Model 4 Model 5
Inputs
Number of teaching and other hours X X X X X
per week
Parental education X X X X
Admission level X
Education of teachers X
Experience of teachers X
Outputs
Number of students who were X X X X X
moved up
Number of students taking the X X X X
matriculation examination
Total number of scores in the X X X

matriculation examination

13



In most of the production function studies output is measured with
some standardized achievement test or examination score. In this
study, the total number of scores in the matriculation examination
was used. It was added as an output in model 3. The grades in each
test in the matriculation examination range from improbatur (failed)
to laudatur (excellent) and they were converted to scores using a
scale from 0 to 6. Since the quantity aspect is also present in the
matriculation examination scores, the number of students taking the
matriculation examination was excluded in model 4.

Model 5 is the most extensive model with three additional inputs.
It takes into account the quality of teaching staff (education and
experience of teachers) and earlier student achievement. Education
of the teachers was measured with the number of teachers having at
least a master’s degree. Experience of the teachers was calculated by
giving one point for each professional five year period and adding
these points in each school. Earlier student achievement was measured
with the average grade in comprehensive school report of the weakest
accepted student (admission level). Naturally, information on all
accepted students would have been a better choice but unfortunately
it was not available.

4.3. Results of DEA analysis

In discussing the results of DEA efficiency measurement, the emphasis
will be in demonstrating the magnitude of efficiency differences using
basic summary statistics and in testing the stability of the results
with Spearman rank correlation coefficients and cross-tabulations.’
Efficiency scores for each school are calculated assuming that schools

? Possible outlier cases may also affect the stability of the results of DEA, i.e. there may be
some schools at the efficiency frontier whose production technology is clearly different from
other schools. It is not desirable that such schools serve as a reference case for other schools.
Using a method called jackknifing it is possible to detect such outlier cases in the data. In
jackknifing, DEA is run by dropping out each efficient unit one at the time in order to see
whether the results change. This procedure is not done in this study because mostly the same
data is used as in Kirjavainen and Loikkanen (1998), in which this analysis was conducted.
Their analysis showed e.g. that the results were robust and the robustness increased as the
number of variables in analysis increased. See also Bonesrenning and Rattsg (1994) and
Fére et al. (1989) for their results.
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are minimizing their use of inputs keeping the output constant. In
such a case, the deviation of efficiency scores from one (100% in this
study) indicates savings possibilities in the use of inputs. In addition,
efficiency scores assuming both constant returns to scale (CRS) and
variable returns to scale (VRS) are calculated. The summary statistics

of efficiency scores are presented in Table 2.

Table 2. Summary statistics of DEA efficiency
measurement
Model 1 Model 2 Model 3 Model 4 Model 5

CRS VRS CRS VRS CRS VRS CRS VRS CRS VRS
Average 70.85 7394 8461 8754 8573 8879 8319 86.08 92.09 94.13
Minimum 19.00 4134 5559  56.74 5589 5731 5475 5728 7592  75.68
Maximum 100 100 100 100 100 100 100 100 100 100
Number of
efficient 4 10 13 28 17 36 11 28 40 73
schools (1.3) 3.2) “4.2) ©.1) 5.5 (117 (3.6) ©.)  (129) (23.6)
(Percentage)
Average
efficiency of 90.58 9356 9643  99.16 9755 9973 9596  99.14  99.97 100
highest 15% (83.76  (86.69 (92.35 (96.31 (93.73 (97.87 (91.54 (9620 (99.46  (100)
(Range) -100) -100)  -100)  -100)  -100)  -100)  -100)  -100)  -100)
Average
efficiency of  49.85 5695 73.03 7468 74.19 76.10 71.73  72.88 83.51 84.85
lowest 15% (19.00- (41.34- (55.59- (56.74- (55.89- (57.31- (54.75- (57.28- (7592 (75.68-
(Range) 57.32)  62.22) 77.24) 79.58) 7834) 80.72) 76.04) 77.52) 86.44) 87.89)

The average efficiency varied from 71% in model 1 to 92% in model
5 assuming CRS. The largest increase in average efficiency was
between models 1 and 2, from 71% to 85%. In model 3, the addition of
matriculation examination scores measuring the quality of output had
only modest impact on average efficiency. In model 4, the dropping
of the number of students taking the matriculation examination
decreased the average efficiency to 83%. Adding admission level
controlling for the quality of students and education and experience of
teachers controlling for the quality of teachers increased the average
efficiency to 92%. The variability in average efficiencies was only
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slightly smaller when VRS assumed. The pattern of changes was
identical to the assumption of CRS.

The differences in efficiency scores between the most and least
efficient schools are quite large especially in models 1, 2, 3, 4 (see
also Figure 1). In model 1, the least efficient school had an average
efficiency of 20% meaning that it could have used 80% less of inputs
to produce its output. In model 5, the differences were smaller so that
the least efficient school had an efficiency score of 76% indicating a
saving potential of 24%.

As the number of inputs and outputs increase the number of schools
at the efficiency frontier also increases. In model 1 there were four
schools (1.3%) at the frontier and in model 5 the corresponding figure
is already 40 (13%) assuming CRS. When VRS was assumed, the
number of efficient schools further increased as was indicated earlier.
In model 1 assuming VRS there were 10 (3%) and in model 5 already
73 (24%) schools at the efficiency frontier.

Figure 1. Efficiency distributions of DEA models 2, 3, 4,
and 5 assuming VRS
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The changes in rankings based on efficiency scores in different
DEA models were examined using the Spearman rank correlation
coefficient measuring the similarity of rankings between two different
models.!” The results show (see Table 3) that the rankings in model 1
are very different from those in other models. The largest differences
were between models 1 and 4 with rank correlation coefficient of
0.29 when CRS was assumed. The differences were smaller when
VRS was assumed. Rankings in models 2, 3 and 4 were more similar
regardless of scale assumption. For instance, the rank correlation
coefficient was 0.95 between the models 2 and 3 indicating that very
few schools changed their rankings in these models.

Table 3. Spearman rank correlation coefficients between
different models. Scale assumption in parentheses

Model 1 Model 2 Model 3 Model 4 Model 5

Model 1 1.00 (CRS)

1.00 (VRS)
Model 2 0.55 (CRS) 1.00 (CRS)

0.56 (VRS) 1.00 (VRS)
Model 3 0.44 (CRS) 0.95 (CRS) 1.00 (CRS)

0.51 (VRS) 0.95 (VRS) 1.00 (VRS)
Model 4 0.31 (CRS) 0.77 (CRS) 0.87 (CRS) 1.00 (CRS)

0.42 (VRS) 0.80 (VRS) 0.89 (VRS) 1.00 (VRS)
Model 5 0.18 (CRS) 0.66 (CRS) 0.73 (CRS) 0.71 (CRS)

0.29 (VRS) 0.64 (VRS) 0.72 (VRS) 0.70 (VRS) 1.00 (VRS)

Schools among the 15% most or 15% least efficient schools in
models 2, 3, or 4 assuming VRS were selected for the second stage
analysis. By using this rule, around one third of the schools were

19 The value of 1 of Spearman rank correlation coefficient indicates that the rankings are
exactly the same. The value of 0 indicates that there is no connection between the rankings,
and the value of —1 indicates that the rankings are reverse.
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included. This sample was considered large enough. It also separated
individual schools.

The average efficiency of the high performers exceeded 90% in all
the models (see Table 2). In model 1 assuming CRS it was 91% and in
model 3 assuming VRS it was close to 100%. The average efficiency
ofthe low performers ranged from 50% in model 1 (assuming CRS) to
76% in model 3 (assuming VRS). Hence, there were clear differences
in average efficiency across these two groups.

The stability of the groups of high and low performers across different
DEA models was studied by cross-tabulation (see Appendix 4 and
Appendix 5). The results showed that the group of high performers
was more stable than the group of low performers. Concerning the
effect of scale assumption, the group of top performers was somewhat
more stable assuming VRS, whereas the group of low performers was
more stable when CRS was assumed. The rankings of most of the
schools especially at the top of the distribution remained relatively
unchanged. The lower tail of the distribution is more vulnerable to
the addition of new inputs and outputs. This is a fact that complicates
the analysis at the second stage.

Distributions of efficiency scores for the high and low performers
and for the schools responding to the survey are depicted in Figure 2.
The figure shows that schools returning the survey are mostly located
at the tails of the distributions. Because schools were selected based
on their performance in three different models, there are always some
schools that are also in the middle of the distribution. The figure also
shows that non-responding was quite randomly distributed.
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Figure 2.

Distributions of efficiency scores in models 2-5

assuming variable returns to scale for schools in
the survey sample and schools responding to the
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5.  Efficiency differences and organizational
characteristics

Since most of the DEA models included only few inputs and outputs,
the effect of some additional factors related to school resources,
student body and school environment on efficiency are first tested.
Thereafter, descriptive statistics and statistical models examining the
influence of organizational factors or practices related to structure,
goals, decision making, staff development, monitoring of teachers and
students, instructional development, policy concerning parents and
satisfaction of principals over the operation of school on efficiency
are estimated.'

Earlier, the division of schools into two groups (efficient vs. inefficient)
based on their efficiency scores in DEA models 2, 3 and 4 were
described. Additional groups were also formed taking into account
the results of model 5 in order to test the stability of the results. These
groupings are described in Appendix 6. Descriptive statistics of the
organizational characteristics based on these groupings are reported
in the Appendices 7-11. They are also shortly commented in the text
but the main emphasis will be on describing the results of statistical
probit and tobit models.

When the schools at the tails of the efficiency distribution are
compared, the dependent variable can be described as a dichotomy
i.e. school is classified either as efficient (it was among the 15% most
efficient schools in at least one of the three models) or as inefficient (it
was among the 15% least efficient schools in at least one of the three
models). In such a case, the dependent variable is not a continuous
one and therefore the standard OLS estimation would produce biased
results. Discriminant analysis is usually used in this kind of setting
to determine factors discriminating the two groups. According to
Maddala (1983) it would not, however, produce consistent estimates
when the assumption of normality is not true for the independent
variables (in this study e.g. dummy variables are used). Instead, probit-

"' The results of the survey have been reported in more detail in Kirjavainen (1997).
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models are considered more appropriate.'?> They yield probabilities
as a function of explanatory variables for the occurrence i.e. for the
school being efficient. The model is illustrated in the following.

Assume that there exists a continuous index Y, i* that is determined by
the vector of explanatory variables X; of the form

Y =pX tu 5)

Observations on Y are not, however, available. Instead, the avallable
data only dlstmgulsh whether school is efficient (high values of Y; )
or inefficient (low values of Y; ) Probit models produce estimates for
the parameters f while at the same time obtaining information about
the underlying index Y . Specifically, if the dependent variable for
school i is a dummy Varlable Y; having values of 1 (scI}kool is efficient)
or 0 (school is inefficient). Then it is assumed that ¥; * represents the
critical cutoff value translating the underlying index into occurrence

observed i.e.

Yl,=lile,*>O 6)

Yl_ = (), otherwise.

This specification enables the model to be estimated by the maximum
likelihood method by assuming normally distributed errors u;.

In addition to probit models, the robustness of the results were tested
with a tobit models using the efficiency scores of model 5 assuming
VRS as the dependent variable. As a consequence of including
admission level and education and experience of teachers in DEA
model (model 5) the efficiency of some schools increased so that
the efficiency distribution was continuous (see Figure 2). Because

12 1t must be noted that there are also problems associated with the use of probit models that
are related to the fact that observations are not normally distributed as is assumed in probit
models. Another problem is related to the small number of observations which may cause
the estimates to be unstable.
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the efficiency scores are continuous and limited to 1 in the upper
tail of the distribution and to 0 in the lower tail, tobit models were
considered appropriate for the estimation. The estimated model is
thus following (Maddala, 1983)

YI=pX (7

where Y;* is a latent variable referring to the technical efficiency of
schools. The observed data is, however, given in the following

Y=L, if Yi* <Ly
Y=Y ifLy<Y <Ly (®)
Yi=Ly ifY,>Ly

where L and L, are the lower and upper limits of the data. Since
there are no observations at the lower limit the data is estimated with
right censored tobit model in Stata.

5.1. Resources and environmental characteristics

Efficiency measurement and subsequent choice of schools included
in the second stage analysis was based on three different models with
limited number of inputs. As for student background, these models
only controlled parental education. Therefore, it is tested if the group
of efficient and inefficient schools differed in terms of admission
level in the second stage.”’

Additional measures that were not possible to include in DEA
analysis include heterogeneity of the student body which takes into
account the different demands set for the instruction and the use of

B3 In Kirjavainen (1997) also estimate of principals concerning the percentage applicants
accepted as well as estimate concerning the percentage of accepted students placing
the school as their first alternative were considered. However, these variables did not
discriminate efficient and inefficient schools.
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resources through e.g. different grouping practices. Itis measured with
standard deviation in grades in the matriculation examination within
the school. Proportion of female students 1s another factor related to
student body composition. It tests the gender effect on efficiency. As
for education and experience of teachers, since they were included
only in model 5, their effect is also tested in the second stage.

In production function studies, the effect of class size and school size
is of primary interest. The class size effect is not tested in this study
and scale effects are already taken into account in DEA models since
schools were selected on the basis of their efficiency scores assuming
variable returns to scale (VRS).

Physical facilities may affect student learning if there is lack of
equipment or materials. In addition, if the physical condition of
the school premises is poor or the space in the classrooms is too
limited it may have consequences on learning through students’ and
teachers’ satisfaction. The data used in efficiency measurement did
not contain any information on school facilities or equipment. In
the survey, some indirect information about the physical facilities
of schools was collected. It concerned principal’s assessment of the
space in classrooms and instructional equipment. Its effect is tested
in statistical models.

Parental involvement may be considered from different point of
views. On the one hand, there are the actions of parents in the form
of encouragement and support for their children. On the other hand,
there are the actions taken by the school in enhancing involvement
of parents in the schoolwork. The former one is more related to
environmental characteristics of schools, whereas the latter one can
be considered as a policy chosen by the school. In this study, the first
view is considered by using the estimate of principals concerning
the attendance of parents in parent meetings and testing its effect on
efficiency.

Finally, there is also information related to the type of municipality

available and it is used as a dummy structure indicating whether the
school is located in the urban, densely populated or in rural area.
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5.2. Organizational characteristics

The main concern of this study is to examine the effect of certain
organizational factors and practices on efficiency. Formal structure
of the organization is important and it influences on the way routines
are carried out in the school. It may also facilitate for instance
participation of teachers in school matters and decision making.
Information concerning the structure of organization was obtained
from the survey by requesting principals to draw a chart on their
school and to specify the tasks of each group mentioned in it. When
the responses were coded, two groups of schools emerged. In most of
the schools, the formal organization was described as traditional. In
such a case, principals described that there were teachers, principal,
students and other staff in the school. Another group was formed
of schools that had a management group and/or working groups
consisting of teachers responsible for the preparation and planning of
various activities related to school matters and instruction.

The results concerning effective schools emphasize the importance of
clearly defined goals as one of the features of good leadership. These
goals should also have a wide acceptance among the teachers and other
staff in order to be effective. Other related “instruments” - perhaps
more common in corporate settings - are a mission and a strategy for
carrying out the goals. In this study, there is information on whether
schools had officially defined mission, goals, and/or strategy. In
addition, the assessment of principals concerning the consensus
about the goals among teachers is also used.

Participative decision making involving teachers is one of the
characteristics of effective schools. There are two dimensions related
to it. One is the possibility of teachers to influence decision making
at the school site and another is the autonomy of schools, especially
in relation to municipalities, in making decisions concerning
themselves. Variables depicting both of these dimensions are used.
The influence of teachers in decision making is tested with two
alternative variables. The first one is constructed from the statements
of principals concerning the proposal and decision making in the
following matters: Goals and strategy, resource allocation, teacher
resources, content of instruction, teaching methods and instructional
materials.
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The second variable describes the process of short range planning.
It is constructed from the question asking principals to describe how
the process was carried out, i.e. who were involved and what were the
responsibilities of each of the participant. In the coding, schools were
classified as either following the bottom-up or top-down approach.
The first one is characterized as a process in which teachers take part
and make proposals right at the beginning. The final working plan of
the coming year was a product of the proposals of the teachers and
other staff. The latter approach was characterized as one in which
principal took care of all the major phases of the process. The role of
the teachers was more or less to formally approve the proposals of
the principal.

Autonomy of'schools in decision making has been one ofthe arguments
in favor of better performance of private schools in the U.S. (see e.g.
Chubb and Moe, 1990). It allows schools to be more responsive for
instance to problem situations. In the survey, it turned out that in
Finland only the hiring of new teachers was an issue differentiating
schools so that proposals or decisions were also made by the school
board or education committee'®. All the other decisions were mainly
made at the school site. Therefore, only variable depicting the hiring
decisions of new teachers is considered in this study.

On the basis of earlier research, staff development and monitoring are
important features of effective schools. In this study, some information
related to these factors is available. There is data on whether or not
schools made staff development plans indicating the consistency
of staff development. In addition, information on the teachers’
participation in training is used. As for monitoring of performance
of teachers, information on how often principals conducted personal
monitoring sessions with the teachers is used.

The performance monitoring of students was also one of the features
of effective schools. Levin (1997) also mentions it as one of the ways
to improve x-efficiency. In this study, there is information on how

14 The education committee is a local-government body that directs and supervises the
municipal school system. The education committee is elected by the local council.
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often the performance of students was monitored by the principal and
staff during the school year.

Instructional matters were for the most part left out of this study.
However, the effect of some factors related to it is tested. They concern
the developing of instruction. In Finland, schools often proceed in this
matter by participating in locally or nationally organized development
projects or experiments. In the survey, principals were asked if their
school had taken part in any such projects during the research period.
Another factor is the introduction of new instructional methods. The
projects crossing the subject boundaries were especially popular. In
this study, there is information on the number of joint projects across
different subjects in a school year.

Parental involvement was earlier considered from the point of view of
parental support for their children and schoolwork. Another dimension
concerns the role of schools in promoting parents’ participation. In
other words, schools may have policies that encourage parents to
take actively part in schoolwork and inform parents about the school
matters. The variable used in this study depicts whether schools had
policies going beyond the usual parent meetings i.e. if schools had
parent associations, bulletins or other practices that increased the
involvement of parents in school matters.

Other factor, which was tested concerned after school activities and
it was measured with the number of clubs in the school. In addition,
evaluation of the principals on the following matters was considered:
Satisfaction with the teachers’ preparation of classroom work, how
easy it was to get things done with the teachers, and an overall
satisfaction on a scale from 4 to 10.

5.3. Estimation results

Results concerning the student body and environmental characteristics
are very much in line with earlier production function studies (see
Table 4). Admission level and share of female students was somewhat
higher, and heterogeneity of student body somewhat lower in efficient
schools. These results were also quite robust when schools were
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grouped in different ways based on their efficiency (see Appendix 8).
In probit model 1A, the probability of being efficient (PE) increased if
admission level (at 1% significance level) and the percentage of female
students (at 5% significance level) were high whereas heterogeneous
student body decreased the PE at 5% significance level.

Teachers’ education and experience was not related to PE in probit
model 1A, whereas principals’ estimate of lack of equipment and
school facilities increased PE at 10% significance level. Measure
for parental involvement had statistically insignificant coefficient.
Schools in densely populated areas were more likely to be efficient
than schools in urban and rural areas at 5% significance level in probit
model.

Table 4. Parameter estimates of probit and tobit models.
Explanatory variables related to student body,
school resources and school environment

Probit 1A Tobit 1A (Model 5)
Coefficient z-ratio Coefficient t-ratio
Constant -10.953 S2.41%% 0.9354 7.98
Student body composition
Admission level 1.505 3.04%**
Heterogeneity -3.215 -2.04%* -0.182 -1.87*
Females (%) 0.0477 2.42%% 0.002 1.82%
Education of teachers -1.365 -0.73
Experience of teachers 0.0742 0.24
Parental involvement
Attendance in parent meetings 0.0844 0.27 0.008 0.38
Physical facilities 0.545 1.66* 0.040 2.13%*
Municipality type
Rural 0.470 0.97 0.021 0.81
Dense 1.565 2.23%* 0.039 1.08
Proportion of efficient schools 38/71 32/71
Proportion of right predictions 76.1
Pseudo R’ 0.318
Log-likelihood -33.456 19.623
**% p <0.01 **p<0.05 *p<0.1
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The results of tobit model using the efficiency scores of model
5 (VRS) as the dependent variable supported the results of probit
models. Heterogeneity of the student body decreased efficiency
and share of female students increased it. Both coefficients were
statistically significant at 10% significance level. In efficient schools,
principals were more likely to report that there was lack of space and
equipment in the school (at 5% significance level). Municipality type
was not related to efficiency in this model.

Because in both probit and tobit models 1A variables measuring the
student body composition were statistically significant, they were also
included in models testing the effect of organizational factors in order
to control for student body. Since a number of factors were used to
characterize the organization of schools, separate models for different
groups of variables were estimated. The first group of variables
was related to the structure of organization, formal management
practices, and decision making. The second group of variables tested
the effect of development and monitoring practices. Finally, the third
group consisted of variables which describe the policy concerning
parent-school relations, after-school activities and the satisfaction of
principals for various aspects of the school. The estimation results are
presented in Table 5 and Table 6.

Overall, the results show that most of the variables measuring
organizational characteristics and practices were not related to
efficiency. Furthermore, in some of the cases the sign of the effect was
unexpected. The variables measuring student body composition were
more robust but in some models also their effect was not statistically
significant.

Probit and tobit models 2A and 2B tested the effect of student body,
structure of organization, mission and goals and decision making
practices on efficiency. Means of the variables based on different
groupings are presented in Appendix 9. They show that in over
half of the schools organization structure was characterized as one
without management or other groups assisting and preparing matters
related to whole school. Use of management or other assisting groups
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was more common in efficient schools according to grouping 1 and
4. In groupings 2 and 3 these differences diminish. Planning was
characterized as bottom-up in over half of the schools. This approach
was more common in inefficient schools. The results were robust to
different groupings of schools.

Concerning the autonomy of schools in hiring teachers, most often
schools were able to make proposals that were confirmed by the local
school board. This procedure was more common in efficient schools
based on grouping 1. However, the results changed in other groupings
and the differences between efficient and inefficient schools became
smaller. In almost all schools principals responded that they had
shared, clearly defined goals. Most of the principals also felt that
there was consensus about them. Principals of inefficient schools had
more often the view that teachers were very unanimous about these
goals.

The results were similar when these factors were tested together with
the student background factors in probit model. Higher admission
level increased the PE at 1% significance level. PE also increased if
school had an organization structure with management group or other
working groups. The more schools used such management tools as
mission, goals and strategy the less likely they were to be efficient.
The coefficients of these two variables were statistically significant
at 1% level. The autonomy in hiring new teachers increased the PE at
10% significance level. Other factors depicting decision making were
not related to efficiency in probit models.

In tobit models 2A and 2B factors related to student body were not
statistically significant. Schools with mission, goals and strategy
were less likely to be efficient also in these models at 5% significance
level. The higher unanimity about the school goals decreased the PE
at 5% significance level. Other factors were not related to efficiency
i.e. autonomy of school in hiring teachers and influence of teachers
in decision making were not statistically significant in explaining
efficiency.
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Table 5.

Parameter estimates of probit and tobit models.
Explanatory variables related to student body,
structure of organization, school goals, and
decision making

Probit 2A Tobit 2A (Model 5) Probit 2B Tobit 2B (Model 5)
Coefficient  z-ratio  Coefficient t-ratio Coefficient  z-ratio Coefficient  t-ratio
Constant -7.613 -1.72% 1.049%** 770 -6.330 -1.38 1.038 7.29%**
Student body composition
Admission level 1.327 2.48%** 1.051 1.85*
Heterogeneity -3.631 -1.85% -0.161 -1.33 -2.801 -1.47 -0.151 -1.20
Female (%) 0.018 0.79 0.001 0.63 0.027 1.21 0.001 0.97
Organizational structure 1.325 2.55%*x 0.036 1.31 1.340 2.50%** 0.035 1.21
Mission, goals and strategy -1.973 -2.46%** -0.109 -2.45%* 2011 -2.26%* -0.108 -2.26%*
Consensus about the goals 0.278 0.84 0.041 1.96* 256 0.77 0.044 2.01%*
Decision making
Influence of teachers 0.613 0.83 0.035 0.78
Bottom-up planning -.338 -0.58 -0.013 -0.38
Principal proposal, educ.
committee decisions in
hiring new teachers 1.253 1.88% 0.016 0.49 1.221 1.69%* 0.015 0.40
Educ. committee proposals
and decisions in hiring new
teachers 0.568 0.85 -0.005 -0.12 0.649 0.93 0.009 0.21
Proportion of efficient schools 32/55 27/55 33/55 28/55
Proportion of right predictions 72.7 76.4
Pseudo R? 317 33.0
Log-likelihood -27.406 11.152 -25.061 9.904
**kp <0.01 **p<0.05 *p<0.1
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Staff development plans were completed in some 40% of the schools
(see Appendix 10). They were made more often in efficient schools.
Estimates of principals concerning the participation of teachers
in training were higher in inefficient schools. In about half of the
schools principals reported that they did not have any individual
discussions or monitoring sessions with teachers. In about one third
of the schools these sessions were conducted once a school year.
There were no differences between efficient and inefficient schools
with these practices. Some 20% of the schools in both groups had
been involved in some development projects.

Staft development and monitoring practices were tested in probit
model 2C. Inthismodel admission level was not statistically significant
whereas the heterogeneity of the student body affected negatively
on PE at 5% significance level. Concerning the development and
monitoring practices, PE increased the less teachers participated
in training' (at 5% significance level) and the less there were joint
teaching projects across different subjects (at 5% significance level).
Staff development plans, monitoring of the performance of teachers
and students were not related to efficiency. In tobit models, only
participation of teachers in training affected negatively on PE at 10%
significance level. Other organizational factors were statistically
insignificant in explaining PE.

5 In Kirjavainen (1997) the content of training and organizers of training were also
discussed. In efficient schools principals estimated the amount of training taking place in
universities and training concerning pedagogic skills somewhat higher than principals of
inefficient schools. Apart from these results there were no differences between efficient and
inefficient schools.
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Table 6. Parameter estimates of probit and tobit
models. Variables related to student body,
staff development, monitoring, development
of instruction, parent-school relations, and
satisfaction

Probit 2C Tobit 2C (Model 5) Probit 2D Tobit 2D (Model 5)

Coefficient  z-ratio  Coefficient t-ratio  Coefficient z-ratio  Coefficien t-ratio

Constant 0.031 0.01 1.093 7.69%** 6.517 1.23 1.338 4.84%%*

Student body composition

Admission level 0.427 0.96 0.218 0.45

Heterogeneity -3.918 -2.08%* -0.197 -1.74* -4.365 -2.42%%* -0.227 -2.05%*

Female (%) 0.024 1.50 0.002 1.46 0.030 1.50 0.002 1.58
Staff development and
monitoring

Plans 0.623 1.43 0.035 1.25

Participation in training -0.427 -2.10%* -0.024 -1.90%*

Monitoring of teachers 0.090 0.46 0.014 1.08

Monitoring of students 0.131 1.10 0.010 1.13
Development of instruction

Participation in projects -0.044 -0.08 -0.052 -1.49

Teaching across subjects -0.350 -2.06%* -0.013 -1.32
Policy of parent-school relations 0.072 0.17 0.009 0.29
Active clubs 0.146 1.91* 0.004 0.85
Overall satisfaction -0.231 -0.59 -0.025 -0.92
Satisfaction with teachers -0.536 -1.43 -0.010 -0.44
Getting things done with
teachers -0.111 0.26 -0.002 -0.07
Proportion of efficient schools 32/61 29/61 32/60 26/60
Proportion of right predictions 70.5 76.7
Pseudo R’ 28.6 23.8
Log-likelihood -30.150 14.687 -31.581 16.741

k< 0.01 #%p < 0.05 *p<0.1
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In probit and tobit models 2D a mixture of additional factors were
tested (see also Appendix 11). Concerning policy of parent-school
relations, one third of the schools had school bulletins, parent
association and other activities in addition to parent meetings. They
were more common in efficient schools. There were on average some
3 active clubs in the schools. The number of active clubs was higher
in efficient schools than in inefficient schools. Overall, principals
were quite satisfied with their school and teachers and there were
no clear differences in this matter between efficient and inefficient
schools.

In probit and tobit models including these factors as explanatory
variables, heterogeneity of the student body decreased efficiency
at 5% significance level. Other factors related to student body
composition were statistically insignificant in explaining efficiency.
Variables related to policy of parent-school relations and principals’
satisfaction were also statistically insignificant in explaining
efficiency. The number of active clubs and efficiency were positively
related in probit model 2D at 10% significance level.

6. Conclusions

This study first estimated the efficiency differences of Finnish general
upper secondary schools with five different DEA models. According
to results there were efficiency differences between the schools. These
differences varied depending on the model. The average efficiency
was between 71% and 94% indicating that for instance in the latter
case schools could have used on average 6% less of their inputs to
produce their outputs.

In the second stage, schools among the 15% most (high performers)
and least efficient (low performers) ones in at least one of three
different DEA models were further analyzed with statistical probit
and tobit models. The second stage analysis contained information
on 73 schools and it was based on survey data. The survey included
information on student body, parent school relations, school
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management, staff development and monitoring, development of
instruction, and materials and facilities of the schools.

Admission level and some other student characteristics were not
included in DEA models affecting the choice of the schools for the
second stage analysis. Therefore, they were included as controls
in the second stage analysis. According to results, schools with
higher admittance level, less heterogeneous student body and higher
proportion of female students were more likely to be efficient in some
models.

Concerning teachers’ education and experience and parental
involvement, they were statistically insignificant in predicting the
probability of being efficient. Schools reporting lack in facilities were
more likely to be efficient. Schools in densely populated areas were
somewhat more likely to be efficient than schools in urban areas,
whereas schools in rural areas were not different from schools in
urban areas.

The effect of organizational characteristics was studied in four different
models. In general, coefficients depicting these factors were fairly
unstable. Schools having organization structure with management
group or other working groups responsible for the preparation of
tasks related to school and instruction were more likely to be efficient.
The use of such management tools as mission statement, goals, and
strategy decreased the probability of being efficient. Consensus about
the school goals lowered efficiency in some models. Other factors,
such as influence of teachers in decision making and autonomy of
schools in making hiring decisions of new teachers, were only weakly
related to efficiency in some models.

The effect of development and monitoring practices were also fairly
unstable and somewhat surprising. In some models, the probability
of being efficient increased the less teachers participated in training
and the less there were joint teaching projects crossing subject
boundaries. The preparation of staff development plans or monitoring
performance of teachers and students were not related to efficiency.
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Policies concerning parent-school relations and the satisfaction of
principals on the overall operation of the school, on the work of the
teachers and on the cooperation with the teachers were not related
to efficiency. Schools with higher number of active clubs were more
likely to be efficient.

To conclude, there are efficiency differences between schools and
they are dependent on the DEA model used. However, only few
organizational practices were related to these differences and these
results were not robust to model specifications. Therefore, studies
concentrating only on the top performing schools when investigating
factors related to efficiency may give somewhat distorted picture
on the possibilities to improve efficiency. Concerning student
background factors, their influence is more robust and in accordance
with the expectations.

References

Banker, R. D. — Charnes, A. — Cooper, W. W. (1984): Some Models for Estimating
Technical and Scale Inefficiencies in Data Envelopment Analysis. Management
Science 30, 1078-1092.

Bessent, A. — Bessent, W. (1980): Determining the Comparative Efficiency of
Schools through Data Envelopment Analysis. Educational Administration
Quarterly 16, 57-75.

Bessent, A. — Bessent, W. — Charnes, A. — Cooper, W. - Thorogood, N. (1983):
Evaluation of Educational Program Proposals by Means of DEA. Educational
Administration Quarterly 19, 82—107.

Bessent, A. — Bessent, W. — Elam, J. — Long, D. (1984): Educational Productivity
Council Employs Management Science Methods to Improve Educational Quality.
Interfaces 14, 1-8.

Bessent, A. — Bessent, W. — Kennington, J. — Reagan, B. (1982): An Application of
Mathematical Programming to Assess Productivity in the Houston Independent
School District. Management Science 28, 1355-1367.

Bonesrenning, H. — Rattsg, J. (1994): Efficiency Variation Among the Norwegian
High Schools: Consequences of Equalization Policy. Economics of Education
Review 13, 289-304.

35



Bradley, S. — Johnes, G. — Millington, J. (2001): The Effect of Competition on the
Efficiency of Secondary Schools in England. European Journal of Operational
Research 135, 545-568.

Charnes, A. — Cooper, W. W. — Rhodes, E. (1981): Evaluating Program and
Managerial Efficiency: An Application of Data Envelopment Analysis to Program
Follow Through. Management Science 27, 668—697.

Charnes, A. — Cooper, W. W. — Rhodes, E. (1978): Measuring the Efficiency of
Decision Making Units. European Journal of Operational Research 2, 429—
444,

Chubb, J. E. — Moe, T. M. (1990): Politics, Markets and America’s Schools.
Washington D.C.: The Brookings Institution.

Dodd, A. (2006): Investigating the Effective Use of Resources in Secondary
Schools. Research Report to DfES. Reserch Report No 779. London: Hedra plc.

Duncombe, W. — Miner, J. — Ruggiero, J. (1997): Empirical Evaluation of
Bureaucratic Models of Inefficiency. Public Choice 93, 1-18.

Fried, H. — Lovell, K. C. A. — Schmidt, S. S., (eds.) (2008): The Measurement of
Productive Efficiency and Productivity Growth. New York: Oxford University
Press.

Fére,R.—Grosskopf, S.—Weber, W. (1989): Measuring School District Performance.
Public Finance Quarterly 17, 409—428.

Jakku-Sihvonen, R. (1994): General Upper Secondary School as a Working
Environment of Principal and Teacher (in Finland). In Jakku-Sihvonen, R.
— Blom, H. (eds.) Lukion tila 1994. Helsinki: Opetushallitus.

Jesson, D. — Mayston, D. — Smith, P. (1987): Performance Assessment in the
Education Sector: Educational and Economic Perspectives. Oxford Review of
Education 13, 249-266.

Kirjavainen, T. (1999): Efficiency of Finnish Senior Secondary Schools: Explaining
High and Low Performance with Resources, Environmental, and Organizational
Factors. Helsinki School of Economics and Business Administration Working
Papers W-221. Helsinki: Helsinki School of Economics and Business
Administration.

Kirjavainen, T. (1997): Efficiency of Schools: The Impact of Environmental and
Organizational Factors on Efficiency Measured by DEA. Licentiate Thesis.
Helsinki: Helsinki School of Economics and Business Administration.

36



Efficiency of Schools: Explaining high and low performance

Kirjavainen, T. — Loikkanen, H. A. (1998): Efficiency Differences of Finnish Senior
Secondary Schools: An Application of DEA and Tobit-Analysis. Economics of
Education Review 17, 377-394.

Kirjavainen, T. — Loikkanen, H. A. (1993): On Efficiency Differences of Finnish
Senior Secondary Schools (in Finnish). VATT-research reports no. 16. Helsinki:
Government Institute for Economic Research.

Lee, V. E. — Bryk, A. S. — Smith, J. B. (1993): The Organization of Effective
Secondary Schools in L. Dardling Hammond (ed.) Review of Research in
Education 19. Washington D.C.: American Educational Research Association.

Levin, H. M. (1997): Raising School Productivity: An X-Efficiency Approach.
Economics of Education Review 16, 303-311.

Levine, D. U. (1992): An Interpretive Review of US Research and Practice Dealing
with Unusually Effective Schools. In D. Reynolds and P. Cuttance (eds.) School
Effectiveness. Research, Policy and Practice. London: Cassell.

Ludwin, W. — Guthrie, T. (1989): Assessing Productivity with Data Envelopment
Analysis. Public Productivity Review 12,361-372.

Maddala, G. S. (1983): Limited-Dependent and Qualitative Variables in
Econometrics. Econometric Society Monographs No. 3. Cambridge University
Press: Cambridge.

McCarty, T. A. — Yaisawarng, S. (1993): Technical Efficiency in New Jersey
School Districts, in Fried et al. (eds.) The Measurement of Productive Efficiency.
Techniques and Applications. New York: Oxford University Press.

Mayston, D. —Jesson, D. (1988): Developing Models of Educational Accountability.
Oxford Review of Education 14, 321-339.

Portela M. C. — Camanho, A. S. (2007): Performance Assessment of Portuguese
Secondary Schools. Working paper, economics 07/2007. Universidade catolica
Portuguesa (Porto). http://dspace.feg.porto.ucp.pt:8080/dspace/bitstream/2386/1
00/1/072007+Portela+e+Camanho+-+Performance+assessment+of+portuguese
+secondary+schools.pdf.

Purkey, S. C. — Smith, M. S. (1983): Effective Schools: A Review. The Elementary
School Journal 83, 427-452.

Ray, S. C. (1991): Resource-use Efficiency in Public Schools: A Study of
Connecticut Data. Management Science 37, 1620—1628.

Reynolds, D. — Creemers, B. — Nesselrodt, P. — Schaffer, E. v Stringfield, S.
— Teddlie, C. (1994): Advances in School Effectiveness Research and Practice.
Oxford: Pergamon.

37



Reynolds, D. (1992): School Effectiveness and School Improvement: An Updated
Review of the British Literature. In D. Reynolds and P. Cuttance (eds.) School
Effectiveness. Research, policy and practice. London: Cassell.

Sammons, P. (1999): School Effectiveness. Coming of Age in the Twenty-First
Century. Lisse: Swets & Zeitlinger.

Sammons, P. — Thomas, S. — Mortimore, P. — Walker, A. — Cairns, R. — Bausor,
J. (1998): Understanding Differences in Academic Effectiveness: Practitioners’
Views. School Effectiveness and School Improvement 9, 286-309.

Scheerens, J. — Bosker, R. (1997): The Foundations of Educational Effectiveness.
Oxford/New York/Tokyo: Pergamon.

Sengupta, J. K. — Sfeir, R. (1986): Production Frontier Estimates of Scale in Public
Schools in California. Economics of Education Review 5, 297-307.

Smith, P. — Mayston, D. (1987): Measuring Efficiency in the Public Sector. OMEGA
International Journal of Management Science 15, 181-189.

Teddlie, C. — Reynolds, D. (2000): The International Handbook of School
Effectiveness Research. London/New York: Routledge.

Waldo, S. (2003): Efficiency in Education. Ph.D. Thesis. Department of Economics,
Lund University.

38



Efficiency of Schools: Explaining high and low performance

Appendices
Appendix 1. Average efficiencies, matriculation examination
grades, school size, and type of municipality of
efficient and inefficient schools (Grouping 1) in
the survey sample and respondents
Efficient schools Inefficient schools
Original Original
group Final data group Final data
Efficiency scores (N=58) (N=40) (N=72) (N=33)
Model 1 (CRS) 76.78 74.62 62.19 62.45
Model 1 (VRS) 82.00 80.78 65.53 66.24
Model 2 (CRS) 92.39 93.05 76.52 78.25
Model 2 (VRS) 97.49 97.84 78.02 79.84
Model 3 (CRS) 94.04 94.85 77.82 79.49
Model 3 (VRS) 99.19 99.28 79.41 81.01
Model 4 (CRS) 91.94 92.93 74.56 75.26
Model 4 (VRS) 97.35 97.56 75.71 76.19
Model 5 (CRS) 96.93 97.56 88.07 88.80
Model5 (VRS) 99.59 99.70 89.67 90.20
Average scores in the
matriculation examination 4.28 431 4.17 4.04
School size 231 207 139 131
Parental education 2.92 2.85 3.16 3.04
Admission level 6.99 7.02 6.78 6.79
Type of municipality
Urban (%) 44.8 325 44.4 394
Densely populated area (%) 17.2 22.5 13.9 9.1
Rural (%) 37.9 45.0 41.7 51.5
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Appendix 2. Summary statistics of the variables in DEA

analyses

Mean Std. dev. Min. Max.
Inputs
Number of teaching and other hours per week 202.4 97.2 50.8 616.7
Parental education 168.0 113.9 18.0 894.6
Admission level 369.22 221.22 59.76 1487.5
Education of teachers 10.7 43 3 325
Experience of teachers 54.7 27.6 2 174.0
Outputs
Number of students who were moved up 177.1 97.2 26.5 603.5
Number of students taking the matriculation examination 53.5 30.1 9.0 186.0
Total number of scores in the matriculation examination 1175.5 701.2 182.0 4788.0

40



Efficiency of Schools: Explaining high and low performance

Appendix 3. Description and source of variables
Variable name Definition Source
INPUTS AND OUTPUTS IN DEA-MODELS

Number of teaching and Measured in weeks. Average over the school years of 1989-91. Unfortunately, it ~ Official

other hours per week was not possible to obtain information on teaching and other hours concerning register
the first school year 1988-89 when the students graduating in the spring of 1991
started their school.

Education of teachers Number of teachers with at least master’s degree. Average over 1989-91. Official

register

Experience of teachers Cumulative teachers’ experience. Average over the years 1989-91. Lacking Official
direct information salary information is utilized since teachers get upperity register
bonuses according to a certain time schedule. The information on teacher specific
bonuses indirectly based on the number years they have taught is used to
calculate a proxy variable of teacher experience.

Parental education The variable is constructed by multiplying the average educational level of both Official
biological parents whose children matriculated in the spring of 1991 by the register
number of students taking matriculation examination. Parents’ educational level
is measured by giving points for degrees as follows: 1.5 = no other degrees than
comprehensive school diploma. 3 = lowest vocational degree (approximately 10-

11 years of schooling). 4 = medium vocational degree (approximately 12 years of
schooling). 5 = highest vocational degree, not a university degree (13-14 years of
schooling). 6 = bachelor’s degree. 7 = master’s degree. 8 = post graduate degree.
The detailed information on parents’ educational level was obtained from
Statistics Finland.

Admission level Students to general upper secondary schools are chosen on the basis of Official
comprehensive school grade point average. The grades are given by teachers. register
Admission level is the grade of the last accepted student. Grades range from 4 to
10. The grade is multiplied by the number of students in the first grade.

Number of students who ~ An average over the school years from 1989 to 1991. Official

were moved up register

Number of students Spring of 1991. Official

taking the matriculation register

examination

Total number of scores in A cumulative sum over the scores of all students participating in matriculation Official

the matriculation examination both in compulsory and optional subjects in the spring of 1991. The  register

examination

matriculation examination score in each subject has a range from one (improbatur =
fail) to six (laudatur). The grade in compulsory subjects consists of mother
tongue, the second national language of the country, foreign language, and
mathematics (comprehensive or a short course) or science and humanities.
Optional subjects may include grades in foreign language, mathematics (short
course), and science and humanities. The science and humanities examination
covers a wide range of subjects. Because students may choose the questions they
answer the same score in the matriculation examination can be achieved in
various ways.
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Appendix 3.

continues

VARIABLES EXPLAINING EFFICIENCY

RESOURCES AND ENVIRONMENTAL CHARACTERISTICS

Admission level Comprehensive school grade point average of the last accepted student. Offical
register
Education of teachers Proportion of teachers with at least a master’s degree. Average over the years Official
1989-91. register
Experience of teachers Average experience of teachers. Average over the years 1989-1991. Official
register
Heterogeneity Within school standard deviation of average grades given by teachers at the end Official
of general upper secondary school. Grades range from 4 to 10. register
Female Proportion of female students. Official
register
Attendance of parents in Coded from closed question of how large proportion of parents attended parent Survey
parent meetings meetings in general. 1=less than 25 %; 2=25-50 %; 3=over 50 %. Principals’
estimate.
Facilities An average over following three questions concerning facilities of schools. Did Survey
you have large enough classrooms? 1=Yes; 2=Yes, with some exceptions;
3=There was not enough room in the classrooms. Did the quality of classrooms
(e.g. the shortage of special classes) restrict the schoolwork? 0=Never;
1=Sometimes; 2=Often; 3=Very often. Did the quality of equipment restrict the
schoolwork? 0=Never; 1=Sometimes; 2=Often; 3=Very often. Principal’s
estimate.
Municipality type A dummy structure. Urban area=Urban; Densely populated area=Dense; Rural Official
area=reference case. register
ORGANIZATIONAL CHARACTERISTICS
Organizational structure A variable indicating whether the school had something else than a traditional Survey
organizational structure. Coded from an open question in which principals were
asked to characterize their organization of school by drawing a chart. 0=No;
1=Yes.
Mission, goals and Average over three questions. Did the school have a mission statement? 0=No: Survey
strategy 1=Yes; Did the school have determined goals? 0=No; 1=Yes; Did the school
have a strategy? 0=No; 1=Yes.
Consensus about goals Estimate of the principal about the consensus of goals among teachers. How Survey
much there was consensus among teachers about the school goals? 1=Very
much; 2=To some extent; 3=Disagreement to some extent; 4=Disagreement to
large extent.
Influence of teachers in Indicates if teachers were involved in making proposals or decision in the Survey

decision making

following matters. An average over the following four factors: a) Goals and
strategy of the school, b) allocation of resources, c¢) allocation of teacher
resources. 0=No; 1=Yes.
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continues

Bottom-up planning

Hiring of teachers

Plans

Participation in training

Monitoring of teachers

Monitoring of students

Participation in projects

Teaching across subjects

Policy of parent-school
relations

No. of active clubs

Overall satisfaction

Satisfaction concerning
preparation of teachers

Getting things done

Indicates if the school was classified as having a bottom-up short-range planning
process. 0=No; 1=Yes. Coded from an open question.

A dummy structure. Reference case=Principal made proposals and
principal/local school board made decisions; Principal made proposals and
education committee decisions; Education committee made proposals and
decisions.

Indicates if development plans were made in the school. 0=No; 1=Yes.

Coded from a closed question. Indicates how large proportion of teachers
participated more than three days a school year in training. 0=None of the
teachers participated at least three days a year in training; 1=Less than 25 %;
2=25-50 %; 3=51-75 %; 4=over 75 %.

Coded from a closed question. Indicates how often principals had personal
monitoring sessions with teachers. 0=Did not have sessions; 1=Had a session
once a school year; 2=Had a session once a semester; 3=Had a session more than
once a semester.

Indicates the number of times the performance of students was monitored
together with the teachers in a semester.

A dummy indicating if school was taking part to any larger development project
organized by the school, municipality or e.g. Finnish national board of education.
0=No; 1=Yes.

Number of joint projects across different subjects. Principal’s estimate.

A dummy variable. Coded from an open question stating the policy of parent-
school relations. Schools indicating as having no particular policy, or just having
regular parent meetings were the reference case. In the comparison group schools
had in addition to parent meetings school bulletins, parent associations, or other
activities.

Average number of active clubs during the research period. Estimate of the
principal.

Grading of the principal (from 4 to 10) for the following factors: overall
operation of the school, work of teachers, work of counselor, work of students,
work of other staff, support of parents for the school, relations between school
board and the school, and relations between the municipality and the school.
Average over all factors.

Indicates satisfaction of the principal (grade from 4 to 10) with the preparation of
classroom work of teachers.

Indicates opinion of the principal of how easy it was to get things done with the
teachers. 1=Easy; 2=Fairly easy; 3=Fairly difficult; 4=Difficult.

Survey

Survey

Survey

Survey

Survey

Survey

Survey

Survey

Survey

Survey

Survey

Survey

Survey
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Appendix 4. Changes in the group of 15% most and least
efficient schools in models 2, 3, or 4 assuming
variable returns to scale (Grouping 1). All
schools. Percentage share in parentheses

Group of inefficient schools

Model 1 Model 2 Model 3 Model 4 Model 5
Model 1 46 (100)
Model 2 20 (44) 46 (100)
Model 3 17 (37) 38 (83) 46 (100)
Model 4 17 (37) 24 (52) 28 (61) 46 (100)
Model 5 9 (20) 22 (48) 25 (54) 24 (52) 46 (100)
Group of efficient school
Model 1 Model 2 Model 3 Model Model 5
Model 1 46 (100)
Model 2 22 (48) 46 (100)
Model 3 22 (48) 39 (85) 46 (100)
Model 4 20 (44) 34 (74) 37 (80) 46 (100)
Model 5 23 (50) 37 (80) 42 (91) 35 (76) 73 (100)
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Appendix 5.

Changes in the group of 15% most and least

efficient schools in models 2, 3, or 4 assuming
variable returns to scale (Grouping 1). Survey
respondents. Percentage share in parentheses

Group of inefficient schools

Model 1
Model 2
Model 3

Model 4
Model 5

Group of efficient schools

Model 1
Model 2
Model 3

Model 4
Model 5

Model 1 Model 2 Model 3 Model 4 Model 5
15 (100)

6 (40) 17 (100)

533) 14 (82) 18 (100)

6 (40) 9(53) 10 (56) 22 (100)

2 (13) 8 (47) 8 (44) 9(41) 11 (100)
Model 1 Model 2 Model 3 Model 4 Model 5
16 (100)

15 (94) 34 (100)

15 (94) 28 (82) 32 (100)

14 (88) 26 (77) 27 (84) 32 (100)

14 (88) 28 (82) 30 (94) 26 (94) 34 (100)
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Appendix 6. Grouping of schools based on their efficiency
scores in models 2, 3, 4 and 5

Grouping 1 Efficient: School is in the group of 15% most efficient ones in at least one of the models 2, 3 or 4

assuming variable returns to scale.

Inefficient: School is in the group of 15% least efficient schools in at least one of the models 2, 3 or 4

assuming variable returns to scale.
This grouping correspond the grouping used in probit models.
Grouping 2 Efficient: School is at the efficiency frontier (efficiency score=100) in model 5 assuming variable

returns to scale. Because of the method, schools are also at the efficiency frontier in models 2, 3, and

4.
Inefficient: School is not at the efficiency frontier in model 5 assuming variable returns to scale.
This grouping corresponds the grouping used in tobit models.

Grouping 3 Efficient: School is in the group of 15% most efficient schools in all models 2, 3, 4 and 5 assuming
variable returns to scale.
Inefficient: School is not in the group of 15% most efficient schools in models 2, 3, 4 and 5 assuming
variable returns to scale.

Grouping 4 Efficient: School is in the group of 15% most efficient schools in all models 2, 3, 4 and 5 assuming
variable returns to scale.

Inefficient: School is in the group of 15% least efficient schools in all models 2, 3, 4 and 5 assuming

variable returns to scale.
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Appendix 7. Summary statistics of the variables used in
explaining efficiency differences

N Mean Std. dev. Min. Max.

RESOURCES AND ENVIRONMENTAL CHARACTERISTICS

Student body composition

Admission level 73 6.92 0.51 591 8.50

Heterogeneity 73 0.89 0.12 0.52 1.14

Female (%) 73 60.80 11.43 29.41 87.50
Education of teachers 73 0.83 0.11 0.53 1.00
Experience of teachers 73 3.39 0.70 1.22 4.80
Parental involvement

Attendance in parent meetings 71 2.52 0.58 1.00 3.00
Facilities 73 1.47 0.64 0.33 3.00
Municipality type

Rural 73 0.479 0.50 0.00 1.00

Dense 73 0.164 0.37 0.00 1.00

ORGANIZATIONAL CHARACTERISTICS

Organizational structure 62 0.37 0.49 0.00 1.00
Mission, goals and strategy 67 0.72 0.31 0.00 1.00
Consensus about the goals 70 1.54 0.70 1.00 4.00
Decision making

Influence of teachers 61 0.62 0.31 0.00 1.00

Bottom-up planning 65 0.69 0.47 0.00 1.00

Principal proposal, educ. committee 62 0.50 0.50 0.00 1.00

decisions in hiring new teachers

Educ. committee proposals & decisions 62 0.31 0.46 0.00 1.00

in hiring new teachers

Staft development and monitoring

Plans 66 0.42 0.50 0.00 1.00
Participation in training 70 3.10 1.12 1.00 5.00
Monitoring of teachers 69 0.81 1.02 0.00 3.00
Monitoring of students 70 5.14 1.65 1.00 12.00
Development of instruction
Participation in projects 71 0.21 0.41 0.00 1.00
Joint teaching projects 68 1.47 1.41 0.00 5.00
Policy of parent-school relations 64 0.38 0.49 0.00 1.00
No. of active clubs 71 3.46 2.68 0.00 13.00
Overall satisfaction 68 8.41 0.56 7.13 9.50
Satisfaction with teachers preparation 67 8.63 0.61 7.00 10.00
Getting things done with teachers 69 1.61 0.52 1.00 3.00
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Appendix 8.

Mean differences in student and teacher
characteristics, and school facilities between
efficient and inefficient schools based on different

groupings of schools. Number of schools in

parentheses
Grouping 1 Grouping 2 Grouping 3 Grouping 4
Efficient Inefficient  Efficient Inefficient  Efficient Inefficient  Efficient Inefficient
Student body
composition
Admission level 7.02%* 6.79%*
(40) (33)
Heterogeneity 0.86%** 0.93%%** 0.86%** 0.92%** 0.84%** 0.92%** 0.84%** 0.96**
(40) (33) (34) (39) (22) (51) (22) (6)
Females 63%* 58%* 63* 59% 64* 60* 64 61
(40) (33) (34) (39) (22) (1) (22) (6)
Education of 81.40* 85.34*
teachers (40) (33)
Experience of 3.40 (40)  3.39(33)
teachers
Physical facilities 1.64%** 1.26%** 1.67%** 1.29%** 1.65 (22) 1.39 (51) 1.64 (22) 1.39 (6)
(40) (33) (34) (39)
Dense (%) 23 (40) 9 (33) 24 (34) 10 (39) 27 (22) 12 (51) 27 (22) 17 (6)
Rural (%) 45 (40) 52 (33) 44 (34) 51 (39) 41 (22) 51 (51) 41 (22) 17 (6)

*t-test significant at 10 %, **t-test significant at 5 %, ***t-test significant at 1 %
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Appendix 9. Differences in organization structure, decision
making and goals in efficient and inefficient
schools based on different groupings. Number of
schools in parentheses

Grouping 1 Grouping 2 Grouping 3 Grouping 4

Efficient Inefficient Efficient Inefficient Efficient Inefficient Efficient Inefficient

Organizational structure

Organization with no

management or other

assisting group (%) 56 (20) 73 (19) 61 (19) 65 (20) 57(12) 66 (27) 57 (12) 80 (4)
Organization with

management group or other

similar body (%) 44 (16) 27(7) 39 (12) 35(1D) 43 (9) 34 (14) 43(9) 20 (1)
Decision making

Top-down (%) 39 (14) 21 (6) 31(10) 30 (10) 24 (5) 34 (15) 24 (5) 17 (1)

Bottom-up (%) 61 (22) 79 (23) 69 (22) 70 (23)  76(16) 66 (29) 76 (16) 83 (5)
Teachers' influence in decision making

Low (%) 9(3) 4(1) 7(2) 6(2) 11(2) 5(2) 11(2) 17 (1)

Quite low (%) 27 (9) 36 (10) 29 (8) 33(11) 28 (5) 33 (14) 28 (5) 33(2)

Quite high (%) 24 (8) 39(11) 25(7) 36 (12) 17 (3) 37 (16) 17 (3) 50 (3)

High (%) 39 (13) 21 (6) 39(11) 24 (8) 44 (8) 26 (11) 44 (8) 0(0)

Autonomy of schools in hiring new teachers

Principal makes proposals
and principal/local school
board decisions (%) 15 (5) 24 (7) 22 (4) 18 (8) 18 (5) 21(7) 22 (4) 17 (1)

Principal makes proposals

and local school board

decisions (%) 61 (20) 38 (1) 44 (8) 52(52)  54(15)  47(16) 44 (8) 33(2)
Local school board makes

proposals and decisions

(%) 24 (8) 38(11) 33 (6) 30(13) 29 (8) 32(11) 33 (6) 50 (3)
Consensus about the goals

Very unanemous (%) 47 (18) 66 (21) 45 (15) 65(24) 48(10)  59(29) 48 (10) 67 (4)

Unanemous (%) 42 (16) 28 (28) 42 (14) 30(1D) 38(8) 35(17) 38 (8) 33(2)

Disagreeing (%) 8(3) 6(2) 9(3) 5(2) 10 (2) 6(3) 10 (2) 0(0)

Very disagreeing (%) 3(D) 0(0) 3(1) 0(0) 5(1) 0(0) 5(1) 0(0)
Mission, goals and strategy 0.67(37) 0.78 (30) 0.70(32) 0.73(35) 0.65(21) 0.75(46) 0.65* (21) 0.94* (6)
Clearly defined goals (%) 87 (33) 91 (29) 88 (28) 89(34) 86(18) 90 (44 86 (18) 90 (5)

*t-test significant at 10 %
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Appendix 10. Differences in staff development, teacher training
and monitoring of students and teachers in
efficient and inefficient schools based on different
groupings. Number of schools in parentheses

Grouping 1 Grouping 2 Grouping 3 Grouping 4

Efficient Inefficient Efficient Inefficient Efficient Inefficient Efficient Inefficient

Staff development plans
No plans (%) 54(19) 61(19) 52(16) 63(22) 50 (10) 61(28) 50(10) 67 (4)
Plans (%) 46 (16)  39(12) 48(15) 37(13) 50 (10) 39(18)  50(10) 33(2)
Participation in training
Teachers did not participate

in training (%) 3(D) 0(0) 3(1) 0(0) 5(1) 0(0) 5(1) 0(0)
Less than 25% of teachers

participated (%) 47 (18) 25(8) 41 (13)  34(13) 50 (10) 32 (16) 50 (10) 33(2)
25-50% of teachers

participated (%) 32 (12) 22 (7) 34 (11) 21 (8) 25(5) 28 (14) 25 (5) 33(2)
50-75% of teachers

participated (%) 3(1) 38(12) 9(3) 26 (10) 5(1) 24 (12) 5(1) 33(2)
Over 75% of teachers

participated (%) 16 (11) 16 (5) 13 (4) 18 (7) 15(3) 16 (8) 15(3) 0(0)

Monitoring of teachers
No monitoring sessions (%) 51(19) 50(16) 47(15) 54(20) 57 (12) 48 (23) 57(12) 50 (3)

Session once a year (%) 27 (10)  31(10) 28 (9) 30 (11) 24 (5) 31 (15) 24 (5) 33(2)
Session once a semester (%) 14 (5) 3(1) 16 (5) 3(1) 10 (2) 8(4) 10 (2) 0(0)
Session more often (%) 8() 16 (5) 9() 14 (5) 10 (2) 13 (6) 10 (2) 17 (1)
Participation in teaching projects
Yes (%) 23.(9) 19 (6) 18 (6) 24 (9) 23 (5) 20 (10) 23 (5) 50 (3)
Ave. number of teaching projects
across subjects 1.2(37) 1.831) 1232 1.7(36) 1.1 (20) 1.6 (48) 1.1(20) 1.8(6)

Bold = likelihood ratio chi2 significant at 10 % level
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Appendix 11. Differences in cooperation, parent-school
policies, and principals’ satisfaction in efficient
and inefficient schools based on different
groupings. Number of schools in parentheses

Grouping 1 Grouping 2 Grouping 3 Grouping 4

Efficient Inefficient Efficient Inefficient Efficient Inefficient Efficient Inefficient

Cooperation with teachers

Easy (%) 35(13) 47 (15) 41 (13) 41 (15) 33(7) 44 (21) 33(7) 67 (4)

Fairly easy (%) 62 (23) 53 (17) 56 (18) 59(22)  62(13) 56(27) 62 (13) 33(2)

Fairly difficult (%) 3(1) 0(0) 3(D 0(0) 5(1) 0(0) 5(1) 0(0)

Difficult (%) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0) 0(0)
Policy of parents-school relations

Parent meetings (%) 53(19) 75 (21) 45 (13) 77 (27) 42 (8) 71 (32) 42 (8) 50 (3)

Meetings, bulletins, parents'

association etc. (%) 47 (17) 25(7) 55(16) 23 (8) 58(11)  29(13) 58 (11) 50 (3)
Number of clubs in the school ~ 4.0* (39) 2.8%(32) 3.7(33) 33(38) 32(21) 3.6(50 3221 1.9 (6)
Overall satisfaction (mean) 8.4(37) 8531 8.3(31) 8537) 84((21) 8447 8421 8.4 (6)

Satisfaction of principals with
the preparation of classroom
work of teachers (mean) 85(36) 88(32) 85(30) 87(38) 84(19) 8749 8419 8.7 (6)

Satisfaction of principals with
the working together with the
teachers (mean) 8537 87(0) 86(31) 86(36) 86(21) 86(46) 8.6(21) 8.8 (6)

Bold = likelihood ratio chi2 significant at 10 % level; italics = likelihood ratio chi2 significant at 5 % level; bold and
italics = likelihood ratio chi2 significant at 1 % level: * = t-test significant at 10 % level
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Efficiency of Finnish General Upper Secondary Schools

EFFICIENCY OF FINNISH GENERAL
UPPER SECONDARY SCHOOLS:

AN APPLICATION OF STOCHASTIC
FRONTIER ANALYSIS WITH PANEL
DATA

Tanja Kirjavainen

Abstract

In this study the efficiency of Finnish general upper secondary schools
is evaluated with stochastic frontier analysis. Different stochastic
frontier models for panel data are used to estimate education
production functions. Grades in the matriculation examination are
used as output and explained with the comprehensive school grade
point average, parental socioeconomic background, school resources,
the length of studies and decentralization of test taking. Controls
for the schools with specialized curriculum are also included.
Heterogeneity across schools is allowed for by estimating both true
random and true fixed effects models. The results show that the effect
of teaching resources on examination results is negative when the
heterogeneity across schools is taken into account. The length of
studies and decentralization of test taking negatively affect student
achievement. The inefficiency and the rankings of schools based
on their inefficiency scores varies considerably depending on the
type of stochastic frontier model applied. The lowest estimates for
inefficiency were obtained with true random and true fixed effects
models which separate time constant random or fixed effects from
inefficiency.

Key words: Efficiency, Stochastic frontier analysis, Secondary
schools (JEL I121)
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Efficiency of Finnish General Upper Secondary Schools

1. Introduction

In industrialized countries the importance of high quality education
as a source of well-being and economic growth is widely recognized.
In most of these countries, education is publicly provided. Rising
educational expenditures are another common feature for them and
because of the aging population and increased global competition,
governments are facing additional pressures in financing. Education,
along with other sectors, is competing for resources to an increasing
extent. In such a situation, enhancing the productivity and efficiency
of the schooling system and individual schools is one way to
maintain or even improve the provision of good quality education.
The importance of the topic has also been widely recognized within
the OECD and EU (see e.g. Gonand et al., 2007, Sutherland ef al.,
2007 and Wossmann and Schiitz, 2006).

Measurement of efficiency in education is by no means straight
forward. There are several features that make it controversial or at least
complicated. Since education is often publicly funded, information
on input and output prices is usually missing. In some cases, there
is no clear consensus (at least amongst the practitioners) on what
the ‘real’ outputs are and how they should be measured. The same
applies also to schooling inputs. Even if the understanding is reached,
the process involves several inputs and outputs. In addition, some of
the inputs are not controllable by schooling institutions even though
their influence on outputs is evident. Despite these difficulties, there
is plenty of research on educational production functions.'

Several methodological approaches have been used to overcome
problems in educational efficiency measurement. They all have their
advantages and shortcomings. The early studies of the educational
production function mostly used least-squares regression techniques,
but since the 1980’s the use of non-stochastic Data Envelopment
Analysis (DEA) has become quite common. The wide application
of DEA in this context is mostly due to its flexibility. DEA easily
allows the use of several inputs and outputs and no information on

! See for reviews e.g. Hanushek (2003), Krueger (2003) and Worthington (2001).



prices is needed. In addition, as it is a linear optimization technique
no assumption about the exact functional form is required.

As a linear programming method, DEA does not allow statistical
interference. In addition, being a deterministic approach, it does not
distinguish inefficiency from statistical noise. As a consequence,
inefficiency may be overestimated. For policy purposes, both of these
factors may cause problems and uncertainty. In stochastic frontier
analysis (SFA), these shortcomings are avoided and for this reason
it is an interesting alternative to DEA. In addition to inefficiency
differences, information on the on estimated parameters, i.e. the effect
of quantitative inputs (such as class size, teachers’ salaries, education
and experience as well as environmental variables) on outputs is
obtained. The possibility to use panel data to control for unobserved
heterogeneity further increases the attractivness of the method.

Studies using SFA are in a minority compared to applications of DEA?
in the context of measuring the efficiency of schooling institutions.
Most of these studies are using cross section data. Some studies
compare the results of SFA and DEA (Sengupta and Sfeir, 1986 and
Mizala et al., 2002). Others concentrate on inefficiency differences
and testing the relationship between test scores and spending on
instruction (Deller and Rudnicki, 1993) or teachers’ merit pay
(Cooper and Cohn, 1997). Heshmati and Kumbhakar (1997) used a
more sophisticated model introduced by Battese and Coelli (1995)
which assumes that inefficiency has a truncated-normal distribution
and is dependent on some e.g. environmental factors.

However, few studies have made use of panel data. Barrow (1991)
assessed the efficiency of local education authorities using both
cross-section and panel data with stochastic and deterministic
methods. Johnes and Johnes (2009) analysed the cost efficiency of
British universities using SFA allowing for heterogeneity between
universities with random parameters i.e. using true random effects
model introduced by Greene (2005a, b).

2 See for reviews e.g. Worthington (2001) and Johnes (2004).
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In this study, the technical efficiency of Finnish general upper
secondary schools is studied using different stochastic frontier
models. A rich five-year set of panel data is used for estimating
educational production functions. School level differences in scores
in the matriculation examination are explained with students’
prior achievement, family background characteristics, and school
resources, school size and some environmental factors. Both teaching
expenditures per student and student-teacher ratio (with a smaller
sample) are tested as the measures of teaching resources.

Educational production function studies using register data, such as the
present study, often suffer from two weaknesses. Variables measuring
the school resources such as the student-teacher ratio may produce
biased results because of non-random sorting of students between
schools and within schools between teaching groups. Another source
of bias is produced by the omitted variables (see e.g. Averett and
McLennan, 2004). Best way to overcome the non-random sorting of
students between schools is to use randomized experiments (see e.g.
Krueger, 1999). Other methods include quasi-experimental designs
and the instrumental variables approach (see e.g. Hoxby, 2000;
Angrist and Lavy, 1997; Akerhielm, 1995; Goldhaber and Brewer,
1997). In the context of efficiency measurement, however, some of
these techniques are inappropriate and others are difficult to carry
out.

The new variants of stochastic frontier models are able to take into
account the bias caused by omitted variables and the non-random
assignment of students to schools. While traditional random and
fixed effects stochastic frontier models interpret all unobserved
random or fixed effects as inefficiency (Pitt and Lee, 1981 and
Cornwell et al., 1990), new true random and true fixed effects models
(Greene, 2005a, b) allow the decomposition of the inefficiency
term into time-constant random or fixed effects and time varying
inefficiency. Therefore, the unobserved time-constant school-specific
factors are controlled for by the fixed effects and separated from
inefficiency.



In Finnish general upper secondary schools students are not randomly
assigned to different schools since students are admitted based on
their comprehensive school grade point average (GPA). The number
of general upper secondary schools varies from no school in small
municipalities to tens of schools in larger cities. Competition for the
places in best schools is intense, especially in larger cities. Students
and parents choose the school based on school’s curriculum (some
of the schools have a specialized curriculum) and course offerings.
Since larger schools are able to offer more extensive selection of
courses they may attract better performing students. In this study,
the comprehensive school GPA is used to control for the non-random
assignment of students between schools. In addition, true fixed effects
models, estimated with a five year panel capture the selection bias to
the extent that it is time-constant and not captured by the GPA. Bias
caused by omitted variables can also be controlled for by the true
random effects models which are additionally tested in this study.

In 1996 two different reforms took place in Finnish general upper
secondary schools. First, the grade system with fixed classes was
removed providing students the possibilities to formulate their
individual study plans and determine their own pace of learning.
Students were allowed to complete their studies in 2 to 4 years.
Before, students followed year classes and usually graduated in three
years. As a consequence of the reform, the share of students using
more than three years for their studies rapidly increased to over 15%.
In this study, it is possible to test whether the length of studies affects
performance in the matriculation examination.

In addition to the individual study plans, students were able to take
the tests in the matriculation examination in up to three consecutive
examination periods instead of an earlier one period. As a result,
students have increasingly decentralized their test taking in recent
years so that on average students participate in two test taking
periods. The effect of decentralization of test taking on matriculation
examination is also tested in this paper.

This study aims at, in other words, by using a fairly long panel data
estimating efficiency of schools with education production functions.
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It uses new variants of stochastic frontier models that allow the
separation of time constant factors from inefficiency and tests the
differences in results. These methods have not been previously
applied to such a long and rich data set used in this study. In addition
to school resource variables, it tests the effect of average length of
studies and average participation in test taking periods on student
achievement.

The results of this study demonstrate that in panel data models
the selection of stochastic frontier model matters since average
inefficiency varies depending on the model. It is lowest in true random
and true fixed effects models. The rankings of schools based on
inefficiency scores also vary substantially between different stochastic
frontier models. True random and true fixed effects models provide
more information about the structure of the inefficiency components,
since they separate the time constant factors from inefficiency. The
inefficiency term in these models captures smaller yearly fluctuations
in input and output variables and the time-constant factor depicts
some structural differences between the schools. The longer on
average students stay in general upper secondary school and the
more they decentralize their test taking, the worse they perform in
the matriculation examination.

The paper continues as follows. In section 2 the Finnish general upper
secondary school system is described. The models and estimation
methods are discussed in section 3. In section 4, data and variables
used in the study are described. Section 5 presents the estimation
results and section 6 concludes.

2. Finnish general upper secondary schooling

Finnish general upper secondary schools provide a post-
comprehensive education for students aged 16 to 19 years. The general
upper secondary school certificate together with the matriculation
examination certificate provides eligibility for university or tertiary
level vocational education. Studies in general upper secondary schools
can be completed in 2 to 4 years. Most of the students complete the



general upper secondary schooling in three years. For approximately
17 percent of the students it takes more than three years to complete
the studies.

There are no year classes in general upper secondary schools i.e.
schools are non-graded. Studies have been divided into courses. The
school year is usually divided into five or six periods. A schedule is
devised for each period focusing on certain subjects. The students’
progress and the composition of teaching groups thus depends on the
students’ choice of courses.

General upper secondary schooling concludes with a matriculation
examination which is a compulsory nationwide test. The purpose of
the examination is to determine whether students have assimilated
the knowledge and skills required by the curriculum for the general
upper secondary school. The examination is arranged in general
upper secondary schools throughout Finland. The Matriculation
Examination Board is responsible for administering the examination,
for preparing the tests and for the final assessment of the answer
papers®. The results of each individual test are normalized to be
comparable between years.

Matriculation examinations are arranged in the autumn and spring
during a two-week examination period. Students can take individual
tests in up to three consecutive examination periods. The examination
consists of at least four tests; one of these, the test in the candidate’s
mother tongue, is compulsory for all candidates. The candidate then
chooses three other compulsory tests from among the following four
tests: the test in the second domestic language, a foreign language
test, the mathematics test, and the general studies test. As part of
his or her examination, the candidate may additionally include one
or more optional tests (foreign language test, mathematics test or
general studies test).

Admission to general upper secondary schools is selective based on
the grade point average (GPA) in comprehensive school. Application

3 The preliminary assessment is carried out by the teachers in each school.



Efficiency of Finnish General Upper Secondary Schools

takes place through a national joint application procedure. Some
55% of graduates in each age cohort continue their studies at general
upper secondary schools each year. The competition for places in the
best schools is intense especially in large cities. Consequently, the
average GPA of the students varies considerably across schools.

General upper secondary schools are mostly maintained by
municipalities. In addition, there are some private schools, schools
maintained by the joint organization of municipalities and some state
owned schools. No municipal general upper secondary schools charge
school fees. Municipalities cover school expenditures from their
general revenue services which consist of local income tax, property
tax and non-earmarked grants. Private schools get a state grant on a
per student basis, and they also obtain funding from municipalities.
Private schools may charge minor fees.

3. Models and estimation methods

Stochastic production frontier models were first introduced by
Aigner et al. (1977) and Meeusen and van den Broeck (1977). In
these models, variation unexplained by the input variables is not
completely interpreted as technical inefficiency but statistical noise
and technical inefficiency are separated. In addition, as parametric
statistical models, they also provide information on the effect of
inputs on the output.

In the following, it is assumed that schools / maximize their output
production and use N inputs to produce a single output. In addition,
cross-sectional data are assumed. A stochastic production frontier
model can be written as

v, = f(x;; B)exply, JTE,. (1)



where [ f(x: ) exp{v,. }] is the stochastic production frontier, y,
is a scalar output produced by school i, i=/,...,I, x, is a vector of
N inputs by school i, f(x;;/) is the production frontier and f is
a vector of technology parameters to be estimated. The stochastic
frontier consists of two parts: a deterministic part f(x;; 5), that is
common to all schools and a school specific random part, exp{vl. },
that captures the effect of random shocks on each school. TE is the
output-oriented technical efficiency of school i. The equation (1) can
be written as

_ Vi
T el ?

This equation defines technical efficiency as the ratio of the observed
output to the maximum feasible output. Now y achieves its maximum
feasible value of [ f(x;;0) exp{vl. }] if, and only if 7E = 1. Otherwise,
TE < 1 provides a measure of the shortfall of the observed output
compared to the maximum feasible output in an environment
characterized as exp {vl. }, which is allowed to vary across schools.

Next, if we assume that /" (x; ) takes the usual log-linear Cobb-
Douglas form, the basic cross-section model in (1) is written as

lnyi :ﬁO +Zﬂn lnxni +Vi _ui ° (3)

where y, depicts the output of school i, f are parameters to be
estimated, x = are the explanatory variables, v, is the idiosyncratic
error term distributed independently of u, and as iid N(0, ¢ ?) and u, is
the nonnegative inefficiency term for school i distributed as iid N*(0,
o ?). The error terms in (3) form the composed error term e, = v. - u,
which is asymmetric since u, > 0.

The error term e, is positively skewed if u, >20.If u =0, thene = v,
the error term is symmetric and there is no inefficiency in the data. In
such a case equation (3) can be estimated with ordinary least squares
without inefficiency. Before proceeding the skewness of inefficiency
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term must be tested. Coelli (1995) has introduced one test but there
are also other alternatives (see e.g. Kumbhakar & Lovell, 2000).

If there is inefficiency in the error term, a distributional assumption
for it has to be made. The assumption of a half-normal distribution
is the most common. Other possibilities are exponential, truncated-
normal and gamma distributions. Selection of the distribution is
aided by certain statistical tests (see Kumbhakar & Lovell, 2000).
Sample means of inefficiencies may be sensitive to the distribution
assumption, whereas the rankings and the top and bottom deciles
of efficiency scores are more likely to remain unaffected by it
(Kumbhakar and Lovell, 2000 p. 90).

In this study, the one-sided likelihood ratio test introduced by Coelli
(1995) is used to test the presence of a half-normal distribution for
the inefficiency term. The test is based on the A coefficient, which
provides the relative contributions of u, and v, to e. The hypothesis
tested is that A = 6 /o = 0. As A—0, the symmetric error component
dominates the one-sided error component in the determination of e.. In
the case where A = 0, there is no technical inefficiency and the model
returns to the OLS. The assumption of truncated normal distribution,
(u~iid, N*(u,0,?)) is tested using the assumption of H: 4 = 0. If 4 =0
the density function returns to a normal density function.

The use of panel data slightly changes the equation in (3), since the
time dimension is added.

h’lyl.t =ﬂ0 +Zﬂn In Xig TVi —Uy (4)

where y_ is the output in period 7, S are parameters to be estimated,
x ., are the explanatory variables in period ¢, v, is the idiosyncratic
error term for each period 7 and u, are the inefficiency terms for each
school in each period.

In a random effects models (Pitt & Lee, 1981), both between-schools
and within-school variation is taken into account. The model assumes

11



that the inefficiency term for each school is invariant through time
and it is not dependent on other regressors. The estimated model
becomes the following

lnyit:ﬂ0+2ﬂn lnxnit+vit_ui' 5)

The weakness of model (5) is the assumption of inefficiency being
constant through time as in longer panels inefficiency is more
likely to vary through time. In true random and true fixed effects
models, more heterogeneity is allowed for by dividing the school-
specific inefficiency term into unmeasured heterogeneity that is
constant through time and inefficiency that varies through time
(Greene, 2005a, b). The true random effects model is as follows:

Iny, =4+ z B, Inx,, +v,—u,, (0)

where . is a school-specific random term defined as 8, = #+w, and
in which w is distributed as 1id N(0, o)), v. is the school-specific
error term and u,, is the inefficiency that varies through time.

If the familiar fixed effects model is used in efficiency measurement,
the school-specific fixed effect that is constant through time is
interpreted as inefficiency. The model is not in fact stochastic but
“deterministic”. The u, of the most efficient unit equals zero. Thus, the
model does not measure absolute inefficiency but the inefficiency of
school i relative to the other schools in the sample. The advantage of
this model is that it is distribution free. However, because it interprets
the whole fixed effect as inefficiency, it most likely overestimates the
inefficiency. The fixed effects model by Cornwell et al. (1990) can
be written as

Iny, =4 +Zﬂn Inx,, +v,
=max(f,)+ Z,Bn Inx, +v, + [,Hl. —max(p, )] (7
:ﬂo +Zﬂn lnxnit Vi —Y,

where u;, = max(f,)—- S, > 0.
12
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In a true fixed effects model (Greene, 2005a, b) the fixed effects and
inefficiency effects are separated. The model allows inefficiency to
vary through time and takes into account the omitted variable bias.
The model is written as

In Vit :ﬂi +Zﬂn In Xpie TV — Uy (8)

where . is a school-specific fixed term, v is the school-specific error
term and u is the inefficiency that varies through time. In this model,
these effects can be correlated with the included variables.

Heteroskedasticity is potentially a problem in stochastic frontier
models (see e.g. Kumbhakar and Lovell, 2000). In cross-section
models, it can appear in either of the error terms, and can affect
interferences between the production technology parameters and the
error components. Thus, it can also have effects on the inefficiency
estimates. If heteroskedasticity appears in the inefficiency term,
the problem is more severe, since both the estimates of production
technology and inefficiency are biased. If v, is heteroskedastic,
only the inefficiency estimates are affected. If both error terms
are heteroskedastic the effect is not clear, since the unmodelled
heteroskedasticity causes biases in opposite directions. In such a
case, the overall bias can be small.

In random and fixed effects panel data models, only v, can be
heteroskedastic, and even if it is ignored it does not cause serious
problems with the results. In the case of time varying inefficiency,
heteroskedasticity may only appear in v, in the random effects model.
In such a model, a time effect for the u, is assumed and there are
several alternatives to model it (see e.g. Cornwell et al., 1990; Lee and
Schmidt, 1993; Kumbhakar, 1990 and Battese and Coelli, 1992).

There are also other alternatives to model the heterogeneity in the
inefficiency term. Examples, such as those presented by Battese
and Coelli (1995) and Coelli ez al. (1999) express u, as a parametric
function of some explanatory variables z, that characterize, for
instance, the environment or the organization of the producer. In this
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study, no such variables were available. Thus, throughout the paper
it is assumed that all explanatory variables directly depend on the
dependent variable rather than on inefficiency.

4. Data and descriptive statistics

This paper examines the efficiency of Finnish general upper secondary
schools using a nationally representative school-level panel data from
the years 2000-2004. Data includes most of the Finnish general upper
secondary schools. Some language schools that do not participate
in the Finnish Matriculation Examination were excluded from the
data. Schools providing general upper secondary education for adults
were also omitted since their curriculum differs from that for youths.
Some schools were excluded because of data problems. The data are
unbalanced consisting of 436 schools. The number of schools varies
from 424 to 427 depending on the year.*

The data were compiled from several different official registers.
Matriculation examination grades and information on test taking as
well as the graduates’ mother tongue and sex were obtained from
the Matriculation Examination register. Only information on students
completing their studies and matriculating was used. Students
retaking individual tests in later years in order to improve their grades
after completing their studies were excluded from the data. National
joint application register provided the information on the grade point
average (GPA) of comprehensive school reports. Information on
students’ socio-economic status and length of studies, as well as size,
location and type of owner of the school was obtained from Statistics
Finland. Information on expenditures was obtained from the VALOS
register maintained by the Finnish National Board of Education.

School output is measured by the scores in compulsory tests in the
matriculation examination. As mentioned earlier, there are four

4 There are 413 schools in the data which are observed every year. For 10 schools, there are
observations in four consecutive years, for two schools three consecutive years and for 11
schools two consecutive years.
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compulsory tests in the matriculation examination. The grades in each
test range from improbatur (failed) to laudatur (excellent) and they are
converted to scores using a scale from 0 to 7. The maximum scores
in compulsory subjects is therefore 28. In addition to compulsory
subjects, students can take optional tests, and they usually take one or
two of them.® As an alternative output measure, scores in all tests in
the matriculation examination were also used. This measure includes
grades in both compulsory and optional tests.

The average score in the compulsory tests was 16.7 but the variation
across schools was quite large. In the top schools the average score
was 23.4 whereas in the bottom schools the average score was 10.7.
The variation in scores in all tests was even larger ranging from
11.3 to 34.7. Students’ prior achievement is controlled for with the
comprehensive school grade point average (GPA). These grades are
awarded by teachers and provide the best information available, since
students are not tested on a national level at the end of comprehensive
schooling. Information on the GPA was linked at the student level
before averaging it to the school level.

Thesocio-economic status of students is measured with three variables:
the educational level of their parents, the proportion of white-collar
workers, and the proportion of single parents. This information was
also linked to matriculation examination results at the student level
before averaging to the school level. The educational level of the
parents is provided as an index by Statistics Finland and is based on
the number of years of schooling. Other controls for the students of
each school include the proportion of female and Swedish-speaking
students. The latter is included because the matriculation examination
is quite language oriented. Swedish-speaking students may have
some advantage because of their language background.

3 The grades are converted into scores so that improbatur=0, approbatur=2, lubenter
approbatur=3, cum laude approbatur=4, magna cum laude approbatur=5, eximia cum laude
approbatur=6 and laudatur=7.

® The average number of tests taken was 5.1 during the research period.

15



Heterogeneity of the student body may affect instruction and
instructional methods. Some teachers often claim that it’s difficult
to adjust teaching methods if the skills of the students are very
heterogeneous. This variable tests whether this has some effect on
student performance. Heterogeneity of the student body is measured
with the within-school standard deviation of scores in compulsory
subjects in the matriculation examination.

School resources are measured with two variables: teaching
expenditures per student and other current expenditures per
student. The effect of average student teacher ratio is also tested.
Teaching expenditures consist of teachers’ and principals’ salaries,
teaching materials and other costs that can be directly attributed
to teaching. They account for some 75% of the total expenditures.
Other expenditures consist of the costs of meals, health care and
counselling, administration and rents (pure or calculatory) for the
school properties.

The expenditure information is averaged over the three years that
students usually enrol for general upper secondary school. Since
most of the students complete their studies in the spring term the
average is taken over the three previous years. It means that e.g. the
expenditures for the year 2004 are an average over the years of 2001
to 2003. The costs are deflated to prices for the year 2003 using a price
index for public spending in education. The expenditures have risen
partly because there was a reform in the pension insurance system
that was implemented gradually since 1998. In order to take the
effect of the reform into account, the expenditures are deflated with
chained deflator. The base year in the first deflator was 1995 and in
the latter one 2000. Regional differences in expenditure information
(mainly salaries and rents on properties) are not taken into account.
There are quite considerable differences in teaching expenditures per
pupil across schools. For students matriculating in 2000 the average
teaching expenditures were some 3 300 euros. However, they varied
between 1 800 and 13 000 euros. For students completing their studies
in 2004 the average teaching expenditures per student were some
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3 700 euros. Differences in expenditures have somewhat diminished,
since they varied between 2 200 and 9 200 euros in 2004.

The VALOS register provides the expenditure information at the
level of the service provider. If the service provider (usually the
municipality) maintains more than one general upper secondary
school, the information cannot be attributed to individual schools.
However, in most cases the service provider maintains only one
general upper secondary school. Larger cities and some bilingual
areas are an exception. The data include school-level expenditure
information for 254 to 259 schools (depending on the year) and for
168 to 172 schools a municipality level average is used.’

The average student-teacher ratio is only obtained for the municipal
general upper secondary schools. The models including this variable
are therefore estimated with a smaller data containing 343-369
schools depending on the year. This information is obtained at the
school level. Thus it is a more accurate measure than the teaching
expenditures per student. The number of teachers and principals
are in full time equivalents. Due to absence of data the variable is
averaged over the two previous years instead of three years.

7 To obtain school-level expenditure information the Government Institute for Economic
Research (VATT) also carried out a survey of those municipalities that had more than one
general upper secondary school. There were 53—54 such municipalities in the data. In the
survey, municipalities were asked to report their school-level expenditures and teaching
hours as they are reported in VALOS register. This information was obtained from 23 mu-
nicipalities maintaining 70 general upper secondary schools. The three biggest cities namely
Helsinki, Espoo and Vantaa did not submit the information. Based on information reported
by the municipalities, the percentage share of the total teaching and other expenditures were
calculated for each school. Using this percentage the expenditures in the VALOS register
were divided between schools. For those schools that did not report school-level informa-
tion, the expenditures were divided using the relative proportion of students from the total
number of students in the municipality. Models were also estimated using this expenditure
information, but the parameter and inefficiency estimates were unaffected. The results did
not change, either, when the models were estimated using the expenditure information from
VALOS register and leaving out the schools in Helsinki, Espoo and Vantaa. For this reason,
only the expenditure information from the VALOS register is used in this paper with a
municipal-level average for schools in municipalities having more than one general upper
secondary school.
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The general upper secondary schooling can be completed in two to
four years, depending on the study plan of the student. For some 80%
of students the studies take three years. A greater length of studies
may require more resources, but it is not clear how it affects student
achievement, since students may either study more or they may use
their time for other activities, such as working.® In 2004 the average
length of studies was 3.1 years and it varied between 3 to 3.8 years.
The length of studies is a school-level average and it is calculated
from student-level data as the difference between the semester of
starting and completing the studies.

The tests in the matriculation examination can be taken in up to three
consecutive examination periods. On average, students participate
in 1.8 examination periods but this ratio has steadily increased. The
advantage of taking tests in more than one examination period is that
students can concentrate more fully for each test. However, whether
this is really the case and whether the decentralization of test taking
affects the results has not been tested. The average decentralization
of tests is calculated from individual-level information on the number
of examination periods a graduate has participated in.

Some 13% of the general upper secondary schools have a specialized
curriculum. In these schools, students can specialize in music, arts,
sports, languages, natural sciences or mathematics. It is evident that
specialization may have some effect on student performance. Students
specializing, for instance, in languages may have some advantage
over other students because of the relatively large emphasis on
languages in the matriculation examination. Separate dummies are
used for schools having a curriculum specialized in sports, languages,
mathematics and science, and music and arts. However, it must be
noted that most of the schools with a specialized curriculum also
have the general track. Unfortunately, it was not possible to separate
the proportion of students following the general track from those
following the specialized track.

8 Some 20% of the students in general upper secondary schooling worked during their
studies in 2004. Among the younger students the share is around 10% and it increases with
the age. Unfortunately, it was not possible to control the working of students in this study.
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The average size of general upper secondary schools is quite small,
being some 260 students. The smallest schools have only some 30 to
40 students and largest about 850 students. Most of the schools are
maintained by the municipalities while only some two per cent of the
schools are private and one per cent are state-maintained schools.
The latter serve as training schools for new teachers. Concerning the
location of the school, about half of the schools are located in urban
areas and one third in rural areas. The summary statistics are reported
in Appendix 1.

There are clear trends in some of the input variables (Figure 1).
Expenditures in general upper secondary schooling have risen quite
fast during the period. Teaching expenditures per student increased
14% and other expenditures per student 21% in five years. At the
same time average school size has dropped some five percent. This
is mainly because the number of students has decreased especially in
rural areas.

Figure 1. Trends in some input variables in 2000-2004
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There is no trend in the matriculation examination scores per student
(see Figure 2). This is because they are standardized to yield the same
distribution every year. Even if the scores are standardized at the
national level, the performance of single schools can vary much from
year to year. The number of tests taken in matriculation examination
has remained stable. The same applies to the comprehensive school
GPA.

Figure 2. Trends in matriculation examination scores and
comprehensive school GPA in 2000-2004
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5. Results

Five stochastic frontier models were estimated using an unbalanced
panel data.” They were a pooled stochastic frontier model, a random
effects (RE) model, a fixed effects (FE) model and true random effects
(TRE) and true fixed effects (TFE) models (Greene, 2005a, b).!° In
addition, two alternative specifications were used. In Specification
A, teaching resources were measured with the teaching expenditures
per student. In Specification B this variable was replaced with the
student-teacher ratio. The latter specification was estimated with a
smaller data.

All the models and specifications were estimated assuming a half-
normal distribution for the inefficiency term. For the pooled panel
data model and the RE model the truncated normal assumption was
also tested, but the x4 term turned out to be statistically insignificant.
In most cases an exponential distributional assumption did not
converge. There was heteroskedasticity related to school size in
the idiosyncratic error term v, for the pooled panel data model and
random effects models. The results are therefore heteroskedasticity-
corrected for these models. The correction had only minor effects on
the results.

Concerning the choice between random and fixed effects models,
the Hausman specification test was performed. The results of the
test supported fixed effects models. Since the panel is fairly short
(five years) and some of the explanatory variables of interest remain
constant through time, the results of random effects models are also
presented and discussed.

? The production function was first estimated with cross section data separately for
each year. A Chow-test (Hy: B,,,0,= B,200= Bioor™ Bisows™ Pirop Where i=1,...n depicts
explanatory variables) was performed to test whether the parameter estimates differed
statistically significantly across years. According to results, the H -hypothesis could not be
rejected, supporting the pooling of the data. In the following only the results of panel data

models are presented. The results of cross section estimations are available upon request.
19 Models were estimated with Nlogit 4.0/Limdep 10.0.
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Since the grades in each individual test in matriculation examination
are normalized each year, the output measure is not genuinely
increasing. The scores of each school are rather fluctuating around
their yearly overall mean. To test this kind of bias all the explanatory
variables were centered on their yearly overall mean and models
were estimated with these variables. The centering did not affect the
results. Therefore, they are not reported here but are available upon
request.

The stochastic frontier model is appropriate for the description of
the production technology since the lambda coefficient is statistically
significant in all the models. There is, in other words, inefficiency that
is captured with the term u,. The variables explain a high proportion
of the variation in matriculation examination results, since the
R-squared in normal OLS is 0.70'!. In most of the models, the size of
the parameter estimates is quite similar. A similar pattern concerning
the size of the coefficients has also been reported by Greene (2005b),
among others. There are, however, some exceptions. The size of the
effect of parental education, heterogeneity of the students and the
average length of the studies can double in some models.

Most of the explanatory variables in these models have the expected
sign. Comprehensive school GPA positively affects matriculation
examination scores. The effect is quite large and a one-tenth growth
in a school’s GPA gives 0.3 increase in scores. As for the students’
socio-economic status, parental educational level and the proportion
of white collar workers increase achievement in the matriculation
examination whereas the proportion of single parents decreases it.
Their effect is smaller than the effect of GPA. Schools with a higher
proportion of female and Swedish-speaking students perform better
in the matriculation examination. The heterogeneity of the student
body negatively affects student achievement.

Both teaching expenditures and other expenditures per student have
statistically significant coefficients in the TRE model. Teaching
expenditures are also statistically significant in the TFE model. It

' The results can be obtained upon request.
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appears that as soon as the unmeasured heterogeneity across schools
is captured in the model, teaching expenditures become statistically
significant.'? Interestingly, the coefficient is negative in all models,
indicating that schools with a higher level of teaching resources
perform worse. The size of the effect is, however, quite small.

The average length of the studies negatively affects the matriculation
examination results in all models and the coefficient is statistically
significant in TRE and FE models. On average, a longer duration
of studies does not appear to contribute to increased performance
in the matriculation examination. This is an interesting result, since
the length of the studies clearly increased after the year classes were
removed from general upper secondary schools and students were
able to complete their studies in 2 to 4 years. It is also contrary to
normal argumentation according to which increased time would
enhance the results.

As mentioned earlier, in matriculation examination students can take
tests in up to three consecutive test periods. According to results, the
more students decentralize their test taking into separate test periods,
the worse they perform. This is a robust result. One reason behind the
result might be that students more easily take tests to “try their luck”
and do not prepare themselves for the test as carefully as would be the
case when there is no possibility to retake it. The incentive to upgrade
the test result in a later examination period is perhaps small.

There are no systematic differences in achievement between students
in schools with a specialized curriculum compared to those in
non-specialized general upper secondary schools. In some of the
models, students in schools having specialized track in mathematics
and sciences score two percentage points lower than those in non-
specialized schools. In TRE model, students in general upper
secondary schools having specialized track in sports score somewhat

12 In TRE and TFE models it was also tested whether the sign of the resource variables was
affected by some variables that may affect the size of the teaching and other expenditures,
namely the school size and location. If these variables were omitted from the models the
expenditure variables were statistically insignificant. Hence, these variables provide some
additional information and their exclusion from the model bias the results.
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higher. The same applies to students in schools having specialized
track in /languages. However, the results in schools specializing in
music and arts do not differ from those in general schools.

In pooled panel and TRE models, student achievement in private
schools is lower than the achievement in schools maintained by
municipalities. However, state maintained schools do not differ from
municipal schools. Student achievement does not differ statistically
significantly between schools in rural and urban areas. Schools in
densely populated areas score somewhat higher relative to schools in
urban areas in pooled panel data and TRE models.

School size has a small positive effect on student achievement, and
the coefficient is statistically significant in pooled panel data, RE
and TFE models. The size of the coefficient is, however, quite small.
The nonlinearities in school size were also tested by adding a second
order term, but it turned out to be statistically insignificant.
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Table 1. The results of stochastic frontier models for
panel data from 2000-2004. Dependent variable:
average score in compulsory tests in the
matriculation examination. Specification A
Random Fixed
Pooled panel effects True random effects True fixed
data model model effects model ~ model  effects model
GPA 1.622 1.596 1.637 1.611 1.578
(39.37)** (38.86)** (57.18)**  (17.99)**  (39.74)**
Parental education 0.141 0.071 0.063 0.039 0.135
(9.20)** (5.12)** (6.78)** (2.18)* (12.19)**
% White collar workers 0.001 0.001 0.001 0.001 0.001
(2.57)* (2.94)** (6.20)** (3.01)** (3.46)**
% Single parents -0.001 -0.0002 -0.0002 -0.000 -0.001
(-4.26)** (-1.09) (-1.10) (-0.01) (-6.13)**
Teaching expenditures/student -0.016 -0.019 -0.028 -0.000 -0.021
(-1.55) (-1. 66) (-4.38)** (-0.01) (-3.68)**
Other expenditures/student -0.005 0.010 0.014 0.029 0.004
(-0.88) (1.34) (3.73)** (2.48)* (1.09)
SD of matriculation exam score -0.100 -0.080 -0.069 -0.055 -0.109
(-9.66)** (-9.19)** (-10.68)**  (-536)**  (-13.33)**
% Female 0.001 0.001 0.001 0.001 0.001
(8.11)** (4.94)** (6.93)** (3.75)** (10.07)**
% Swedish speaking 0.001 0.001 0.001 0.0004 0.001
(9.20)** (7.26)** (16.82)** (0.64) (15.83)**
Mean length of studies -0.060 -0.041 -0.108 -0.087 -0.111
(-1.58) (-1.25) (-4.03)** (-1.60) (-3.72)**
Mean participation in exam
periods -0.102 -0.092 -0.100 -0.104 -0.108
(-11.34)**  (-10.35)**  (-17.89)**  (-8.17)**  (-17.96)**
School size -0.011 -0.013 -0.007 -0.019 -0.016
(-2.85)** (-3.02)** (-2.51)* (-1.13) (-6.64)**
Languages 0.019 0.009 0.017 -0.017 0.016
(1.24) (1.11) (2.01)* (-0.53) (1.74)
Mathematics and science -0.018 -0.020 -0.020
(-2.88)** (-1.78) (-3.51)**
Music and arts -0.004 -0.001 0.008 0.006 -0.004
(-0.55) (-0.10) (1.60) (0.25) (-0.97)
Sports 0.005 0.012 0.014
(0.07) (1.43) (2.35)*
Private -0.003 0.012 -0.012
(-0.65) (1.45) (-3.12)%*
State owned 0.017 0.015 0.018
(1.30) (1.06) (2.00)*
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Table 1. continues
Densely populated area 0.013 -0.003 0.009
(3.55)** (-0.43) (3.39)**
Rural area 0.008 -0.013 0.003
(1.46) (-2.17)* (1.02)
Year 0.003 0.004 0.004 0.003 0.004
(3.29)** (4.77)** (6.38)** (2.12)* (77.89)**
Constant -7.567 -7.960 -8.413 -6.261
(-3.86)** (-5.36)** (-6.99)** (-2.50)*
Lambda 0.207 1.008 1.349
(16.98)** (8.14)** (19.41)**
Sigma(v) 0.052 0.377 0.034 0.059
Sigma(u) 0.046 0.078 0.035 0.080
Het: Constant -1.627
(-4.46)**
Het: School size -0.832 -0.870
(-10.82)** (-21.36)**
Log-L 3117.66 3542.45 -3417.02 3301.12
No. of obs. 2133 2133 2133 2133 2133
No. of schools 436 436 436 436 436

Note. T-values in parentheses, robust t-values in the fixed effects model. *Significant at 5%,
**significant at 1%. All explanatory variables are in a logarithmic form except ratios. Schools maintained
by the municipalities are the reference group for private and state own schools. Schools with general
curriculum are the reference group for schools with specialized curriculum. Schools in urban areas are the
reference group for schools in densely populated or rural areas.

The results are very similar when teaching expenditures per student are
replaced with student-teacher ratio and the model is estimated with
a smaller data consisting only of municipal general upper secondary
schools (Specification B, see Table 2)."* The change has only minor
influence on the coefficients of other variables. Interestingly, the
coefficient of student-teacher ratio still has the unexpected sign in all
the models and it is statistically significant in pooled panel data, RE
and TFE models. In other words, the larger the group size the better
is the results in the matriculation examination. As discussed earlier,
it is possible that the selection bias is only partly controlled in this
model.

13 Models in Table 1 were also estimated with the smaller data (only municipal general
upper secondary schools) to test the robustness of results. The results were very similar.
Hence the size of the data did not affect the results.
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Table 2. The results of stochastic frontier models for
panel data from 2000—2004. Dependent variable:
average score in compulsory tests in the
matriculation examination. Specification B

True
Random random Fixed True fixed
Pooled panel effects effects effects effects
data model model model model model

GPA 1.673 1.570 1.614 1.570 1.611

(36.87)** (35.02)**  (53.24)**  (15.91)**  (36.15)**

Parental education 0.126 0.069 0.057 0.040 0.105

(7.27)** (4.34)** (5.58)** (2.09)* (8.70)**
% White collar workers 0.001 0.001 0.001 0.001 0.001
(2.53)* (2.34)* (5.50)%* (2.65)** (3.57)**
% Single parents -0.001 -0.0001 0.000 0.000 -0.001
(-3.00)** (-0.62) (0.02) (0.76) (-3.37)**
Student-teacher ratio 0.017 0.030 0.010 0.018 0.019
(2.50)* (4.10)** (2.03)* (1.16) (4.30)**
Other expenditures/student -0.003 0.014 0.010 0.033 0.000
(-0.47) (1.64) (2.50)* (2.51)* (0.10)
SD of matriculation exam score -0.091 -0.073 -0.060 -0.044 -0.105
(-7.82)** (-7.22)**  (-7.83)**  (-3.95)**  (-11.68)**
% Female 0.001 0.001 0.001 0.001 0.001
(7.06)** (4.65)** (6.71)** (3.82)** (8.61)**
% Swedish speaking 0.001 0.001 0.001 -0.001 0.001
(8.57)** (7.04)**  (14.37)** (-1.09) (14.18)**
Mean length of studies -0.059 -0.041 -0.139 -0.132 -0.094
(-1.32) (-1.15) (-4.75)**  (-2.28)* (-2.83)**
Mean participation in exam
periods -0.104 -0.091 -0.102 -0.106 -0.111
(-10.60)**  (-9.43)**  (-16.97)**  (-7.86)**  (-16.78)**
School size -0.006 -0.013 -0.004 -0.041 -0.010
(-1.52) (-2.44)* (-1.29) (-2.17)* (-4.24)%*
Languages 0.015 -0.033 -0.030 -0.063 0.012
(0.51) (-2.22)* (-1.74) (-4.05)** 0.77)
Mathematics and science -0.023 -0.012 -0.007
(-3.34)** (-0.91) (-1.17)
Music and arts -0.005 -0.0004 0.010
(-0.62) (-0.04) (1.89)
Sports 0.003 0.018 0.015
(0.44) (1.88) (2.38)*
Densely populated area 0.011 -0.004 0.006
(2.75)** (-0.61) (2.02)*
Rural area 0.006 -0.014 -0.002
(1.15) (-2.01)* (-0.46)
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Table 2. continues
Year 0.003 0.003 0.004 0.003 0.004
(G.03)¥ (425 (5.34)*%  (2.39)%  (77.98)%*
Constant -7.792 -7.086 -7.810 -5.856
(-3.65)%*  (-4.85)**  (-5.86)%*  (-2.59)**
Lambda 0.201 1.181 1.381
(15.35)%%  (8.40)** (18.12)%*
Sigma(v) 0.055 0.393 0.032 0.059
Sigma(u) 0.033 0.079 0.038 0.081
Het: Constant -1.752
(-4.23)%*
Het: School size -0.776 -0. 890
(-8.54)** (-19.37)**
Log-L 2627.41 2997.19 -2898.39 2794.03
No. of obs. 1798 1798 1798 1798 1798
No. of schools 376 376 376 376 376

Note. T-values in parentheses, robust t-values in the fixed effects model. *Significant at 5%,
**significant at 1%. All explanatory variables are in a logarithmic form except ratios. Schools
maintained by the municipalities are the reference group for private and state own schools.
Schools with general curriculum are the reference group for schools with specialized curriculum.
Schools in urban areas are the reference group for schools in densely populated or rural areas.

All the models were also estimated using scores all tests in the
matriculation examination as the dependent variable. These results
are reported in Appendix 3 and Appendix 4. They were mostly
similar with those presented above. The lambda coefficient in
TRE model was statistically insignificant indicating that there
is no inefficiency in the model and traditional RE model would
be appropriate to describe the production. This result applied to
Specification A. In Specification B in which the feaching expenditures
per student was replaced with the student-teacher ratio, lambda
coefficient was statistically significant indicating that there was some
inefficiency.

The size of the effect of comprehensive school GPA was even
larger in these models. Concerning the resource variables, teaching
expenditures per student was statistically insignificant in all models.
Other expenditures per studenthad positive and statistically significant
coefficients in TRE, FE and TFE models. Student-teacher ratio had a
positive and statistically significant coefficient only in RE model.
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5.1 Inefficiency differences

There are clear differences in the inefficiency of schools between the
separate stochastic frontier models (see Table 3, Figure 3 and Appendix
5)." The traditional FE model, by labelling all school-specific
fixed effects as inefficiency, produces clearly the highest average
inefficiency of some 15% in Specification A. As a consequence of
taking into account school-specific fixed effects and separating them
from inefficiency, average inefficiency decreases to 6%. Therefore,
interpreting the whole school-specific fixed effect inefficiency most
likely overestimates its magnitude. The same pattern applies to RE
and TRE models, although the average inefficiency is lower in both
cases compared to fixed effects models. The clear difference in
the average inefficiency between random and fixed effects models
highlights the importance of the choice of an appropriate model.

The variation in inefficiency scores across schools is also highest in
FE model, whereas the TRE model produces the lowest variation
each year. The results of pooled panel data and the TFE model are
also very close to that of TRE model.

14 The inefficiency score (1-TE) varies between 0 and 1 and the larger the figure the more
inefficient the school.
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Table 3. Average inefficiency, standard deviation,

minimum and maximum in panel data models for
the years 2000-2004. Scores in the compulsory

tests in the matriculation examination as the
dependent variable

Specification A
Mean

Standard deviation
Min.

Max.
Specification B
Mean

Standard deviation
Min.

Max.

True True
Pooled Random random  Fixed fixed
panel effects effects  effects  effects
0.037 0.064 0.027 0.154 0.056
0.015 0.041 0.010 0.046 0.014
0.008 0.002 0.005 0.000 0.020
0.123 0.250 0.103 0.295 0.143
0.026 0.065 0.030 0.179 0.057
0.008 0.042 0.013 0.063 0.014
0.009 0.002 0.006 0.000 0.020
0.068 0.209 0.121 0.341 0.146

A change in the output variable from scores in compulsory tests to
scores in all tests in the matriculation examination had some effect on
inefficiency (see Appendix 6). Especially in random and fixed effects
models the average inefficiency was higher. In the true random effects
model, the lambda coefficient showed that there was no inefficiency.
The replacement of teaching expenditures per student with student-
teacher ratio and the use of smaller sample (Specification B) had only
minor effect on average inefficiency (see Appendix 7 and Appendix

8).
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Figure 3. Average technical inefficiency in panel data
models for the years 2000-2004. Scores in the
compulsory tests in the matriculation examination
as the dependent variable. Specification A

Year
2000 2001 2002
™ Dol o -
N RE o
o
RESFRE N FT TN N TR
5 &
5] =T E =T o
0
o
% 2003 2004 Total
£ o ™ ™
N N N
SESTRENNFETRE P RE
N .+ N
|:| Pooled panel data Random effects model
|:| True random effects model Fixed effects model
|:| True fixed effects model

There are clear differences in the rankings based on inefficiency
scores between the different stochastic frontier models (see Table 4).
The rankings of RE and FE models are quite similar as are those
of TRE and TFE models. However, there is practically no relation
between the rankings of RE and TRE models or FE and true TFE
models. RE and TFE models also produce quite different rankings.
The replacement of scores in compulsory tests with scores in all
tests and teaching expenditures per student with the student-teacher
ratio did not cause any real differences in Spearman rank correlation
coefficients. Thus, the results are not reported here.
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Table 4. Spearman rank correlation coefficients between
different stochastic frontier models. Scores in
compulsory tests in the matriculation examination

as the dependent variable. Specification A

True True
Pooled Random random Fixed fixed
panel data  effects effects effects effects
model model model model model
Pooled panel data model 1
Random effects model 0.7465 1
True random effects model 0.6804 0.1838 1
Fixed effects model 0.6892 0.9031 0.1775 1
True fixed effects model 0.5520 0.0069 0.9452 0.0163 1

The difference in inefficiency scores between the RE and TRE
models and the FE and TFE models is also depicted in Figure 4.
This demonstrates the same pattern as the Spearman correlation
coefficients. There is no systematic relationship between the RE and
TRE models or FE and TFE models. RE and FE models produce high
inefficiency estimates by interpreting all random and fixed effects as
inefficiency. According to TRE and TFE models, these effects are

only partly due to inefficiency.
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Figure 4. Scatter plots illustrating the association between
inefficiency scores for individual schools
produced by RE and TRE models (left panel) and
FE and TFE models (right panel) using scores
in the compulsory tests in the matriculation
examination as the dependent variable. Data are

from 2004. Specification A
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To furtherillustrate the differences betweenthe models, the inefficiency
scores of the RE model are compared with random coefficients (as
percentage deviation from the maximum value) of the TRE model.
The same comparison is also carried out between the inefficiency
scores in the FE model and the beta coefficients (also as percentage
deviation from the maximum value) in TFE model (see Figure 5). In
the TRE model, the random coefficient depicts the school-specific
random effect. In TFE model the school-specific fixed effects are
depicted by the beta coefficient.

The figure shows that the time-constant random effect of schools is
very similar in RE and TRE models. As expected, only the magnitude
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is smaller in the TRE model. The same pattern is observed between
FE and TFE models. The difference in magnitude is, however, smaller
than between RE and TRE models. Unfortunately, the problem of
what should be counted as inefficiency remains unsolved. The
advantage of TRE and TFE models is, however, that they allow the
separate identification and investigation of time-constant effects and
time-varying inefficiency.

Figure 5. Scatter plots illustrating the association between
the inefficiency score of the RE model and
random coefficient of the TRE model(left panel)
and between the inefficiency score of the FE
model and the beta coefficient of the TFE model
(right panel) using scores in the compulsory tests
in the matriculation examination as the dependent
variable. Data are from 2004. Specification A
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6. Conclusions

In this study, new variants of stochastic frontier models for panel
data were used to evaluate the efficiency of Finnish general upper
secondary schools. These models allow the separation of random and
fixed effects from inefficiency. Hence, they take the school-specific
time-constant heterogeneity into account and allow omitted variables
bias, which is quite common in education production function studies,
to be controlled for. True fixed effects model also to some extent
controls for the non-random selection of students into schools.

The results of both random and fixed effects models were presented.
The choice between these two alternatives is complicated and
influenced by several factors. The results of the Hausman specification
test supported the fixed effects models as did the less restrictive
assumption of fixed effects models that unmeasured heterogeneity can
be correlated with the included variables. True fixed effects models,
however, only take into account the within-school variation. Since
the panel used in the study was fairly short, there was no variation
through time in some of the variables, and as the variation across
schools was also considered important, the results of random effects
models were additionally presented.

The estimation results were very similar to previous studies.
Variables related to students’ earlier school success (comprehensive
school GPA) and family background were the strongest predictors of
performance in the matriculation examination. In most of the models,
the effect of school resources (teaching expenditures per student) was
not statistically significant. When the school-specific heterogeneity
was taken into account with the true random and true fixed effects
models, the coefficient became significant. The effect was, however,
small and negative. The effect of the student-teacher ratio estimated
with a smaller sample had a small, statistically significant positive
coefficient in random effects and true fixed effects models.

The reforms which took place in the mid 1990s in general upper
secondary schools did not turn out to be beneficial. A longer stay in
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general upper secondary school was not improving the scores in the
matriculation examination since schools with longer length of studies
performed worse. Neither did the decentralization of test taking. The
more students decentralized their test taking in the matriculation
examination the worse they performed. To gain more certainty on
these two matters, they should be further studied with student level
data.

The estimated inefficiency varied depending on the stochastic frontier
model. The average inefficiency was between 3—-17% depending
on the model and the year. Taking into account the unmeasured
heterogeneity with the true random and true fixed effects models
reduced the inefficiency. Fixed effects models produced highest
estimates for inefficiency as well as for the variation in inefficiency
scores across schools.

The ranking of schools based on their inefficiency score also
considerably changed in true random and true fixed effects models
compared to other models. However, the rankings remained stable
between random effects and true random effects models. Only the
size of the effects was somewhat reduced in the true random effects
model. They same pattern emerged between fixed and true fixed
effects models.

Different stochastic frontier models were robust to variable
specifications. The replacement of teaching expenditures per student
with student teacher ratio and the use of a smaller data had only minor
influence on the results.

To conclude, the choice of the stochastic frontier model matters. In
random and fixed effects models, the identified inefficiency mostly
depicts permanent differences between the operations of schools.
In true random and true fixed effects models the inefficiency term
captures smaller yearly fluctuations in input and output variables
and the random or fixed effects terms depict permanent differences
across schools. Permanent effects are smaller in magnitude in the
latter cases.
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From the policy point of view, if the policymaker is interested in
identifying short term efficiency improvements, calculation of
inefficiency scores are more appropriate to base on true random or
true fixed effects models. If structural or permanent changes are
pursued, random and fixed effects should be considered as identifiers
of differences. A closer analysis of these terms may reveal some
omitted factors but also potential for efficiency improvement.
However, the advantage of using true random and true fixed effects
models is that they allow the separation and investigation of both of
these components.
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Appendices

Appendix 1. Summary statistics of the variables in

Specification A
Mean Std. Min. Max.  Observations

Scores in compulsory

tests/student Overall 16.67 1.77 10.71 2348 N= 2133
Between 1.62 11.93 23.13 n= 436
Within 0.76 13.19 19.74  T-bar= 4.89

Scores in all tests/student  Overall 20.95 2.94 11.23 3469 N= 2133
Between 2.72 12.73 33.72 n= 436
Within 1.22 16.28 27.06  T-bar= 4.89

Grade point average

(GPA) Overall 8.31 0.30 7.20 955 N= 2133
Between 0.27 7.48 9.46 n= 436
Within 0.13 7.27 8.80  T-bar= 4.89

Parental education Overall 389.30 81.55 186.00 75450 N= 2133
Between 7225 25830  720.10 n= 436
Within 30.17 172.89 53450 T-bar= 4.89

Proportion of white collar

workers Overall 20.69 10.36 0.00 66.20 N= 2133
Between 9.62 4.28 60.76 n= 436
Within 4.11 -6.75 46.05  T-bar= 4.89

Proportion of single

parents Overall 13.95 6.35 0.00 66.70 N= 2133
Between 4.67 2.92 30.06 n= 436
Within 4.31 -0.79 50.59  T-bar= 4.89

SD of grades in the

matriculation examination Overall 4.69 0.68 2.34 819 N= 2133
Between 0.48 3.04 6.08 n= 436
Within 0.49 2.57 8.24  T-bar= 4.89

Proportion of females Overall 0.57 0.10 0.11 1.00 N= 2133
Between 0.07 0.32 0.81 n= 436
Within 0.07 0.25 0.89  T-bar= 4.89

Proportion of Swedish

speakers Overall 0.06 0.22 0.00 1.00 N= 2133
Between 0.22 0.00 097 n= 436
Within 0.02 -0.18 0.37  T-bar= 4.89

Teaching

expenditures/students Overall 3495.08 987.50 1819.50 12991.63 N= 2133
Between 97592 1985.74 11120.66 n= 436
Within 237.79 139540 5368.72 T-bar= 4.89

Other expenditues/student  Overall 1085.40 35238 38334 327637 N= 2133
Between 360.29  434.89 311831 n= 436
Within 116.08 44848 1700.16 T-bar= 4.89

Mean length of studies Overall 3.11 0.11 2.53 3.75 N= 2133
Between 0.09 2.93 359 n= 436
Within 0.06 2.66 3.51 T-bar= 4.89

Mean participation in test

periods Overall 1.79 0.28 1.00 3.00 N= 2133
Between 0.22 1.26 245 n= 436
Within 0.17 1.10 2.68  T-bar= 4.89
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Appendix 1. continues
School size Overall 252.76 14943 23.00 879.00 N= 2133
Between 147.51 28.00 840.00 n= 436
Within 17.69 72.16 477.16  T-bar= 4.89
Languages Overall 0.01 0.09 0.00 1.00 N= 2133
Between 0.08 0.00 1.00 n= 436
Within 0.03 -0.79 0.41 T-bar = 4.89
Mathematics and science ~ Overall 0.03 0.17 0.00 1.00 N= 2133
Between 0.17 0.00 1.00  n= 436
Within 0.00 0.03 0.03 T-bar = 4.89
Music and arts Overall 0.04 0.19 0.00 1.00  N= 2133
Between 0.19 0.00 1.00 n= 436
Within 0.03 -0.76 0.64  T-bar= 4.89
Sports Overall 0.03 0.17 0.00 1.00 N= 2133
Between 0.16 0.00 0.00 n= 436
Within 0.00 0.03 0.03 T-bar = 4.89
Private schools Overall 0.06 0.23 0.00 1.00 N= 2133
Between 0.23 0.00 1.00 n= 436
Within 0.02 -0.54 0.46  T-bar= 4.89
State owned Overall 0.01 0.11 0.00 1.00 N= 2133
Between 0.15 0.00 1.00  n= 436
Within 0.00 0.01 0.01 T-bar = 4.89
Densely populated area Overall 0.20 0.40 0.00 1.00 N= 2133
Between 0.40 0.00 1.00 n= 436
Within 0.00 0.20 0.20  T-bar= 4.89
Rural area Overall 0.33 0.47 0.00 1.00 N= 2133
Between 0.47 0.00 1.00  n= 436
Within 0.00 0.33 0.33 T-bar = 4.89
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Appendix 2.

Summary statistics for variables in

Specification B
Mean  Std. Dev.  Min Max Observations

Scores in compulsory

tests/student Overall 16.59 1.66 10.71 2330 N= 1798
Between 1.51 11.93 22.68 n= 376
Within 0.73 13.68 19.37  T-bar=4.78

Scores in all tests/student ~ Overall 20.82 2.69 11.23 33.89 N= 1798
Between 2.47 12.73 32.78 n= 376
Within 1.18 17.27 25774  T-bar=4.78

Grade point average (GPA) Overall 8.30 0.28 7.20 9.55 N= 1798
Between 0.25 7.48 9.48 n= 376
Within 0.13 7.26 8.77 T-bar =4.78

Parental education Overall 381.30 74.38 186.00  702.50 N= 1798
Between 70.17 261.70  673.60 n= 376
Within 28.39 237.70 51440 T-bar=4.78

Proportion of white collar

workers Overall 19.64 9.56 0.00 5990 N= 1798
Between 8.97 4.28 55.08 n= 376
Within 3.81 -0.89 36.86  T-bar=4.78

Proportion of single

parents Overall 13.34 5.93 0.00 37.80 N= 1798
Between 435 2.92 27.55 n= 376
Within 4.07 -1.40 30.22  T-bar=4.78

SD of grades in the

matriculation examination ~ Overall 4.72 0.66 2.71 7.61 N= 1798
Between 0.47 3.32 6.08 n= 376
Within 0.47 2.90 6.93 T-bar =4.78

Proportion of female

students Overall 56.71 9.92 14.29 93.65 N= 1798
Between 7.19 32.32 80.57 n= 376
Within 6.99 27.90 81.03  T-bar=4.78

Proportion Swedish

speakers Overall 6.17 22.02 0.00 100.00 N= 1798
Between 22.17 0.00 97.06 n= 376
Within 1.14 -9.39 13.48  T-bar=4.78

Student-teacher ratio Overall 17.98 3.85 5.90 29.88 N= 1798
Between 3.62 6.03 2843 n= 376
Within 1.44 10.93 2493  T-bar=4.78

Other expenditures/student  Overall 1058.37 307.45 38334 297137 N= 1798
Between 293.78 44933 2377.88 n= 376
Within 10591  430.74 1673.13 T-bar=4.78

Mean length of studies Overall 3.11 0.10 2.53 3.65 N= 1798
Between 0.09 2.93 359  n= 376
Within 0.06 2.66 3.51 T-bar =4.78

Mean participation in test

periods Overall 1.78 0.28 1.00 2.78 N= 1798
Between 0.23 1.18 2.45 n= 376
Within 0.16 1.17 2.59 T-bar =4.78
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Appendix 2. continues

School size Overall 253.40  150.43 24.00 879.00 N= 1798
Between 149.77 27.88 83990 n= 376
Within 18.34 72.20 477.70 T-bar=4.78

Sports Overall 0.03 0.16 0.00 1.00 N= 1798
Between 0.16 0.00 1.00 n= 376
Within 0.00 0.03 0.03 T-bar =4.78

Languages and

communication Overall 0.00 0.06 0.00 1.00 N= 1798
Between 0.06 0.00 1.00 n= 376
Within 0.03 -0.60 0.40 T-bar=4.78

Music and arts Overall 0.04 0.20 0.00 1.00 N= 1798
Between 0.20 0.00 1.00 n= 376
Within 0.00 0.04 0.04 T-bar=4.78

Mathematics and science Overall 0.02 0.15 0.00 1.00 N= 1798
Between 0.15 0.00 1.00 n= 376
Within 0.00 0.02 0.02 T-bar=4.78
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Appendix 3. The results of stochastic frontier models for panel
data from 2000-2004. Dependent variable: scores
in all tests in the matriculation examination.

Specification A
Pooled panel Random Fixed effects True fixed
data model effects model model effects model
GPA 2.210 2.296 2.271 2.258
(35.25)** (44.54)** (18.51)** (39.57)**
Parental education 0.165 0.088 0.047 0.179
(8.25)** (5.23)** (2.09)* (11.38)**
% white collar workers 0.001 0.001 0.001 0.001
(3.39)** (3.14)** (2.55)* (3.11)**
% single parents -0.001 -0.0004 -0.0001 -0.002
(-4.47)** (-1.59) (-0.18) (-7.59)**
Teaching expenditures/students -0.013 -0.019 0.025 -0.012
(-1.07) (-1.25) (0.79) (-1.46)
Other expenditures/student 0.001 0.012 0.030 0.010
(0.19) (1.40) (2.13)* (2.12)*
SD of matriculation
examination -0.085 -0.053 -0.017 -0.089
(-6.39)** (-4.76)** (-1.35) (-7.82)%*
% female 0.001 0.001 0.0004 0.001
(5.64)** (3.58)** (2.54)* (7.00)**
% Swedish speaking 0.001 0.001 0.0002 0.001
(12.10)** (7.54)** (0.19) (17.48)**
Mean length of studies -0.292 -0.082 -0.070 -0.274
(-4.81)** (-1.84) (-1.12) (-6.42)**
Mean participation in exam
periods -0.114 -0.090 -0.108 -0.112
(-9.79)** (-7.97)** (-6.62)** (-13.50)**
School size -0.014 -0.018 -0.017 -0.018
(-2.72)** (-3.05)** (-0.82) (-5.50)%*
Languages and communication 0.049 0.036 -0.010 0.042
(2.55)* (4.22)** (-0.25) (3.30)**
Mathematics and sciences -0.011 -0.018
(-1.09) (-1.25)
Music and arts -0.008 -0.001 0.014 -0.013
(-0.79) (-0.07) (0.51) (-2.10)*
Sports 0.028 0.007
(2.50)* (0.49)
Private schools -0.002 0.028
(-0.23) (3.15)**
State owned schools 0.071 0.136
(4.05)** (11.97)**
Densely populated area 0.020 -0.006
(3.90)** (-0.67)
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Appendix 3. continues
Rural area 0.017 -0.014
(2.57)* (-1.60)
Year 0.002 0.003 0.001 0.003
(1.22) (3.46)** (0.75) (34.69)**
Constant -5.213 -8.220 -4.712
(-1.97)* (-4.68)** (-1.48)
Lambda 0.872 0.234 0.878
(15.05)** (17.07)** (12.00)**
Sigma(v) 0.068 0.489 0.078
Sigma(u) 0.059 0.114 0.088
Het: School size -0.883
(-21.76)**
Log-L 2451.86 3004.05 2718.55
No. of obs. 2133 2133 2133 2133
No. of schools 436 436 436 436

Note. T-values in parentheses, robust t-values in the fixed effects model. *Significant at 5%,
**Significant at 1%. All explanatory variables in a logarithmic form except ratios. Schools
maintained by the municipalities are the reference group for the private and state own schools.
Schools with general curriculum are the reference group for the schools with specialized curriculum.
Schools in urban areas are the reference group for the schools in densely populated or rural areas.
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Appendix 4.

The results of stochastic frontier models for panel

data from 2000-2004. Dependent variable: scores
in all tests in the matriculation examination.

Specification B
Pooled panel Random True random  Fixed effects  True fixed
data model  effects model  effects model model effects model
GPA 2.220 2258 2.263 2.208 2.249
(32.48)** (39.94)** (58.17)** (16.49)** (36.72)**
Parental education 0.129 0.086 0.068 0.046 0.134
(5.98)** (4.59)** (5.32)** (1.96)* (8.21)**
% white collar workers 0.001 0.001 0.001 0.001 0.001
(3.02)** (2.5D)* (5.11)** (2.54)* (2.94)**
% single parents -0.001 -0.0004 -0.0002 0.0001 -0.002
(-3.46)** (-1.50) (-0.78) (0.41) (-6.16)**
Student-teacher ratio 0.001 0.027 -0.004 0.015 0.007
(0.14) (2.72)** (-0.71) (0.80) (1.18)
Other expenditures per student 0.007 0.021 0.015 0.031 0.008
(0.95) (2.20)* (2.87)** (1.96)* (1.55)
SD of matriculation
examination scores -0.081 -0.044 -0.022 -0.003 -0.091
(-5.55)** (-3.69)** (-2.38)* (-0.22) (-7.67)**
% female 0.001 0.001 0.001 0.001 0.001
(4.52)** (3.42)%* (4.70)** (2.57)** (5.61)**
% Swedish speaking 0.001 0.001 0.001 0.0003 0.001
(11.88)** (7.95)%* (21.47)** (0.35) (17.50)**
Mean length of studies -0.260 -0.075 -0.178 -0.137 -0.217
(-3.99)** (-1.60) (-4.33)** (-2.08)* (-4.84)**
Mean participation in exam
periods -0.118 -0.093 -0.103 -0.106 -0.118
(-9.47)** (-7.69)** (-13.53)** (-6.04)** (-13.62)**
Densely populated area 0.019 -0.005 0.012
(3.48)** (-0.69) (3.31)**
Rural area 0.015 -0.013 0.006
(2.16)* (-1.41) (1.30)
School size -0.002 -0.013 -0.001 -0.050 -0.009
(-0.39) (-1.85) (-0.31) (-2.16)* (-2.93)**
Languages and communication 0.015 -0.042 -0.027 -0.066 0.015
(0.52) (-1.91) (-1.33) (-3.81)** (0.79)
Mathematics and sciences -0.016 -0.005 -0.018
(-1.36) (-0.30) (-2.18)*
Music and arts -0.009 0.001 -0.001
(-0.87) (0.10) (-0.17)
Sports 0.025 0.015 0.007
(2.08)* (1.14) (0.85)
Year 0.002 0.002 0.002 0.001 0.003
(1.19) (2.37)* (2.12)* (0.84) (36.79)**
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Appendix continues
Constant -5.344 -6.590 -4.037
(-1.91) (-3.55)%* (-142)

Lambda 1.044 0.208 0.881 1.208

(15.94)%%  (15.57)** (5.95)%* (15.34)%*
Sigma(v) 0.066 0.513 0.044 0.080
Sigma(u) 0.063 0.107 0.038 0.097
Het: School size -0.907

(-19.50)%*

Log-L 2110.30 2574.50 -2480.68 2329.63
No. of obs. 376 376 376 376 376
No. of schools 1798 1798 1798 1798 1798

Note. T-values in parentheses, robust t-values in the fixed effects model. *Significant at 5%,
**Significant at 1%. All explanatory variables in a logarithmic form except ratios. Schools
maintained by the municipalities are the reference group for the private and state own schools.
Schools with general curriculum are the reference group for the schools with specialized curriculum.
Schools in urban areas are the reference group for the schools in densely populated or rural areas.
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Appendix 5. Average inefficiency, standard deviation,
minimum and maximum in panel data models
using scores in compulsory tests in the
matriculation examination as the dependent
variable. Specification A

Standard
Average deviation ~ Minimum Maximum

Pooled panel data model

2000 0.044 0.021 0.009 0.159
2001 0.044 0.023 0.008 0.143
2002 0.047 0.023 0.010 0.131
2003 0.045 0.023 0.011 0.171
2004 0.044 0.020 0.010 0.142
Random effects model
2000 0.064 0.042 0.002 0.252
2001 0.064 0.042 0.002 0.252
2002 0.064 0.042 0.002 0.252
2003 0.064 0.041 0.002 0.252
2004 0.064 0.042 0.002 0.252
True random effects model
2000 0.027 0.010 0.005 0.102
2001 0.027 0.010 0.010 0.071
2002 0.029 0.010 0.010 0.084
2003 0.027 0.010 0.009 0.095
2004 0.026 0.011 0.010 0.087
Fixed effects model
2000 0.155 0.046 0.000 0.295
2001 0.155 0.046 0.000 0.295
2002 0.155 0.046 0.000 0.295
2003 0.154 0.046 0.000 0.295
2004 0.154 0.046 0.000 0.295
True fixed effects model
2000 0.055 0.014 0.020 0.143
2001 0.055 0.014 0.023 0.115
2002 0.059 0.014 0.026 0.132
2003 0.056 0.014 0.025 0.136
2004 0.056 0.015 0.024 0.134
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Appendix 6. Average inefficiency, standard deviation,
minimum and maximum in panel data models
using scores in all tests in the matriculation
examination as the dependent variable.
Specification A

Standard
Average deviation  Minimum Maximum

Pooled panel data model

2000 0.048 0.017 0.010 0.125
2001 0.047 0.018 0.015 0.131
2002 0.049 0.018 0.017 0.120
2003 0.049 0.019 0.016 0.187
2004 0.047 0.017 0.017 0.148
Random effects model

2000 0.094 0.058 0.003 0.347
2001 0.094 0.058 0.003 0.347
2002 0.094 0.058 0.003 0.347
2003 0.096 0.060 0.003 0.347
2004 0.096 0.060 0.003 0.347
Fixed effects model

2000 0.273 0.054 0.104 0.426
2001 0.273 0.056 0.000 0.426
2002 0.273 0.056 0.000 0.426
2003 0.272 0.055 0.000 0.426
2004 0.272 0.055 0.000 0.426
True fixed effects model

2000 0.056 0.010 0.024 0.116
2001 0.056 0.009 0.031 0.097
2002 0.058 0.009 0.031 0.100
2003 0.058 0.009 0.037 0.120
2004 0.057 0.011 0.028 0.112
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Appendix 7.

Average inefficiency, standard deviation,

minimum and maximum in panel data models
using scores in compulsory tests in the

matriculation examination as the dependent

variable. Specification B

Pooled panel data model

Random effects model

True random effects model

Fixed effects model

True fixed effects model

2000
2001
2002
2003
2004

2000
2001
2002
2003
2004

2000
2001
2002
2003
2004

2000
2001
2002
2003
2004

2000
2001
2002
2003
2004

Standard
Average deviation ~ Minimum Maximum
0.026 0.008 0.010 0.066
0.026 0.008 0.009 0.068
0.027 0.007 0.010 0.055
0.026 0.008 0.011 0.061
0.026 0.007 0.011 0.052
0.064 0.041 0.002 0.214
0.065 0.043 0.002 0214
0.065 0.043 0.002 0214
0.065 0.042 0.002 0214
0.065 0.042 0.002 0214
0.029 0.012 0.006 0.120
0.030 0.014 0.009 0.091
0.032 0.012 0.012 0.099
0.030 0.013 0.008 0.105
0.029 0.013 0.010 0.103
0.175 0.054 0.000 0.315
0.175 0.057 0.000 0.315
0.176 0.057 0.000 0.315
0.174 0.057 0.000 0.315
0.174 0.057 0.000 0.315
0.055 0.014 0.020 0.146
0.056 0.014 0.024 0.119
0.059 0.013 0.027 0.132
0.057 0.015 0.025 0.138
0.056 0.015 0.024 0.135
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Appendix 8. Average inefficiency, standard deviation,
minimum and maximum in panel data models
using scores in all tests in the matriculation
examination as the dependent variable.
Specification B

Standard
Average deviation ~ Minimum Maximum

Pooled panel data model

2000 0.053 0.022 0.009 0.154
2001 0.052 0.023 0.014 0.157
2002 0.053 0.022 0.018 0.140
2003 0.054 0.024 0.016 0.220
2004 0.051 0.021 0.015 0.174
Random effects model
2000 0.088 0.053 0.003 0.291
2001 0.089 0.056 0.003 0.291
2002 0.089 0.056 0.003 0.291
2003 0.089 0.055 0.003 0.291
2004 0.088 0.055 0.003 0.291
True random effects model
2000 0.030 0.010 0.007 0.107
2001 0.030 0.010 0.011 0.079
2002 0.031 0.009 0.012 0.075
2003 0.031 0.011 0.013 0.107
2004 0.029 0.011 0.011 0.096
Fixed effects model
2000 0.179 0.061 0.000 0.341
2001 0.179 0.064 0.000 0.341
2002 0.179 0.064 0.000 0.341
2003 0.179 0.064 0.000 0.341
2004 0.179 0.063 0.000 0.341
True fixed effects model
2000 0.068 0.015 0.024 0.167
2001 0.068 0.015 0.032 0.134
2002 0.070 0.014 0.032 0.140
2003 0.070 0.016 0.040 0.175
2004 0.068 0.016 0.031 0.161

51



52



Article IV







Understanding efficiency differences of schools

UNDERSTANDING EFFICIENCY
DIFFERENCES OF SCHOOLS:
PRACTITIONERS’ VIEWS ON

STUDENTS, STAFF RELATIONS,

SCHOOL MANAGEMENT AND THE
CURRICULUM

Tanja Kirjavainen

Abstract

This study analyses the views of the staff members of nine general
upper secondary schools that were mostly in the upper or lower tails of
the efficiency distribution measured with stochastic frontier analysis
and aims at further describing the schools. Teachers and principals
were interviewed on their views about the students, staff relations,
school management, curriculum work, parent-school relations,
teacher training, and evaluation. In efficient schools, views concerning
the students were caring, appreciating all students, including the
weaker ones. Respecting views were also present, with students’ own
initative being respected. In inefficient schools there was more often
frustration or disappointment at the low performance of the students.
In efficient schools, staff relations were professional, whereas in
inefficient schools problems more often occurred. Management and
decision making were participative in efficient schools and teachers
were happy with their possibilities to influence school matters. In
inefficient schools, there were more often disappointments and
frustrated views about the management and possibilities to have an
influence. Curriculum work was more often seen as way to develop
the school and the work in efficient schools. In inefficient schools, it
was considered as an administrative measure.

Key words: Efficiency, General upper secondary schools, School
management, Staft relations, Stochastic frontier analysis
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Understanding efficiency differences of schools

1. Introduction

In educational research, school effectiveness research has the aim
of identifying school processes that characterize effective schools.
Effective schools are determined as those having the highest student
performance taking into account their intake of students. The research
setting is similar to studies on efficiency differences. As effective
school research bases the identification of effective schools mainly
on student achievement corrected with earlier test scores and family
background, studies on school efficiency also take into account
school resources. In addition, the methods for identifing differences
are distinct. School effectivenss studies usually apply multilevel
modelling based on individual level data.! Studies of school
efficiency use school or district level data and either parametric or
non-parametric methods for efficiency measurement.?

In school effectiveness research, both quantitative and qualitative
methods are used to examine school processes. Studies have usually
concentrated on the effect of school climate, leadership, instructional
arrangements, staff development, and monitoring on effectiveness.’
In school efficiency literature the main emphasis has been on
quantitative methods both in determining as well as in explaining
efficiency differences.* Explanatory factors that have been used relate
to school size, governance, and competition (see e.g. Bradley et al.,
2001; Duncombe et al., 1997; Grosskopf et al., 2001; Kirjavainen
and Loikkanen, 1998). In recent studies, qualitative approaches have
also been used to study the role of school leadership, management,
staff relations and evaluation practices (Dodd, 2006; Portela and
Camanho, 2007).

In this study, I follow earlier case studies of effective schools
and school efficiency by investigating the school practices and
characteristics of nine Finnish general upper secondary schools that

! For multilevel modelling see e.g. Goldstein (2003) and Raudenbush and Bryk (2002).
2 For methods of efficiency measurement see e.g. Coelli ef al. (1999).

3 See for reviews Teddlie and Reynolds (2000) and Sammons (1999).

4 See for reviews Johnes (2004) and Worthington (2001).



were mostly in the upper and lower tails in the efficiency distributions
based on earlier analysis (Kirjavainen, 2007a). I concentrate on the
views of principals and teachers on students, staff relations, school
governance and management and curriculum development. The
analysis is mainly based on semistructured interviews of principals
and teachers. In analyzing the interview data, I first group the schools
into categories based on the themes emerging from the interview texts
and then concentrate on describing the characteristics of the emerging
categories in more detail. Thus, my approach is different from
earlier studies (see e.g. Sammons et al., 1998; Dodd, 2006; Portela
and Camanho, 2007) that analyze and describe the school practices
and views of the practitioners within different categories of school
efficiency (schools with high and/or low efficiency). Only at the end
of the study, I discuss the relation of the emerging categories with
efficiency. With such an approach, I try to illuminate the differences
in views and practices within each theme in more detail and attempt
to create some new insights into the evaluation of schools and their
performance.

The identification of efficiency differences is also different from
earlier studies. It is based on stochastic frontier analysis and use of
a five-year panel data of Finnish general upper secondary schools
and students graduating in 2000-2004 (see Kirjavainen, 2007a). The
panel data enabled the identification of school-specific effects that are
constant through time. These effects are interpreted as inefficiency in
this study.

In efficiency measurement, the concept of technical efficiency was
used. It refers to the ratio of observed to maximum potential outputs
obtainable from the given inputs. School output was measured
with average grades in compulsory subjects in the matriculation
examination. The explanatory model controlled for the comprehensive
school Grade Point Average (GPA) and family background. School
resources inputs are measured with teaching expenditures and
other expenditures. In addition, the model controlled for the length
of studies, the average decentralization rate in the matriculation
examination, school size, whether the school is municipal, private
or state run, and the location of the school. With a high number of
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controls it was possible to exlude the most important student-related
factors that affect student achievement.

The findings of school effectiveness research have shown that
effective schools are characterized by outstanding leadership,
effective instructional arrangements, focus on student acquisition
of central learning skills, a productive school climate and culture,
high operationalized expectations and requirements for students,
appropriate monitoring of student progress, practice-oriented staff
development at the school site, and salient parental involvement (see
e.g. Reynolds and Teddlie, 2000).

According to results of this study, many of the findings related to staff
relations, school governance and management and curriculum work
were similar to earlier school effectiveness studies. Hence, efficiency
measured with stochastic frontier analysis using panel data seem to
produce similar results to earlier studies using different methods. In
efficient schools, staff relations were professional and good, school
governance and management was characterized as participative
and school curriculum work as a way to develop the school and the
work.

Views concerning students have not been so often addressed and the
analysis of this study showed that they differed between the efficient
and inefficient schools. In schools with highest efficiency, staff
members’ views concerning students were attentive emphasizing the
care of all students, especially the weaker ones. The study also showed
that some of the findings of school effectiveness studies related to
evaluation and monitoring practices, staff development and parent-
school relations did not apply to Finnish general upper secondary
schools or at least to case schools of this study.

The paper continues as follows. In section 2, previous studies on
effective and efficient schools are discussed. The design of the
study is introduced in section 3 by first briefly discussing efficiency
measurement and then describing inefficiency and other characteristics
of the selected case schools. At the end of the section the data and



analysis methods are presented. Sections 4 and 5 provide analysis of
the interviews and section 6 concludes.

2. Research on effective and efficient schools

In the following, I briefly review some of the most influential and
significant European studies on effective schools in order to illustrate
their methods and results. A few recent studies on the efficiency of
schools that complement the results of efficiency measurement with
case studies are also discussed.

One of the early studies in school effectiveness research was a
case study by Rutter et al. (1979) on English secondary schools.
It concentrated on examining how differences in various school
outcomes were related to school processes after taking into account
the school intake. The data comprised 12 inner city schools in the
London area that differed in terms of various outcomes. Rutter et al.
had measures related to the intake of schools for assessing various
characteristics of the students, the process of schooling concentrating
on the social organization of the schools, and the outcomes of
schooling. In addition, there were also some ecological measures
referring to certain context or environmental factors. A large and
rich data set was collected from the case schools that included
questionnaires, interviews and observations. The report concentrated
on discussing the correlates of the various measures.

The results of Rutter ef a/. demonstrated that the outcome measures
were fairly stable over time and schools performing well in one
measure usually also performed well in other measures. Differences
in various outcomes were not, however, wholly accounted for by the
background of students, physical factors such as the size of the school,
the age of the buildings or the space available, administrative status or
organization. Instead, differences were systematically related to the
schools’characteristics as social institutions. Factors such as the degree
of academic emphasis, teacher actions in lessons, the availability of
incentives and rewards, good conditions for pupils, and the extent to
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which children were able to take responsibility were all significantly
related to variation between schools. Outcomes were also influenced
by the factors outside the immediate control of the teachers. The
socioeconomic status of the students, for example, was positively
related to outcomes. It did not, however, influence the functioning of
the schools based on measures of school processes. The total pattern
of findings by Rutter et al. indicated a strong probability that the
associations between school process and outcomes partly reflect a
causal process. This means that to some extent the behaviour and
attitudes of students are shaped and influenced by their experiences
at school and especially by the qualities of the school as a social
institution.

Mortimore et al. (1988) used a quite similar approach to investigate
primary schools in England. In their study, students aged 7 to 11 in 50
randomly selected schools were followed up for four years. During the
four years, various types of data were gathered describing the intake,
student outcomes, cognitive and non-cognitive outcomes, classroom
and school environment, school and class organization and policies,
teacher strategies, views of parents and school life. Questionnaires,
interviews and observations were used to collect information on these
matters. The analysis of the data was mostly quantitative and applied
various statistical methods. Interviews and observational data were
mainly used to complement the statistical analyses and broaden the
description of school processes.

According to the findings of Mortimore et al. (1988), some schools
were better at fostering pupils’ cognitive and non-cognitive skills,
taking into account the intake of the schools, and the eftect of the school
was even greater than the effect of socioeconomic background of the
students. Mortimore ef a/. identified 12 key factors that differentiated
effective from ineffective schools. These were purposeful leadership
of the staff by the headteacher, the involvement of the deputy
head, the involvement of teachers, consistency amongst teachers,
structured sessions, intellectually challenging teaching, work-
centered environment, a limited focus within sessions, maximum
communication between teachers and pupils, record keeping, parental
involvement, and a positive climate.



According to Mortimore ef al. (1988), effective schools were friendly
and supportive environments led by heads who were not afraid to
assert their views and yet be able to share management and decision
making with staff. Class teachers within effective schools provided a
structured learning situation for their pupils but gave them freedom
with this framework. By being flexible in their use of whole class,
group and individual contacts, they maximized communication with
each pupil. Furthermore, through limiting their focus within sessions,
their attention was less fragmented. Hence, the opportunities
for developing a work-centered environment and for presenting
challenging work to pupils increased.

Sammons et al. (1998) studied six inner London secondary schools
that were outliers based on value added analysis of 94 schools. These
included schools with low performance, high performance and schools
with mixed effects. Headteachers and deputy heads were questioned
about the processes of effectiveness. The results of Sammons et al.
confirmed many of the earlier results concerning effective schools.
According to them, effective schools were characterized as having
high expectations and an emphasis on academic achievement, staff
consensus and a shared vision of the purpose of the school, great stress
on on the headteacher’s leadership, a strong senior management team,
the high importance of the quality of teaching, the importance of high
examination entry and effective homework policies and practicies,
encouragement of parental involvement and feedback. Ineffective
and mixed schools were found to have problems in pupil behavior
and attendance, whereas good behaviour and attendance were seen
as necessary conditions for academic effectiveness, allowing the
creation of a safe and orderly working environment and contributing
to a positive culture.

Similar studies have also been conducted concerning U.S. schools (see
e.g. Brookover et al., 1979 and Teddlie and Stringfield, 1993). The
results of these and numerous other studies have been summarized
by various researchers (see e.g. Purkey and Smith, 1983; Levine and
Lezotte, 1990; Scheerens and Bosker, 1997; Sammons, 1999; Teddlie
and Reynolds, 2000). These summaries have come up with a list of
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most important characteristics of effective schools. Factors that are
in many reviews associated with effective schools include strong
educational leadership, high expectations of student achievement,
emphasis on basic skills, maximized time for learning, a safe and
orderly climate, practice-oriented staff development at the school site,
parental involvement and support, monitoring of student progress,
and clear goals. Other correlates include school-site management
that allows schools to decide on ways to improveme academic
performance, instructional leadership that initiates and maintains the
development process, staff stability, clear curriculum articulation and
organization, schoolwide recognition of academic success, district
support, collaborative planning and collegial relationship among
staff, and a sense of community.

One of the few studies on school efficiency investigating the school
characteristics and their impact on efficiency has concerned English
secondary schools (Dodd, 2006). This study differs from the school
effectiveness studies in the sense that it used data envelopment
analysis (DEA) to identify unusually efficient schools. Several other
inputs such as expenditures and teacher qualifications were also used
in addition to measures of students’ socioeconomic background and
earlier school achievement.

The study aimed at verifying the results of DEA, investigating why
these schools were efficient, and identifying the good practices
that would contribute to school’s efficiency. Case study methods
were applied to 38 effective schools that were peers for over 100
other secondary schools. Information concerning leadership and
governance, people management, policy and strategy, partnership and
resources, and processes were gathered during visits to these schools.
Staff members and in some schools also the parents participated in
structured interviews. In addition, important documents such as the
curriculum, strategic plans, and annual budgets were gathered and
analysed in the study.

According to Dodd (2006) there were many characteristics that were
common to efficient schools. However, the schools did also vary and



not all characteristics were present in every school. Dodd identified
such characteristics as a school ethos that emphasized learning and
achievement, very strong leadership personalized in the head teacher
but extending throughout the senior leadership team, monitoring of
student performance and goal setting based on earlier results, very
strong emphasis on the recruitment, retention and development
of high quality staff, the staff’s willingness to place extra effort
on offerering support measures to students, the development of a
curriculum that would reflect the needs of the students, inclusiveness
so that every child is offered an opportunity to participate in education
independent of their level of skill, proactiveness in seeking additional
funding, strong commitment to planning, and extensive use of and
investment in ICT. Dodd also found correlates that would be expected
to contribute to school effectiveness but did not. They were related to
school governance, the setting and class size, financial management,
and the learning environment.

A study by Portela and Camanho (2007) has also taken a closer look
at some of the secondary schools in Portugal based on their DEA
efficiency scores. With the case study material from three benchmark
schools and a few other schools, their purpose was to verify the results
of efficiency analysis and identify the efficient school practices of
benchmark schools. Even though Portela and Camanho did not
state how these schools were studied, they came up with a list of
characterisitics that differentiated the benchmark schools from other
schools. According to their results, the benchmark schools had good
resources and infrastructure, a motivated and stable body of teachers,
a well defined and inclusive school mission, effective control, self-
evaluation and rigorous use of student performance data, a high
number of extra-curricular activities with a reasonable involvement of
teachers and students, involvement of student’ parents, and leadership
well adapted to the school context.

Both studies suffered some shortcomings. No description is provided
of how the results were obtained. Especially the study by Portela and
Camanho (2007) lacks analysis, since there is no description of the
case data and methods used for constructing the features of effective
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schools. Dodd (2006) only examined efficient schools. Since there was
no comparison group, it might well be that the same characteristics
are also present in the less efficient schools. The need for comparison
is also widely established in the school effectiveness literature (see
e.g. Purkey and Smith, 1983; Reynolds and Packer, 1992; Gray and
Wilcox, 1995; Sammons ef al. 1998).

School effectiveness research has been subject to much criticism
in past years.” One focus of the criticism is associated with the fact
that the practices of effective schools explain very little of the total
variation in student achievement. For example, Scheerens and Bosker
(1997) revealed in their meta-analysis that such school organizational
factors as a productive climate and culture, pressure for achievement
in basic subjects, educational leadership, monitoring/evaluation,
cooperation/consensus, parental involvement, staff development,
high expectations, and an orderly climate are only weakly related to
school effectiveness based on the results of statistical studies.

The idea of stuying and detecting the features of effective schools
and transferring their practices directly to ineffective schools has
also been criticized. As mentioned by Reynolds and Teddlie (2001),
there may be whole areas of schooling that are central to educational
life in non-effective schools that simply cannot be seen in effective
schools, such as staff groups that possess ‘cliques’ or interpersonal
conflict between staff members, for example. To propose dropping
into the context of the ineffective schools those factors that exist in
the effective schools may be to generate simply unreachable goals
for the ineffective schools, since the distance between the practice of
one setting and the practice of another may be too great to be easily
bridged. Therefore, Reynolds and Teddlie emphasize the importance
of also studying school failure.

Research on failing schools has especially concentrated on the
unfavourable context and environment in which these schools are
working. Nicolaidou and Ainschow (2005) analysed the experiences

3 Seee. g. Coe and Fizz-Gibbon (1998) and Goldstein and Woodhouse (2000). For a review
of the criticism, see Luyten et al., 2005.

11



and cultures of English schools judged as failing by the authorities
and therefore being subject to special measures. Their study
revealed that where the improvement efforts failed it was because
of the assumption that such schools are faced with predictable and
straightforward problems. According to Nicolaidou and Ainschow,
the actual situation is quite the contrary and the schools are facing
complex and simultaneously unique issues. Because of this, no one
leadership style fits best, but there is a need for a reflective and shared
leadership style that is adaptable to the schools’ specific culture. The
study also stressed the importance of studying cultural assumptions,
since they provide insights into the way schools function and also
facilitiate efforts at improvement.

The impact of the school context was also emhapsized in Lupton’s
(2005) study, which concentrated on examining its connection
with the quality of schools. She studied four secondary schools in
disadvantaged areas in England. According to Lupton, a high-poverty
context exerts downward pressure on quality, and improvement
measures concentrating solely on upskilling and motivating the staff
will not lead to improved quality. The only way to ensure high quality
is to provide additional resources because the schools in high-poverty
areas face many additional tasks in addition to teaching. Lupton
concluded that a higher level of resources provides the possibility to
increase the organizational capacity of schools to better respond to
the various problems of students.

3.  Design of the study
Measurement of efficiency

Evaluation of the efficiency of the case schools was conducted
statistically using Stochastic Frontier Analysis (SFA). Compared to
ordinary statistical methods such as OLS, in SFA the error term is
divided into a normally distributed error term and inefficiency.® As
for the unit of observation, the identification of efficiency is based

® For the method, see Kumbhakar and Lovell (2000) and Greene (2005a, b).
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on school- as opposed to student-level data as used in earlier school
effectiveness studies applying multilevel models.’

The efficiency evaluation of the case schools was originally based on
different stochastic frontier models that vary in how they treat and
interpret the school effect, which is constant through time and not
captured by the explanatory factors of the models. Here, the results of
random and fixed effects models are considered. In these models the
time constant effect is interpreted as inefficiency.® The data comprised
436 day schools from the years 2000-2004. The stochastic frontier
models and the efficiency measurement are discussed in more detail
in Kirjavainen (2007a; b).

The output of schools was measured with compulsory grades in
matriculation examination. As for the explanatory variables, earlier
student achievement was controlled with comprehensive school
GPA. Students’ socio-economic background was measured with the
parents’ educational level, the proportion of white-collar workers
and the proportion of single parents. Other variables characterizing
students were the proportion of female students and the proportion
of Swedish-speaking students. The resource inputs were measured
in monetary terms with two variables, teaching expenditures per
student and other expenditures per student’. In addition, the model
contained a variable measuring the length of the studies, the average
decentralization rate in matriculation examinations'’, and the location
(urban, densely populated and rural area) and size of the school.

7 Efficiency measurement with multilevel models is described in Johnes (2004). For
multilevel modeling see e.g. Goldstein (2003) and Raudenbush and Bryk (2002).

8 Efficiency based on random and fixed effects models is discussed in this study because
the study concentrates on organizational characteristics that undergo very little yearly
fluctuation. These models depict the time constant variation across schools as inefficiency.
The inefficiency term in other stochastic frontier models fluctuates yearly. In true random
and true fixed effects models, inefficiency and time constant heterogeneity are separated.
The inefficiency term captures small yearly variations in input and output variables which
may be very difficult to explain with organizational characteristics.

9 Other current expenditures consist of the cost of meals, health care and counselling,
administration, and rents for the school premises.

10 Tests can be taken in three consecutive examination periods.

13



The models also included a dummy for private schools and state-
owned schools. The comparison group was schools maintained by
the municipalities (the majority of schools).

Selection of case schools

Initally, the case schools were selected based on their inefficiency
in an earlier study (see Kirjavainen, 1999). The problem with this
setting, however, was that there was a considerable time lag between
the efficiency measurement and the case study data collection. The
efficiency measurement data was based on a cross-section of students
graduating in 1991 and the selection of case schools as well as the
data collection took place in 1999.

A few years ago [ had an opportunity to conduct an efficiency analysis
of general upper secondary schools using good quality data from
students and schools that completed their studies in 2000 — 2004.
Since some of the stochastic frontier models used in the study
clearly divided the case schools into ones with a high and with a low
inefficiency, I decided to take this measurement as the reference point.
In doing so I was able to avoid the problem arising from the time
lag which is quite typical in studies relating statistical data and case
studies. "' With this setting though, the two cohorts graduating in 2003
and 2004 started their studies after the data collection. Since changes
in schools usually take place quite slowly these two cohorts most
proably faced the same environment as the three earlier cohorts.

The drawback of having collected the case study data based on other
efficiency measurement is that among case schools there are no
such schools that would stay at the very bottom or very top in every
measurement. [ would, however, argue that since there is instability
in the rankings between different stochastic frontier models it would
be difficult to find cases that would robustly maintain their position
in different measurements and models. Besides, with the analysis
method adopted in this study, it is possible to study if the emerging
categorizations have different effect on efficiency in different

11 See Sammons et al. (1998) for problems in retrospective studies.
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stochastic frontier models. As such, it gives additional insights to the
interpretation of the results of efficiency measurement.

In the selection process, other factors besides efficiency were also
considered. All the schools were Finnish speaking in order to make
them comparable and because there were no Swedish speaking
research assistance availabe. The sample included schools having
quite a high comprehensive school GPA as well as schools accepting
all the applicants. Some of the schools had been performing poorly
and some exceptionally well in matriculation examination. The
location of the schools also varied from urban to rural areas.'? Both
large and small schools were included, with the size of the schools
ranging from around 100 to 700 students. The selected schools had
also participated in the earlier survey in 1995 (see Kirjavainen, 1999),
so that additional information was available on their organizational
practices some years earlier. In the following, the names that I use to
refer to each school are fictitious.

Efficiency of case schools

The efficiency of schools is depicted with an inefficiency score. This
varies between 0 and 1 and the larger the figure the more inefficient
(less efficient) the school is.”> The average inefficiency differed to
some extent in random and fixed effects models (see upper part of
Table 1). The average inefficiency was higher in the fixed effects
model, at 15%. According to this model, schools could have increased
their output on average by 15%. In the random effects model, the
average inefficiency was clearly lower, some 6%. There was only
modest variation in the rankings of schools based on their inefficiency
score in these two models (for further details, see Kirjavainen 2007a;
b).

12 The schools were located in and around Helsinki and not more than 150 kilometres from
the city. This geographical constraint was set for practical reasons, i.e. to limit the amount
of travel.

13 The figures can also be interpreted as percentages indicating how much more output
school could have produced to be efficient.
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The inefficiency of case schools varied in the random effects model
from 2.4% to 20.2% (see lower part of Table 1). In the fixed effects
model the inefficiency varied from 10.2% to 27.2%.

Table 1. Descriptive statistics and inefficiency scores
of the case schools in random and fixed effects
models in 2000-2004

Random Fixed
effects model effects model
All schools
Mean 0.064 0.154
Std. dev. 0.041 0.046
Min. 0.002 0.000
Max. 0.250 0.295
Case schools
Annala 0.030 0.102
Ennala 0.024 0.114
Ilves 0.053 0.115
Laurila 0.036 0.117
Metsila 0.047 0.167
Maijala 0.134 0.214
Kontio 0.154 0.231
Talvio 0.165 0.232
Kalervo 0.202 0.272

The location of case schools in the inefficiency distribution is quite
stable between the two models (see Figure 1). With some exceptions,
these models also differentiate the schools into opposite tails of the
distribution. Kontio, Kalervo, Maijala and Talvio are among the most
inefficient schools. In order to be efficient, these schools should have
produced a clearly larger output according to results of both models.
Metsidld School is in the middle of the distribution in both models
and Annala, Ennala and Laurila schools are among the most efficient
schools (i.e. have low inefficiency). Ilves school somewhat changes
its rankings in these two models.
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Figure 1. Inefficiency distribution and the location of case
schools in the distribution in random and fixed
effects models in 2000-2004. Rankings based on

inefficiency scores are in parentheses
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Other characteristics of the case schools

Case schools differed from each other in terms of the family
background of the students, the comprehensive school GPA, the
heterogeneity of the student body, the proportion of female students,
and the matriculation examination results. In Figure 2, each school is
depicted in terms of these factors as a percentage deviation from the
corresponding national average in 2000.'"* These national averages
are depicted in the figure by the dotted circles in bold located at the
0%. Circles outside describe performance above the national average
(favorable situation for the school) and circles inside performance
below the national average. The scales of percentage single parents
(Single parents (%)) and heterogeneity (Heterogeneity) are reversed

1% In an earlier version of this paper (Kirjavainen, 2008) the dotted circle was erroneously
drawn to the 10 per cent circle. The correction of this error caused some modification of the
text.
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indicating that they usually have the opposite influence on student
performance as the other indicators in the figure. Inversing these
two indicators provide an opportunity to interpret the figure so that
performance outside the dotted circle (national average) is favourable
for the school and performance inside the circle is infavourable for
the school.

Considering the high efficiency schools, Annala general upper
secondary school was located in the Helsinki area in a wealthy and
pleasant neighbourhood. It could be characterized as an average
Finnish general upper secondary school in only one respect, namely
the share of female students was close to national average. As for
other factors, it scored clearly above the average in the matriculation
examination results, the intake and the family background of students
was clearly favourable and the heterogeneity of the student body was
lower than on average. It was larger than an average school. The
premises were quite old and unpractical and they needed renovation.
There was also upper level of comprehensive school (grades 7-9)" in
the same building. Interviewees were quite satisfied with the location
and surroundings of the school.

Ennala general upper secondary school was quite a small school
in a small town in southern Finland. Many of its students studied
there because it was the nearest general upper secondary school in
the area. It was a school with below the national average entrance
requirements. Heterogeneity of the student body was also somewhat
higher than on average. As for the other measures, they were close to
national average except for parents’ education which was somewhat
higher than the national average. The school was located in a quiet
neighbourhood and the premises had recently been partly renovated
and extended. The school shared the premises with the upper level of
comprehensive school.

15 In Finland, the comprehensive school provides education for the grades 1 to 9. The
education is divided into lower level (grades 1-6) and upper level (grades 7-9). The premises
can be joint or separate. In some cases the upper level education is provided in the same
premises with general upper secondary school.

18



Understanding efficiency differences of schools

Ilves general upper secondary school was close to the average Finnish
general upper secondary school. It was located in the surroundings of
Helsinki in an area with a high educational level. It attracted students
from nearby upper levels of comprehensive schools and had entrance
requirement close to national average. Quite a high proportion of
the students also came from its own upper level of comprehensive
school. The nice neighbourhood was reflected in the background of
students, which was more favourable than on average. The results
in the matriculation examination had normally been on the national
average level or higher. Heterogeneity of the student body was larger
than on average. Ilves School was quite large in size.

Laurila and Metsidld general upper secondary schools had a very
similar profile in the sense that they performed close to the national
average in many of the indicators. The performance in matriculation
examination and the intake of schools were close to national average.
However, parents’ education was less favourable. Laurila was a fairly
large school in a small town in southern Finland and students came
from different upper schools. The school premises were quite old and
also somewhat too small and renovation and extension was therefore
taking place. Metsédld general upper secondary school was located
in a rural area in southern Finland. It was a small school accepting
basically all its applicants. The upper level of comprehensive school
was also located in the same premises and the majority of the teachers
had instruction in both schools. Many of the teachers enjoyed working
in these schools because of the location and the surroundings.

As for the low efficiency schools, Kontio and Kalervo general upper
secondary schools had the most distinctive profile among the case
schools. Kontio general upper secondary school was located outside
Helsinki in a small town and provided general upper secondary
schooling for this area. Many of its teachers mentioned that they
prefered to live in a small town and therefore they chose to work in
this school. The students’ socioeconomic background was lower and
the heterogeneity of the student body was higher than on average in
this school. Results in matriculation examination had been clearly
below the national average. The size of the school was close to the
national average. The school building was old but had recently been
renovated.
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Kalervo general upper secondary school was a small school in
the Helsinki area in a neighbourhood with a somewhat lower
socioeconomic status. Its profile was very close to that of Kontio
general upper secondary school with a low comprehensive school
GPA and a low socio-economic status among the students. The
heterogeneity of the student body was close to the national average,
reflecting the fact that there were very few high achieving students
in the school. The school did not have upper level of comprehensive
school in the same premises and the building was quite old.
Nevertheless, interviewees felt comfortable in this school because of
its cosy atmosphere.

Maijala and Talvio general upper secondary schools were located in
the Helsinki area and both were quite large schools. They also shared
the premises with an upper level of comprehensive school. Therefore,
some of the upper school students continued their studies in the same
general upper secondary school. The entrance requirements were
close to national average in both schools. Despite that respondents
felt that the intake was unfavourable. Concerning the results in the
matriculation examination, they had been clearly below the national
average. In Maijala School the socioeconomic background of the
students was higher than on average whereas the heterogeneity of the
student body was lower than on average. In Talvio School they were
close to the national average.
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The score in the matriculation examination, GPA,

Figure 2.
socioeconomic background and heterogeneity of

the student body in case schools in 2000
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Interview material

The analysis of case schools is based on interview data.'® The
interviews were conducted between 10 May and 16 June 1999.
Therefore, they reflect the school practices taking place when
students completing their studies in 2000-2002 were studying. Since
schools do not change unless something dramatic happens, students
completing their studies in 2003 and 2004 most probably faced a
similar environment to the three earlier cohorts.

In each school the principal and two teachers were interviewed. The
first contact with the school was made with the principal by phone.
On the phone, I explained the research project and its aims to the
principal and asked for consent to include the school as one of the
case schools. The first appointment was also made with the principal.
Teachers were selected by asking the principals to name two possible
teacher candidates for the interviews. Teachers teaching subjects
included in the matriculation examination and with a longer career
in the school were given priority. Teachers with a longer career in the
school were preferred, since the initial purpose was to use the data
from an earlier efficiency measurement. None of the principals or the
teachers turned down my request.

The method of selecting the participating teachers was not
random. Principals clearly did not name their strongest opponents
as candidates. The opposite was more likely to be the case. Thus,
teachers may have given a somewhat more favorable view of the
school than a randomized sample. In the same way, if some problems
in the school were mentioned, they were probably real and not just
the complaints of an unhappy teacher. Despite this, the interviewees
were horizontally comparable, since the method of selection was the
same in all schools.

Another problem created by the research setting was the contrasting
of efficient and inefficient schools. Even though the interviewees
were not told in which category their school was placed, they may

16 The interview data was supplemented by school annual reports and school curricula from
some of the schools. This material is not, however, analysed in this study.
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have given a more positive view of their school compared to the real
situation. The concept of efficiency is, however, not very intuitive
and school results are most of the time measured by the success in
matriculation examination. Therefore, the interviewees were probably
most of the time thinking of this measure rather than efficiency.

As for the characterization of interviewees, the majority of the nine
principals were male (7), and only two were female. By contrast, 11
of the teachers were females and seven males. As for professional
experience, the average employment of teachers in their current
school was quite high, being almost 19 years and ranging from 3 to
33 years. Among the principals it was considerably lower, on average
10 years, ranging from one year to 33 years. It should be noted that
three of the interviewed principals had been principals in their present
school for only one year.

Since the selection of teachers was based on the proposals of
principals, I had no prior knowledge of how different subjects would
be represented. It turned out that eight teachers taught humanities such
as history, biology, geography, religion, and psychology. A foreign
language was taught by seven of the teachers. Three of the teachers
taught mathematics, physics or chemistry. None of the interviewees
taught the mother tongue, Finnish. As for the principals, five had a
background as humanities teachers, two in mathematical subjects,
one in foreign languages and one in the mother tongue. There was
no systematic differences in interviewees background that would be
related to efficiency scores of the schools.

As for access to schools, it was surprisingly easy to make appoint-
ments. I think that one of the reasons why schools were so willing
to participate and cooperate was that the information obtained from
the interviews was promised to be kept anonymous. In addition,
since the results of earlier efficiency analyses were presented so that
individual schools were not identified (even though it would have
been possible), it probably helped to gain the trust of the participating
schools, despite the research topic itself being sensitive from schools’
point of view.
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The interviews followed a semi-structured schedule such that the
interview guide contained several themes and questions related to
each theme. The themes were clearly introduced during the interview
and the main questions were always posed for the interviewee. When
discussing questions the conversation proceeded loosely, giving
each interviewee the freedom to speak without the interruption of
interviewer. Even though the interview guide was mainly followed
in each interview, exceptions were also made if the interviewee
introduced an interesting topic.

The themes discussed during the interviews were mainly the same
as in the earlier survey (see Kirjavainen, 1998 and 1999). They were
selected based on findings of school effectiveness studies (see e.g.
Purkey and Smith, 1993; Levine & Lezotte; Scheerens and Bosker,
1997). The interview guides included questions concerning the
students of the school, the school’s physical facilities, the role of the
parents, and factors related to the school’s management such as the
goals, teacher participation in school planning and decision making,
the possibilities of teachers to influence school decision making
and their own work, as well as questions on job training, evaluation
practices, cooperation between the teachers, and student counselling.
In their responses, the interviewees were asked to describe the current
situation in their school and express their own views about it. There
were also questions concerning major changes in the past years.

The interview guide used with the principals differed from that of
teachers mainly in the sense that it also included some questions
concerning the teachers. The similarity of principals’ and teachers’
interview guide enabled the comparison and validation of the
responses, and the identification of areas of disagreement and
difference.

When contacting the candidates to set up the appointments I also
asked if they would like to see the interview guide beforehand and
get to know the interview themes. About half of the candidates
became acquinted with the interview guide in advance. Some of the
respondents had also prepared some notes for themselves.
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The interviews took place in each of the schools and each respondent
was interviewed separately. They lasted from approximately one to
two and a half hours. The average length was an hour and a half. Each
interview was tape recorded with the consent of the interviewee. At
the beginning of each interview the normal confidentiality of the
information obtained through interviews was stressed.

The climate during the interviews was good. Some of the respondents
were somewhat distant, probably because of the generational gap and
position between the interviewer and the interviewee. However, some
respondents were very open.

The interviews were transcribed word for word. For the purposes of
the analysis it was not necessary to transcribe the taped interviews
verbatim. As for the quality of the tapes, they were mostly good. A
certain amount of editing took place so that all the pauses, laughs,
or expletives were left out. The language used by the interviewees
was not, however, transformed into written text. Only the selected
passages were translated into English using more formal language.

Analysis of the interviews

The interview data were interpreted as describing the realities of the
school. They were, in other words, “treated as giving direct access to
experience” (Silverman, 2000). The descriptions of the interviewees
were taken as presenting facts that are encountered in these schools.
When interpreting the data, however, one realizes that by spending
time in the school and collecting more diverse data it would be
possible to perform a more in-depth analysis of the schools. However,
this was not possible in this study.

The analysis of the interview data started with the re-reading of
the transcribed texts. The aim was to gain an understanding of
the different themes and views the respondents brought up in the
interviews. The responses of the principals and teachers in each
school were also cross-checked and most of the time teachers and
principals expressed similar views. During this process the texts were

25



grouped into themes.!” In the next phase, each theme was studied and
coded separately. During this phase, special attention was paid to the
differences between schools within each theme.

Several themes emerged from the texts. Within some of the themes,
views and practices of the schools were so similar that it was not
possible distinguish different categories and group the schools based
on them. These themes were concerned with staff development,
evaluation and monitoring practices, and parent-school relations.
Four of the themes were such that it was possible to identify different
categories within them and group the schools. They were:

* views about the students

» staff relations

* school governance and management

» views about the curriculum and curriculum planning

Each of the categories had their own characterizations. In some cases
the differences between the categories were small. Each category
within each theme is mutually exclusive. A school is placed into
that category based on the views expressed by the interviewees of
that school. The placing is based on the majority of the views i.e. in
these schools these characterizations came more often up during the
interviews.

The results of analysis are presented so that each theme and its
categories are discussed in turn, stressing the most distinctive features.
In presenting each of the themes and their categories, interview
extracts are used to demonstrate the empirical basis for the categories
and to verify the views expressed by the respondents. The quotes
have been translated from Finnish. Pseudo identifiers referring only
to schools are used for the quotes in order to protect the anonymity of
the respondents and the schools. These identifiers also show how each
school is placed into these categories. After presenting the different
categories, their relationship to efficiency is examined with category
averages and simple cross-tabulations.

17 The analysis of the texts was carried out using QSR N6 and VIVO 7 computer software
designed for qualitative research analysis.
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Finally, it should be noted that no attempt is made to draw any causal
conclusions or identify mechanisms that produce inefficiency in this
study. For such purposes a more extensive study using longitudinal
data would be needed.

4. Views concerning the students

The characteristics of the students are a central part of the school.
They mostly determine the work of the teachers and affect the school’s
reputation. The role of the teachers and schools is usually smaller.
Student characteristics also affect teachers’ decisions to apply or not
to apply to certain schools. It is an established fact in the literature
that schools in deprived areas and with students having difficulties
have problems in recruiting highly qualified teachers. Staff turnover
is also usually higher in such areas.

Student characteristics affect the way teachers perceive their
work. However, teachers also differ in how they react to certain
characteristics of students. In some sense the views of the teaching
staff and personal traits of the students intertwine so that it is difficult
to distinguish them from each other. At some point, however, they
develop into views that perhaps characterize the whole school rather
than being just the views of individuals. The differences in views are
more evident when the background of students is kept constant.

Four categories emerged when respondents’ descriptions and
characterizations of the students were analysed. The teachers’
stance or view could be characterized as attentive and sensitive,
trustful and confident, educating, or frustrated. Each category has a
characterization of its own so that the behaviour of students and the
stance of respondents towards it can be seen as interacting.

Attentive and sensitive view

The attentive and sensitive view emphasizes that every student is
important and should be taken care of regardless of his or her personal
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motivation or skills. Some respondents made a comparison with
parenthood by considering that part of their role as a teacher included
being a mother or a father figure for the students. Attentiveness and
sensitiveness also involved an internalization of the school’s social
task to provide general upper secondary education for everyone, as
one respondent comments:

“As we are a small school in a rural neighbourhood we have aimed to
provide opportunities for those wanting them.” [Metsdld]

The composition of the student body did not differ from the average
and there were both high and low performing students with differing
motivation to study in an general upper secondary school. Most
students had their minds set so that “they had decided that they would
pass the matriculation examination or their parents had decided that
their child would pass the matriculation examination.” [Metsild]
However, there were also students who were not so sure about
their goals. These latter students were considered as the ones “with
problems” [Metséld]. Even though the motivation of students varied,
the overall situation was seen as quite good because “most of the
students have quite good motivation to study when they start school.”
[Metséld]

The view towards the least able students was perhaps the most
distinctive feature. Students with low motivation were taken as quite
a natural part of school life. Instead of seeing them as a burden, an
encouring and soliciting stance towards them was taken.

“But I guess these things happen in every school. There are the ones
that fall behind, especially if you have a low GPA. They realize that they
don t necessarily succeed. But then we have tried to encourage them, both
teachers and the principal have tried to encourage them.” [Metsdld]

“[...][...] Ltry to keep everyone involved and encourage and try not to put
students down, even if they don 't know. [...] [...][Ennala]
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Weaker students also required special attention from teachers and the
role of ‘care takers’was taken quite seriously. Respondents emphasized
that “students with a poorer grade point average were also accepted
and they have also matriculated”. This meant that teachers had then
“worked very hard with these students and succeeded”. [Metséli]

There was also some sort of pride when respondents talked about the
weaker students and how hard they worked with them and succeeded
in preparing them for the matriculation examination. “It is not always
a very easy task”, though. [Ennala]

“In practice, we have to turn the weaker students into matriculating
students. And in that, I claim, we are really good. None of our students
have failed the matriculation examination.” [Metsdldi]

Teachers also felt that weaker students brought a differing aspect to
their work. “[...][...] Sometimes I think that, from the teachers’ work
point of view, the job would be different without the weak ones to be
taken care of.” [Ennala] The hard work with the weaker students was
also considered rewarding.

Although the respondents emphasized the weaker students in the
interviews, good students were also mentioned with respect and
care.

“The good students are really great and wonderful and you also have to

take care that they are given demanding tasks and proceed normally.”
[Ennala]

The provision of remedial courses was considered important and a
part of the process of “also making the weaker students matriculate”.
Teachers felt that students took these courses quite seriously and
almost all students participated in them in most the important subjects
at the beginning of their studies.

“Yes. Very much. We have this entry-level test and then we recommend
that everyone should participate in a remedial course, even the good
students. And they do.” [Ennala]
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Some were concerned whether these courses were enough.
“Sometimes I have the feeling that despite the courses, the weaker
students don’t learn. Because they have these gaps in knowledge, it
is really difficult to fill them.” [...][...] [Ennala]

Trustful and confident view

Trust or confidence perhaps best describes the views that teachers
and principals expressed towards the students with high motivation
and a high comprehensive school grade point average. Accordingly,
students were treated more as grown-ups who were responsible
and able to take care of their studies. They were also described as
“conscious youngsters whose goals were mostly clear and high set”.
In addition, it was not only students that had “ambitious minds”, but
this behavior had its roots in their families. Parents “often had quite
a high educational level with university degrees” and “the families
themselves provided encouragement to study”. This was a fact that
was seen to “affect the way students approached studying” [Ilves].
Teachers also appreciated this fact.

Professionalism and formal roles were stressed when teachers
characterized their roles. Accordingly, they were “subject teachers”,
“student counsellors” or “homeroom teachers”, or even “collegues to
other teachers”. While the teachers in attentive and sensitive schools
also mentioned their roles as mother and father figures, here these
roles were not present. If teachers stressed their ability to understand
or be concerned with the lives and sorrows of the students, it was
because of their professional background and not because of their
personal traits.

Principals characterized themselves and their role by a feeling that
they were the “first and last caretakers” in the house, meaning that
they were ultimately responsible for the school. They also were quite
task oriented in describing their various roles. They mentioned being
a pedagogical leader, developer of the school, leader of the personnel,
teacher, the one responsible for the finances, a care taker of social
relations in the neighbouring community, and the marketing person
of the school.

30



Understanding efficiency differences of schools

The attitude towards the skill and knowledge differences among
students in this setting was not very concerned. The differences were
not seen as a problem, but were recognized as being caused by the
varying grading practices of comprehensive schools. Teachers also
commented that they “learn to know what a nine from a particular
school actually is” [Annala]. Apparently, the differences were quite
small and did not affect the classroom work of teachers, since none
of them mentioned that they somehow adjusted the pace in teaching.
Teachers only mentioned that as a consequence of skill differences
some of the students start getting lower marks.

“Some of those who have been getting tens may continue getting tens, but
not so much anymore. And then it is also possible that grades sink to four,
five, or six.  mean, in the end there are some differences in what they have
learned.” [Annala]

The way teachers motivated students was quite light in nature. As
teachers respected the independence of the students, motivation
was mainly based on emphasizing the students’ own responsibility.
Therefore, it was rather a matter of reminding students that they should
study or should start studying and it did not involve any discussion
about encouragement or concern. This view was partly due to the fact
that only a small group of students had to be motivated or reminded
every now and then.

“[...][...] naturally there are some students who have to be motivated
and even I motivate some of the students by saying should you not work
now.” [Annala]

The same view emphasizing personal responsibility was applied to
final year students with low motivation. Their own initiative and
responsibility rather than teachers work was stressed when teachers
described that “a few months before the matriculation examination they
[students] start studying so that they will pass the examination. And
some of the students even graduate with good marks.” [Annala]

Students loosing their motivation to study were seen as youngsters
searching their identities. In this sense there was little concern about
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the well-being of the students involved. It could also be argued that
the role of the school was externalized and that the students’ own
views were emphasized and respected.

“But there is always someone who has been accepted with a high GPA
and who has wanted to study in this school, but then suddenly starts
to reconsider during secondary school whether this is what she really
wants. It can be considered as searching for the self when being young.”
[Annala]

In some cases the stance towards the low performing and low-
motivated students could also be characterized as quite harsh. They
were considered strictly as “unbelievable loosers” and persons “that
cannot be kept under discipline because they are individuals and
they work at their own pace and they don’t want to hurry into life”
[Tlves].

Because most students were high achievers, they did not need any
remedial instruction at the beginning of their studies. These courses
were offered in the most important subjects (such as mathematics and
Swedish) during the first year “but there weren’t very many youngsters
attending these courses”. They thought that “they were good enough,
so that it was not necessary for them to attend.” [Annala]

Teachers emphasized and took seriously the demanding nature
of high achieving students. Such students were also considered as
motivating. Therefore, schools carefully thought over how they could
serve the students best. “Students know what they are worth and that
places certain demands on the instruction” [Annala], meaning that,
for instance, the selection of new teachers has to be made carefully.
In addition, teachers had to pay extra attention to their preparation of
instruction and lessons.

“You can't go in front of the class empty-handed. You have to have a
certain amount of knowledge and you also have to be able to pass on this
knowledge to the students.” [Annala]
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Despite the high requirements, the work itself and positive attitude
of the students towards studying was so rewarding that “teachers
didn’t want to teach in any other school, just because of students...”
[Annala]. Teachers also pointed out that they found their job easy in
a sense “because they don’t have to make any extra effort to create a
positive learning environment. Instead, it is already there when they
enter the classroom.” [Annala]

Educating view

The educating view involved a somewhat distant attitude and in some
cases also frustrated views about the students and their behaviour.
Students were more or less average. There were both high and low
performing students and the family backgrounds of students also
varied. Teachers perceived their role in a task-related manner and
very little else was considered as being part of it. Principals were
“running the show” and felt they were “responsible for everything”.

Respondents felt that the motivation of the students was “quite
good” [Talvio]. There were students with “clear motivation and with
a good study technique” [Talvio], but with some of the students, it
“could have also been better” [Talvio]. At the other extreme, there
were “students who don’t do anything” [Talvio]. This diversity was
considered by some of the interviewees as one of the strengths and
facilitated the work. The role of the higher achieving students was
to draw the weaker students into achieving better results. Strongly
performing and motivated students were, in other words, used as a
teaching aid that also motivated weaker students.

“What I consider as positive is that there are both students with a high
GPA and with a low GPA. [...][...] Such a school is an easy school.
There the weaker students can also hang on the coat-tails of the better
students.” [Talvio]

The stance towards the students with low motivation was somewhat
divided. In some sense, the respondents felt that it was natural and
acceptable that “there are some students who start studying (here)
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because of friends and because they don’t know what else to do”
[Talvio] or because they, as a whole, “wonder what to do with the life”
[Laurila]. These students were also seen as the “ones that are here for
child minding” [Laurila], which was also considered an “acceptable
reason” [Laurila]. This view did not, however, include any emphasis
on the students’ own responsibility or caring by the teachers.

Besides this, there was also a tougher view according to which some
of the students “shouldn’t be in general upper secondary school in
the first place” [Laurila]. Some interviewees characterized students
proceeding with a slower speed as decelerators. The somewhat
negative emphasis of the term can be sensed from the descriptions
of one teacher.

“[...][...] Then there are weaker students who in the sense opt out to join
the group of decelerators. And these decelerators have a high status, she’s
a ‘decelerator’. Earlier, they were ‘repeaters’, and that was negative. But
a decelerator, who has her own curriculum, has a higher status. And there
are students who want to be in that group, even though they have the
resources to complete their schooling in three years.” [Laurila]

A disciplinary approach was also mentioned by some of the
respondents. This especially applied to first year students who “come
into the classroom unprepared or forget to bring their textbooks”.
Teachers felt that “the first year students can be surprisingly carefree.”
[Laurila] Motivating in this environment was considered a difficult
task.

“[...][...] In other words, it is a big question how we can make this whole
thing work. And we have been thinking about it a lot, but have not yet
found any philosopher’s stone for how it would work better. [...][...]"
[Laurila]

Concerning instructional methods, teachers felt that they were unable
to use them freely because some methods “would just create chaos”
[Talvio]. As for the planning of the instruction and progression in the
classroom, the strategies were mixed. Some teachers emphasized that
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they mostly proceeded in terms of the more motivated students and
didn’t take that much account of the weaker students. Some teachers
even purposefully dropped students who were not interested in their
subject.

“I don't actually plan it in a different way. We proceed in terms of the
best students. During the lessons, of course, to get the attention of the
ones who are not interested is a challenge. One should use some tricks. 1
personally try to use humor so that I don't run anybody down too much.”
[Laurila]

“I drop the students who are not interested in this subject so that they
really don 't take this subject. That way I have quite good students in the
end. In other words, the group is then smaller but they are also quite
interested. [...][...] " [Talvio]

Sometimes, a softer strategy was applied so that only the compulsory
topics were covered during the courses. The content of the courses
was also facilitated so that everyone could participate and find it
interesting.

“[..][...] This year I only taught the compulsory topics. [...] I have
chosen to teach general things to those ones that are not so interested. 1
give lectures on important persons in this field. In that way it'’s somewhat
easier. I also usually start from the very basics when I start teaching
advanced special studies.” [Talvio]

Some measures were taken to improve the skills of the weakest
students. Schools offered some remedial courses in some of the
subjects. Some of the differences in skills were also due to ‘quality’
differences between the upper schools at the comprehensive level.

“We have noticed that in different upper schools [comprehensive]
they give somewhat different grades. The grading practices differ. And
naturally thats not fair for the students. [...] [...] " [Laurila]
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Frustrated view

The greater the proportion of low-performing students, the more
there was frustration and concern in the voices of the interviewees.
The common denominator was the unhappy and in some cases
clearly frustrated views concerning the students and especially the
low-performing students. A distintictive feature compared to other
categories was the presence of a slightly higher proportion of low-
performing students and only a few top-performing students. The
heterogeneity of the performance was also high. These factors made
teachers’ work more demanding and also influenced their views.

Teachers had a very diverse view of their role in this category. Some of
them emphasized very strongly their role as a teacher. Some teachers
also stressed the administrative roles that they were involved with. For
some they provided recreation for the demanding/exhausting teaching.
Men also brought up the idea of being a “disciplinarian” or a “father”
where male teachers were in a minority in the school. Especially the
older teachers felt they were like “grandmothers or grandfathers”,
taking their responsibilities in a somewhat more flexible manner.
Teachers with a longer career felt they represented “authority” and
“status”. In this group, as with other groups, principals emphasized
their role as a person being responsible for the whole school.

Some of the respondents used the term underperformance when
describing students’ motivation and attitude towards schoolwork. It
referred to the fact that many students were happy when they achieved
the minimum requirements. The teachers had the opinion that many
of the students could do better if they worked harder.

“Quite a lot of them are under-performing. They are satisfied if they just
graduate, even though they could do much more than that.” [Kalervo]

This low-performing group of students was considered to be in the
school “for child-minding” and “they had to be hustled” [Kontio].
The frustration was also clearly spelled out by some teachers who
felt that almost every student in their classes was “more or less just
passing time”. According to them, there were “normally only a few
students in a class who could be characterized as normal.” [Maijala]
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“Their skills and knowledge are pretty weak. Take, for example, the
answering in an essay form. They do not answer the question. Or it is
difficult to figure out what question they are answering. Their skills are
mainly weak. It takes basically the first year to teach them how, for example,
to answer the questions. It's something one would expect them to learn
at comprehensive school. Sometimes I feel like I'm shepherding them.
If I look at someone and see that he can hardly write, I start wondering
if he's earlier only been playing with the books. And the content is also
missing.” [Kalervo]

In addition, for some teachers the low skills of some of the students
invoked emotional wonder, disappointment and concern. One teacher
asked “what are they basically doing at comprehensive school?”
[Maijala], since many students had major deficiencies in their basic
skills. Some teachers became emotional when talking about the
students.

“Sometimes when I have had a maths lesson, I'm very much affected,
when [ realize that they don't even know this thing. We dont have such
easy courses in maths or Swedish that the weakest students could do.”
[Kalervo]

Alongside the frustration and compassion, some respondents
expressed an attentive view towards the weaker students, emphasizing
that they “have to be especially taken care of”. Teachers felt they
“must be more like mothers here than in some other kind of general
upper secondary school”. This meant that they “have to take care of
practical matters and make sure that they don’t get fours or that they
complete their courses in time.” [Kontio]

Because of the students with low motivation, teachers perceived their
work to be quite hard and demanding. They did not expect students
to study independently and acquire the knowledge from elsewhere.
They emphasized that “here, the teacher has to repeat until the student
really grasps it” [Maijala]. The choice of teaching methods was also
problematic and teachers had to be prepared to change their style
according to the situation. They found this very demanding. The
teaching also caused some disappointment because certain teaching
methods could not be used.
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“I teach history and philosophy. I'll comment first on the history. It is [the

student body] very heterogeneous. And just that is the biggest problem
in pedagogy. You have to think it over and change the style and the way
of teaching all the time. [...][...] It influences the teaching methods in
the sense that I haven't been able to get a feeling of success when using
interactive teaching methods, even though I always try them once or twice
during the course. [...][...] " [Maijala]

Lack of strongly performing students was also considered a problem.
Since students are always comparing themselves to their classmates,
in a class where hardly anyone is taking schoolwork seriously, there
were no good role models to raise the standards. “When they look at
the student next to them and see that she can’t do better than they do
and that she doesn’t work any harder than they do, they will not work
harder.” [Kalervo] For this reason, teachers felt that “it is clearly
easier to work with groups having a couple of hard-working and
good students.” [Kalervo]

“[...][...]And I think that such an example also teaches the weaker ones.
And it keeps up with positive learning atmosphere. If all (students) are
quite weak ones and in a sense reluctant to learn, it follows that the whole
climate in the classroom is unpleasant. And it feels like you would be
pulling a sledge full of stones, as is usually said. But even two or three
able and positive students will eventually draw the weaker ones along.”

[Kontio]

Weak skills were taken seriously by devoting some extra resources
to remedial courses at the beginning of the general upper secondary
school. Teachers also described that they devoted extra work to get
students to the required level, especially during the first year. In many
subjects, all students are required to participate in these courses. Good
study skills also have to be taught to some of the students.

“Quite a lot of time is spent on remedial instruction and therefore we
are not able to proceed as far as one would hope. Then the students
have another problem, related to their working habits. They think that,
for instance, by only attending the course one learns Swedish. Just like
the students do in comprehensive school. But naturally that'’s not how it
works.” [Kalervo]
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5. Staff relations

Collegial and good staff relations are mentioned as one of the key
characteristics of effective schools (Sammons, 1999; Teddlie and
Reynolds, 2000). This involves good working relations among staff
members, sharing good practices, exchanging ideas, supporting
each other, observing each other and giving feedback, and working
together to improve the teaching programme.

In this study, the focus in staff relations was on staff members’
descriptions of the atmosphere, discussion culture, cooperation, and
respect for each other. Based on the descriptions of staff relations,
three quite traditional categories emerged in this study. In most of
the case schools, relations were professional and in some schools
they were characterized as friendly. There were also schools that had
tense relations among staff. The difference between professional and
friendly relations was small. Most of the characteristics were present
in both categories, but with a higher degree in friendly relations.

Professional relations

Typical for professional staff relations were respondents’ comments
on staff relations such as “quite relaxed and unreserved” [Annala] as
well as “open” [Laurila]. There was also some formality and mixed
feelings involved when they were described as “not so warm, but rather
warm than on the minus side” [Annala]. Despite these differences,
many respondents stressed that there was “a good climate that could
also be sensed in the staff room.”

Professionalism manifested itself when it was emphasized that the
focus was clearly on school work and “there was this sense of doing
and working in the air” [Annala]. People were not so hard and fast
about different things. There were certain rules and things were
usually performed according to schedule. The relations between staff
members were also good in the sense that there were no cliques.
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“In my view it’s very pleasant. There are no cliques. Nothing like I have
heard these unbelievable stories that people sit together and some of them
haven't even talked for a year. And brawl and quarrel. We don't have
anything like that. Our climate is very nice.” [Talvio]

The independence of teachers in their work was emphasized and
that there had always been “the freedom of doing”. Collegues and
their work were also respected so that everyone “was able to do their
field of work without someone breathe down their neck”. [Ilves] This
included the management of the school. Teachers felt that they were
“trusted to take care of their own work™. [Ilves] Some teachers also
mentioned a tolerant climate in the school, which also extended to
allowing impetuous opinions and discussion.

“I have been happy in this school, I would say very happy. I have felt this
is a good and pleasant working place and work community. The students
are nice. In principle, the work community is very nice and the climate
in the staff room, even though it is large, is nice. There are always some
tensions when there are many people, but they have been solved. The
general climate is, however, nice. Then I have also appreciated that the
principal doesn t intrude in everything but we have very high autonomy.”
[Laurila]

Good and open relations among the staff members also created
job satisfaction. All the interviewees told that they were happy in
their current situation. Some of the teachers were actually very
satisfied and many mentioned the good climate in the staff room and
among the collegues as one of the reasons for their satisfaction. The
professionalism of their collegues was also appreciated by most of
the respondents.

The discussion culture was open. Teachers had always engaged in
discussion about instructional matters in these schools. The school
climate had been supportive and open for them. The discussions were
somewhat dependent on the personal chemistry of people. However,
for instance, the language teachers very vividly discussed the
instructional methods and matters, such as “how you do this thing or
I did it like that but it didn’t work out” [ Annala] or “changing ideas of
what to try out and how to do things and how they work out” [Ilves].
In subject group meetings there was also lively discussion [Laurila].
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“These kinds of discussions have always been unofficially going on in
the staff room and after school. And more so that different subject groups
discuss objectives and problems. Lets take as an example that some
student has many problems in studies and she's not completing courses.
Teachers discuss such cases. Equally, if some student is often absent from
school. Such problems can be discussed.” [Annala]

Respect forindependence also had some drawbacks. Somerespondents
felt that even though the discussion culture was open, certain topics
were somewhat avoided. Discussions concerning instructional
methods and the content of subjects and instruction were especially
needed. In this area, teachers felt that they were alone and that there
was a lack of support.

“The discussions are not very general or subject related concerning
instructional methods or subject content. Mostly it’s concerned about the
students, so that teachers think over what to do with this student who
hasn't attended lessons and hasn't completed her work. Very practical.
And also important. So [ think it remains at that stage.” [Talvio]

“[...][...]We somehow support each other. Maybe in this social side. But
not enough in the content of instruction. Inside the subject I think each
teacher is quite alone. It naturally depends on the subject. But I think that
everyone is perhaps doing too much in their own way.” [Talvio]

Despite the good overall situation there were also areas that could be
improved. Some respondents commented that some of the teachers
were more active and some wanted to stand aside. But even there, the
teacher’s own responsibility was emphasized and it was found more
or less useless to try to force teachers to cooperate more.

“In some subjects the teachers are active. But I think its a personal
attribute. We also have subjects that don't have any cooperation. They
don't discuss with each other, they dont share materials and tips or
anything. And that’s naturally a very inconvenient situation. And if it’s
not possible to change, there is no use forcing anyone into it.” [Talvio]

Occasionally, emerging disputes and disagreements between some
of the staff members were considered quite normal. Some balancing
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between different subjects and subject groups also sometimes took
place. However, these problems were minor. If disagreements
emerged between certain people they were usually dealt within
the staff room with understanding. They did not cause long-lasting
problems or distress.

“Sometimes people get nervous and discharge their feelings very

fiercely, but it doesnt cause any catastrophe. There are no cliques so
that one teacher belongs to one and one to the other. Instead, if someone
is feeling bad, others try to understand that she was maybe tired or
something.”[Laurila]

Teachers’ independence and responsibility for their own work was
also reflected in problem situations. Normally, teachers coped with
and settled these problems alone. But it was also emphasized that
the climate was open to discussions and teachers openly exchanged
information on, for instance, problems with students. It was also
quite common to share difficult situations with other colleagues in
the staff room.

“[..][...] But we also have a sort of openness so that you can hear
teachers talking with each other that damn, I had such and such an
experience.” [Annala]

Some mostly quite difficult situations were also discussed with the
principal. In such cases teachers did not feel that their credibility
would be affected in front of the students. In fact, no such theme
emerged during the interviews in these schools. Nevertheless, some
concerns were expressed about the culture of teachers solving the
problems mostly by themselves.

“It’s also a matter I have been thinking of a lot and in my view there
is a lot to improve. In general I think that teachers are quite alone. If
a teacher opens up to some of her colleagues, she doesn't necessarily
get sympathy and understanding. And especially young teachers may feel
alone. [Annala]

Because of the good interpersonal relations, teachers had many
enjoyable after-school activities together such as trips, dinners and

42



Understanding efficiency differences of schools

parties. The climate was usually nice and relaxed, even though in some
schools some teachers also mentioned the slightly formal climate by
saying “that the atmosphere wasn’t exactly very easy going”. Often,
groups of teachers also spent time together outside school hours.

Friendly relations

Friendly staff relations occurred in schools where respondents
characterized them as “very good” and “relaxed”. The situation in
the schools in this category was somewhat more open than in schools
with professional relations. Everyone praised the climate, “even the
substitute teachers coming from outside”. The cooperation between
staff members was also described as very good. Interviewees were
satisfied with the situation and commented that there was “nothing to
complain about”.

“The working climate and relations among staff are very good...
Colleagues are easy going. There are no controversies or anything else.
We have a nice climate. The visitors have also enjoyed staying with us. 1
don 't have the feeling that I somehow hate to come here and that again 1
have to see some odd persons. I have no such concerns.” [Kalervo]

“It’s nice to be here. There is no need to be nervous in the staff room or
elsewhere. I think we are enjoying it here.” [Kalervo]

Teachers were clearly more unanimous and the climate for discussion
was open. In the interviews, there was a sense that teachers were in
the same boat, so that they were doing their work together. Teachers
were unanimious about the less motivated students causing problems
and therefore problems related to instruction, for instance, were
considered natural.

“Teachers can freely discuss the problems here. One doesn t have to brood
over them by oneself. We all have problems because students don t learn.
And we all complain there (in staff room) together. Thank god, it’s not
so that everyone should do one’s stuff and show that everything is under
control. And to say that in my class no one behaves like that.” [Kalervo]
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A relaxed and good climate was one of the key factors that created
job satisfaction in this group. Teachers felt that they were part of the
group and not outsiders in any way. So, for them the satisfaction had
other sources in addition to the good climate such as the possibility
to develop their professional skills, professional freedom and
challenging tasks.

The respect for each other was high in these schools. The discussion
culture was also open and problems with both students as well as
instructional and subject matters were discussed and developed
together. Similarly to schools with professional relations, these
factors were mostly considered in smaller groups within the subject
or subject group.

“Teachers of related subjects discuss matters quite a lot. Mathematics
teachers have discussions, then language teachers. They have cooperation.
They discuss instructional methods and related things.” [Ennala]

Disagreements seem not to cause any disturbing arguments. Differing
opinions were considered as natural and they were tolerated as long
as they did not harm the individual freedom to work.

“There are differences in courses of action. But one can also disagree.
Some teachers are much stricter than others and some teachers feel that
everyone should follow the same routines. But I don 't think that s the case.
And that s also accepted, as long as it doesn t disturb the work of someone
else.” [Kalervo]

Teachers’ collegial relations were also manifested in after-school
activities, which seemed to be most plentiful among the case schools.
Teachers had parties, trips and other recreational activities together.
They were also content with the situation.

i

“They meet a lot. They practice sports together and they travel together.’
[Ennala]

“We arrange joint gatherings and trips. Tomorrow, for example, we
are going on a field trip. So it’s not formal by any means. Then we
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arrange Christmas parties at someone s place etc. and also other related
activities.” [Kalervo,b]

“[...][...] The yearly planning meeting, for example, is always arranged
in some nice place so that the environment would be nice. I think they all
have been very successful. And when it comes to other things, they have
been really nice. We go and have dinner together after some event and
things like that.” [Ennala]

Tense relations

In schools with tense staff relations the interviewees openly admitted
that the situation “could be better” [Kontio] and that there were
“obvious conflicts between some of the teachers” [Kontio]. In some
cases the descriptions and charges were even more severe, so that
the relations and the atmosphere in the staff room were described as
“unpleasant” or “unfriendly”.

Problems in staff relations were common in this category, but there
was variation in their severity. Some respondents had the view that
disagreements mainly concerned some of the staff members and most
of the teachers got along quite well with each other most of the time.
The climate, for example, in the staff room was also mostly relaxed.
However, there were also feelings that the atmosphere was oppressive
and elusive.

“[...][...]When you come here in the morning and say hello at the door,
someone might answer, or then not.” [Maijala]

Despite problems between staff members, many interviewees
emphasized that the relations between students and teachers were
good and the problems did not affect them.

“In the classroom everything is okay. There are no problems with the
students.” [Maijala]

The tenseness of the school climate also reduced the well-being and
job satisfaction of the staff members. Quite many of them commented
that they did not feel very happy in their current school. As could be
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expected, none of the interviewees mentioned that they felt happy
because of good relations among staff. Things that were mentioned
in connection with job satisfaction were related to nice students or
the current position satisfying their expectations. If collegues were
mentioned it was because of a long common history, which created
some fellowship. Some of the interviewees even emphasized that they
purposefully wanted to stay out of disputes and concentrate on their
own goals and teaching. Work satisfaction was gained by fulfilling
these own professional goals, since the communal or social factor
was missing.

“I have been happy here just because I can carry out my own goals,
as 1 said earlier. But I would say that there are some conflicts and they
certainly disrupt the working climate here. My climate. And it is a serious
matter(...][...] " [Maijala]

Even if it was not admitted by all the interviewees, the problems
were also reflected in the broader discussion culture of the schools.
Some respondents had the opinion that a real discussion culture was
lacking and people did not express their views openly. Or sometimes
they were expressed somewhat too openly, causing open arguments.
All of this created disappointments and withdrawals. To some extent
the frictions also prevented the development of the school as a whole.
Problems in the discussion culture and considerable differences in
views certainly complicated cooperation.

“I have this impression, and I have been also told, that there isnt any
culture for discussion, I mean real culture for discussion. [...][...]”
[Kontio]

“The tradition in this school does not encourage to such discussions.
Therefore, it relies on occasional relations. It only depends on some
random factors and in that sense there are things that have not been put
into practice as well as they could.” [Maijala]

In daily matters the culture was partly similar to that in other categories.
Teachers discussed school matters mainly with other teachers of the
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same subject group. Some of the staff members cooperated, but in
some cases conflicts between individuals prevented or disturbed this.
Some teachers had the opinion that cooperation and the exchange
of ideas was unsystematic and it was limited to school matters, and
problems related to individual teachers were not discussed.

“There is quite a lot of discussion going on during the breaks and
lunch hours. And it’s mainly between the teachers of similar subjects,
like language teachers. To a smaller extent with teachers teaching very
different subjects. This would also be quite difficult, since the content is
so different.” [Kontio]

“The discussions are not very organized. Individual teachers discuss with
each other. I have discussions a couple of times during the school year
with the science and humanities teachers. I also cooperate quite a lot with
my closest colleague.” [Maijala]

Awareness of the problems was clear and there had been attempts to
solve them with different approaches. Discussions had been started
after open disputes and they had somewhat improved the situation.
Other measures included the use of outside speakers or consultants.
Teachers, however, felt that the latter approach was useless and
therefore the results had been limited.

In terms of problems encountered by the teachers, for instance, in the
classroom, the strategy of coping with them somewhat varied and the
problems in staff relations clearly affected this. Where the problems
were less severe, teachers were able to discuss them and unload their
classroom experiences openly in the staff room.

“[...][..]1t’s quite usual to explode so that one comes indignant during
the break and everyone then gets to know how terrible it has been. This
is a way to relieve the pressure and often it s resolved this way. Naturally,
we also discuss if someone has concrete problems and try to solve them.
[Kontio]

When relations were tenser the attitude of collegues was less emphatic.
In such cases, teachers basically tried to solve their problems
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independently and alone. None of them mentioned an open and
inclusive climate, e.g. the possibility to share unpleasant experiences
in the staff room. Teachers’ independent role was emphasized and
even the help of the principal was considered as creating a credibility
problem. For example, consulting the principal was considered
questionable because teachers felt they could loose their face in front
of the students.

“As an old hand, the starting point is, I think, to take care of the problems
under one'’s own steam. Because once you go and ask for your superior’s
assistance, students know your rating. Okay, in this kind of situation she
needed the principal’s help. You kind of narrow your margins. During
my stay here I have asked for the principal s assistance once, because
one has to be very careful with this. And in that case there was also some
humour in my mind.” [Maijala]

A poor climate and frictions among the staff members were also
reflected in after-school activities. Teachers had them quite rarely and
the cooperation between teachers was mainly related to instruction
during the school hours. Teachers either did not feel that it was
necessary or they did not have the time and interest to spend time
together after school. Some of the teachers commented on the joint
events with a highly negative tone. They felt that it was pretence to
try spending leisure time together with people that you hardly say
hello to during the day.

6. School governance and management

Educational leadership has been one of the key characteristics of
effective schools, as was mentioned earlier. It refers to a wide range of
factors such as how the school leader provides information, articulates
the school goals, coordinates, and orchestrates participative decision
making. In a narrower sense it refers to the leadership directed at the
school’s primary process and its immediate facilitative conditions,
such as time devoted to educational versus administrative tasks,
controlling of classroom processes, quality controlling of teachers,
facilitating work-oriented teams, and initiating and facilitating staff
professionalization (Scheerens and Bosker, 1997).
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This study also examined some of the above-mentioned factors, but
the main focus has been on governance and management rather than
on school leadership. Therefore, governance and management are
discussed here. This refers to the formal organizational structure,
decision making and staff participation in decision making, and
the development of school practices as a whole. The collaboration
between the staff members is also discussed in this connection.

General upper secondary schooling has been quite tightly regulated
in Finland and this has also been reflected in school governance,
because it was quite similar in most of the case schools. The most
common case was characterized as participative. There was also a
case school with hierarchical governance and management. At the
other end of the continuum it was characterized as equal.

Participative

In the majority of the case schools, management was open and
participative. The roles of the school management and teachers were
clear and accepted by the staff members. The principal had the leading
role and was assisted by the vice-principal. Communication between
the principal and vice-principal was characterized as open. The tasks
and roles of the vice-principal varied to a small extent depending
on the schools. In some of them, principals pointed out that the role
and tasks of the vice-principal were considerable. As one of them
playfully stated, “our division of tasks is such that vice-principal
is doing everything and I’'m doing nothing” [Talvio]. At the other
extreme was the vice-principal’s view that she was more in a role of
“lessening the workload of the principal” [Kontio].

Typical responsibilities of the vice-principal included preparing work
schedules with the list of courses, a weekly info magazine, chairing
the quality committee, space/facility arrangements, maintenance of
the student database, chairing some special working groups, some
responsibilities related to school resources and maintenance of
computer facilities.
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Only one of the schools had a management group, but in all of
them there were some assisting groups such as a development
group, planning group, quality group, quality committee, or subject
groups. Their tasks differed little from those of a management group.
Common properties for the groups were that they had representatives
from different subject groups and their task was to assist the principal
and vice-principal in some broader issues and prepare matters that
could then be discussed in the staff meetings. The tasks of the subject
groups were mainly related to curriculum development.

In most of the schools some additional working groups were also
established. They ensured that teachers’ views were not dismissed in
important matters. Many of these groups had meetings, for example,
once a month or once a period, but this varied to some extent
depending on the group and its purpose.

“Always when we have some project to take care of we have this practice
of appointing a working group. The members then sit down and work on
their task... The results are then discussed in the staff meeting. Everyone
has a chance to participate.” [Ilves]

The staff meetings were usually arranged once a week or every two
weeks, but there were also exceptions that were based on teachers’
requests. If meetings were less frequent, some discontent arose
because principals consequently felt that professional discussions
between teachers were reduced. In order to plan the upcoming
semester and school work, additional planning meetings were held
two or three times a year. Sometimes these meetings also had some
special theme related to school development.

The division of the teaching load did not cause any major problems
in these schools. In small schools it was considered more or less
‘automatic’ because in most of the subjects there was only one teacher.
In that sense, “it followed the titles” [Ennala]. In larger schools, the
division of the teaching load and preparation of the working plan
was usually completed either by the vice-principal or some other
person. After the proposal had been prepared, teachers discussed it
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by themselves and divided up the courses. It was usually settled in a
good spirit. The principal naturally settled the matter in cases where
there were differences in opinions.

“We always decide by ourselves in subject groups. In my subject it has
gone well. There have never been any disagreements and I haven 't heard
of anyone else having them either.” [Annala]

In three of the schools, the principal was in her first year in the post.
All the principals had brought changes in school leadership and
these were greeted with a positive attitude. Greater openness and
less authority were noteworthy features of the new principals. There
had been “a change in generation” in that sense [Annala]. Moreover,
teachers’ opportunities to influence the development of the school
had clearly improved. According to the teachers, this change was
absolutely positive.

Decision making in these schools could be characterized as fairly
open and participatory. Teachers’ opinions were listened to and
teachers were mainly satisfied with how their views were taken
into account. Some principals stressed the importance of teachers’
views by pointing out that they were not able to run the school by
themselves. Therefore, it was also important that teachers felt free to
express their opinions about school matters.

“Even if some teachers think that in some matters I stipulate, I would say
in substantial matters, everyone is able to have an influence. It wouldn t
make any sense if [ would do it all by myself. [ would burn myself out if I
would stubbornly do it in my way.” [Kontio]

According to teachers it was usually easy to discuss different
matters with their principal and vice-principal. In this sense the
communication between staff members and the management of the
school was working in most cases.

“I can say that I find it personally easy to discuss with them (principal
and vice principal) about every matter, even some troublesome matter. It's
easy to talk to them and we have always reached some kind of agreement.”
[Laurila]
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Teachers also felt that their views were taken seriously. All important
matters were discussed together in the staff meetings and “all the
decisions that were essential for the operation of the school have usually
been quite freely made at the staff meetings” [Ennala]. According to
the teachers “there were no such notion that someone would dictate
from above” [Ennala]. Teachers also felt that everyone “takes part in
the discussions and brings their own ideas and thoughts” [Metséld].
However, the main point that “surely we all have a possibility to
influence” [Metsild], was clearly expressed.

Financial matters were also usually discussed in staff meetings,
but the principal was the final decision maker. Teachers, however,
stressed that there was open discussion about the principles and even
difficult discussions were not avoided.

“[...][...]After the resources have been distributed there is always
information about it and we get the numbers in paper. Everyone can then
go through them and sometimes there have been very strict and difficult
discussions about the principles. But they have always been open..."
[Laurila]

Most teachers stressed the significance that important matters were
discussed with them. Questions related to their own subject were
naturally emphasized most, but general matters were also considered
important. In matters concerning their own subject, teachers were
usually very independent.

“The curriculum work is important and also the development of one's
own teaching subject. But I also find it important that teachers can take
a stand on the general goals. It’s not working if everything comes from
the top. I don t think it would work out if the principal would just say that
that’s how we are going to do. I think that it is important that teachers
experience/feel that this is our shared view. Teachers have to feel that they
are pulling together, that this is our common interest. [Kontio]

Teachers felt it was usually fairly easy to get new ideas through
and the success was mostly dependent on the nature of the ideas.
Decision making was a joint process in which not only the principal’s
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opinions affected the final result, but also the opinions of other staff
members.

“I would say we would take it up in staff meeting and discuss about it.
And if other staff members would also agree it was a good idea, I think
it would be realized. We have had different kinds of projects that have
required extra work from teachers and the involvement of students. They
all have been realized. I don't remember that anybody has been turned
off because of new ideas. In other words, I have the impression that if
someone has good ideas and there are enough financial resources, they
will be carried out.” [Kontio]

Since decision-making power always invloves responsibility, some
teachers emphasized that they did not want to make decisions in
matters they were not able to take responsibility for. As one teacher
expressed it:

“There are matters that I don't want to be involved in when making
decisions, since I'm not the one making decisions in matters that I'm
not responsible for. I only make decisions on matters that I also take
responsibility for.” [Ilves]

Equal

In one school the governance could be characterized as being equal.
The character of the principal had mainly created this climate. The
principal could be described as being “one of the staff members”.
Teachers expressed their satisfaction with the principal’s style of
managing the school. The small size of the school also made it easy
to take such an open and equal approach. One teacher commented on
the decision making and teachers’ participation by saying that

“Our school is of the right size in a sense... In our staff room we have
a large table that everyone fits around. Everyone comes together there
and drinks coffee. Its a daily routine that we sit and discuss things there
together. Thereis no tribalism in the sense that the teachers of mathematical
subjects get together in one place and the language teachers or teachers
who smoke or teachers who don't smoke in another place...” [Kalervo]
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The division of work between the principal and vice-principal
followed the same principles as in the schools characterized as
open and communicative. Because of the size of the school there
were mostly no permanent groups assisting in school management.
Working groups were formed to take care of certain specific tasks
that were related to preparing, for example, the curriculum or other
comparable tasks or reports. In addition to weekly staff meetings
there were the usual planning meetings two or three times a year.

The division of the teaching load did not cause any problems. Where
there was more than one teacher teaching the same subject they were
able to negotiate the division of teaching lessons.

“I think where there are several teachers teaching the same subject, it is

possible to bargain with them. Since the principal makes the schedule in
the end she also is responsible for it. They can't be arranged however one
likes, there are many things to be taken into account. But teachers can
have an influence. If some teacher wants to lecture advanced or special
courses, I'm sure its okey.” [Kalervo]

Teachers’ opinions were carefully listened to. In this school the
principal also pointed out that she was not able to run the school by
herself and therefore it was important that teachers also participated.
The power of teachers to influence school matters was considered
important.

“I always try to get everyone with me when I present some ideas. Because
I can't do anything alone.. It has to come from the teachers and I hope
that teachers would have more ideas of all kinds.” [Kalervo]

The atmosphere was open and teachers seemed to be very satisfied
with it. They were especially happy with the principal’s open style of
management. There was an open dialog between the teachers and the
principal. Teachers felt that they were able to influence the decision
making and they also were quite active in school matters.

[So teachers participate quite a lot in decision making?] “Yes, very much.
The principal also pays attention to the teachers’ views and listens them
very much in matters related teaching and their own work.” [Kalervo]
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Hierarchical

The governance in one school was characterized as hierarchical and
individualistic. The principal had centralized quite a lot of power
and decision making and as a consequence teachers felt somewhat
constrained. Teachers also had the opinion that the principal was
quite authoritarian.

As for the role and tasks of the vice-principal, they were quite limited.
They mainly included “preparing monitoring lists, monitoring at the
matriculation examinations, arranging a proper space for meetings
and instruction, and teacher training. There were no management
or other permanent assisting groups. The decision of not having a
management group was a conscious one. According to principal,
such a group would not work and could actually easily create friction
among teachers because of jealousy.

“In some schools that have management groups they cause this tendency
of many teachers feeling that the members form an odd clique that gains
extra benefits. And often they also do. And this does not necessarily benefit
the school but can actually harm it.”” [Maijala]

Even though there was no management group, some working groups
were sometimes formed. Their tasks were related to preparing, for
example, the curriculum or other comparable tasks or reports.

The role of the staff meetings was emphasized by the principal. They
were open to all teachers and were considered as the main instrument
to inform teachers of the current issues. She also underlined that
transparency and the equal distribution of information is best ensured
through collective decision making and thus that all teachers attend
the staff meetings.

In addition to staff meetings there were some planning meetings
two or three times a year. In addition to planning the upcoming
semester, another goal was to increase “the fellowship among the
staff”” [Maijala]. In that sense, the practices were very similar to other
case schools.
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Regarding the decision making, teachers’ discretion concerning their
own classroom work was considerable and there were no constraints
so that they “were able to do everything they wanted” [Maijala]. They
also had “all the necessary support and training”. Teachers naturally
appreciated this very much.

“I would thank the principal that she doesn t interfere in my teaching. In
some sense it s nice that she gives responsibility ... So she doesn t interfere
and there aren't any hindrances or anything on how to proceed. I mean,
you can teach here very independently.” [Maijala]

The problem was the developent of the school as a whole, which
created discontent among teachers. Even if teachers had initative
they had the opinion that it was difficult to get approval for their
ideas where they concerned the whole school. Therefore, teachers
felt more or less constrained and frustrated when it came to school
development outside their own classroom work.

“I would say that teachers participate very much. Teachers have many

propositions and ideas. But they are perhaps difficult to realize because
the principal makes the final decision. And there is real rigmarole when
we try to get something done [...][...]” [Maijala]

The principal tried to emphasize open discussion in all matters, but
the teachers did not have the same experiences in actual situations.
Rather, they commented that there was no discussion culture and
there were no attempts to develop any practices for the whole work
community. Problems in staff relations also further complicated the
situation.

“... But lets say that there are no opportunities for an open discussion.
The pedagogical development takes place at the subject level and in your
own brains. But if we take matters concerning the development of the
whole school, they pass unnoticed and stay in the spare time and at the
pub discussion level. In other words, the ideas don t find their way to the
development of the day school and the improvement of the process of
developing.” [Maijala]
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“[...][...] But, on the other hand, there is no platform where new ideas
could come up and be kicked. It falls down to single individuals. And if
you work like that for many years you get into a rut. So, I think it would be
a good idea to think over these matters together in the work community.”
[Maijala]

7. School curriculum

At the beginning of the 1990s, school-level autonomy and decision
making was considerably increased in general upper secondary
schools in Finland. As a consequence of this reform, the new national
curriculum for general upper secondary schools published in 1994
was less detailed and schools were obliged to devise their own school
curriculum. By the end of 1996 all schools had completed this work.
At the time of the interviews, all case schools were in the process of
renewing and making some required amedments to the curriculum.

The results of school effectiveness research showed that in successful
schools teachers were involved in curriculum planning and played
a major role in developing their own curriculum guidelines. As for
the case schools, there were some clear differences in the process of
making and renewing the curriculum. Partly they reflected the overall
situation of the school and partly they were a result of teachers’ own
attitudes towards the development of the school processes and school
work. In some cases the school curriculum was considered as an
administrative measure that has to be written. For some, the process
and curriculum was a way to develop the work and the school. There
were also mixed views and practices containing features from both
of these categories.

Administrative tool

In this category the school curriculum was mainly considered as an
administrative measure. Many of the interviewees in these schools
questioned it’s relevance for practical work. It was seen as one of
those papers that have to be written with no other significance.

“Its much of an administrative measure. And what is written in a
certain section in the curriculum does not have any significance in daily
work.”[...][...] [Kalervo]
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The national curriculum and text books were considered as one of the
reasons for seeing the curriculum an administrative paper. Some of
the interviewees had the opinion that it is quite difficult for teachers
to have any other goals than that of students absorbing the required
knowledge. In practice, instruction is dependent on the content of text
books and thus, the content of the curriculum is restricted. Therefore,
teachers felt that they didn’t have much of a choice.

“In the end, you have to follow the text books. You can't do everything by
yourself. But you can emphasize certain things. And therefore, [ sometimes
when I read the original curriculum find it somewhat too grand and
important if you compare it to what happens in practice. But I guess they
are some kind of backbone but the meat is somewhere else.” [Talvio]

The process of writing the curriculum was usually experienced as
somewhat problematic. Neither the teachers nor the principals were
totally satisfied with it. In some cases, the principal was somewhat
disappointed about the passiveness of the teachers. In other cases,
things were described as even worse.

“Unfortunately its also here so that I have made the draft. Then I have
asked teachers to read and comment on it during the development days.
I think it’s not a curriculum if it’s prepared by the principal. But there
were very few proposed alterations. So I really don t know how to do it.”
[Talvio]

Mostly, the work itself was organized so that the general part was
written by the principal and a group of teachers. Every teacher was
responsible for their own subject. If there was more than one teacher
teaching the same subject the work was conducted together. All the
subject-specific parts were pulled together by the working group that
was responsible for the general part.

“All teachers are responsible for their own subject and in case there
are three teachers, together they are responsible. And then there is this
general part which was also worked out together in a sense. The text I or
the working group had first written was handed out and we went through
it together.” [Maijala]
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Problems in staff relations also manifested themselves through this
process. The discussions were quietened by some of the staff members
and teachers felt the situation was very unequal and depressing.
They also felt that they were unable to influence the content of the
curriculum as much as they wanted. Partly, that was clearly due to
some tensions between certain teachers and partly it was due to inter-
generational differences in views.

“The curriculum work was, I would say, a quite a negative experience
of the cooperation that existed in this school. There were a few older
teachers who practically dictated what was written down. Persons that
love their own voice and complicated sentences and empty mumble. We
have one teacher who made a short and succinct and clear version, but it
was completely torpedoed by those people. It was something that indiated
right away: be quiet, you don t understand anything.” [Maijala]

There were also exceptions to the negative views where case staff
relations were working. Even though the staff members did not seem
to value the curriculum very highly, the process of renewing it was
considered good and productive since it opened up a possibility for
thorough discussions. The work itself gave a chance for people to think
over the school work and discuss the content of it with colleagues.

“The ideas were discussed, which probably had some effect. We could
have done it in other ways, too. But once in a while it is good to sit down
and discuss and think over of what is most important.” [Kalervo]

Tool for school development

The views towards the curriculum were quite positive and a realistic
approach to preparing the curriculum was characteristic of this
category. The process of updating and writing the curriculum had
been rich and people were usually satisfied with it. It gave the staff
members a possibility for open discussion about the school goals.
Teachers also gradually took the curriculum as tool to develop their
own work.
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When the work started interviewees took a somewhat reserved
stand towards it. In some schools this was because teachers were
somewhat afraid of expressing their personal opinions and felt a lack
of confidence when faced with new tasks and responsibilities.

[...][...] “It was a new and strange situation when you had to start thinking
of some principles by yourself. Naturally, quite many were longing for
clear guidelines on how to proceed. It was the way it had always been so
why couldn t it still be that way.”’[...][...][Laurila]

However, as soon as teachers realized all the possibilities involved
they started seeing the curriculum in a more positive light. They even
felt the work to be challenging and interesting, since in subject groups
they were able to plan their courses and make new courses. They were
also able to plan courses that had no text books that would guide the
progress of students. Teachers “were able to plan the content of the
whole course by themselves.” [Laurila] Curriculum work was also
seen as a way to develop one’s own work, especially for those with
a longer career.

“Since I have been here a long time [ felt it more as a reminder that
things can also be done differently. What can be stressed and what can be
left out and how things can be carried forward together and what is our
shared interest. And from the personal point of view, to show that I can
also renew and not get into a rut.” [Metsdld]

It took quite some time before teachers realized that they have the
freedom to plan their own courses. At the beginning they more or less
followed old procedures. Eventually, teachers realized that curriculum
development is an ongoing process. And now the curriculum is
living all the time so that teachers “are constantly bringing new ideas
and making new courses”. [Laurila] Doing it in the old way was a
frustrating process. In the new setting, the curriculum started to have
a real meaning for teachers.

Naturally, there were also some differences among teachers in how
they viewed the curriculum. Some of the teachers “never bother to
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read it through or think what it means”. [Laurila] Some of the teachers,
after writing and reading the curriculum, started seeing students “as
more comprehensive” by emphasizing things that are set as goals in
the curriculum. And “somehow these things are also thought over in
instruction” [Laurila].

To some extent the interest in the curriculum and its development
was associated with the age of the teachers, so that younger teachers
expressed somewhat more positive views.

“In the first time, when we revised the curriculum, there was quite a lot
of this dismissive attitude. It was said that it’s only a paper. Well, I know
that some had a lack of time and lot of work, so in the end the attitude
was maybe not so negative. But then there are also some who have taken
it as a challenge. But I must say that the attitude varies according to the
age of the teacher.” [Ilves]

The argumentation over the content of curriculum and instruction was
reversed in many of these schools. It also reinforced and increased
the meaningfulness of the curriculum work. Most of the time the
argumentation about the curriculum work had the direction that what
was written in the curriculum must become materialized in the daily
teaching work. Many of the interviewees turned things the other way
around, so that teachers documented in the curriculum their teaching
work and practices.

“Since I have long experience, I would say that they come out of my
teaching profession. [...] I am, at least, very aware of the excesses. 1
mean, writing things that I know are nonsense. The things written down in
the curriculum must be realistic. One must bear in mind the environment
one is working in. One must take into account the capacity of the children.
If the student body radically changes after two years we must adjust our
curriculum to these changes. So I would see it like this. And not so that
we first write something and then try to apply it. It doesn 't work. Then it's
only a written word on the bookshelf and not included in the actual work.
[1lves]

However, some teachers felt constrained by the text books and the
thought that books mainly steer the process of writing the curriculum
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at the school, since the instructions follow the books. The content
in each subject and course is therefore very much dependent on
the content of the books. (These, in turn, follow the content of the
national core curriculum). Therefore, the curriculum “was some
kind of nonsense all together” [Ennala]. According to this view, its
credibility suffered because when books were published their content
did not exactly follow the core curriculum.

Used to be an administrative tool

In this category, views were divided. In some cases the curriculum
was considered an administrative document with little relevance for
everyday work. However, changing views were also present largely
because of the successful process of updating the curriculum. People
were usually content with the process of preparing and updating the
curriculum because they felt their views were listened to and they
had the possibility to influence the content.

With the former school curriculum the respondents had the view
that it was most likely written “because it had to be done and it was
done with the minimum effort” [Annala]. Teachers also expressed
views that the curriculum work was “let’s say, the nonsense of the
school department” [Annala]. The curriculum itself was considered
“rather as a paper”. The main benefit of it was that maybe “you check
out at the beginning of each period what has been written down.”
In that way it affects as an ulterior motive the goals in each course
and serves as “a whip against teachers’ backs”. Teachers also felt
that “most likely not all teachers have internalized or even read the
curriculum.” [Kontio]

During the past years, views had started to change so that “teachers
were developing the curriculum together” and they had realized “that
curriculum work is actually school and job development. And with
the curriculum work they have the keys to that.” [Annala] Practical
views were also expressed according to which the significance of the
curriculum depended on the content being written realistically and so
that would be possible to implement.
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“It makes sense if it s made this way. In other words, if it is simple enough.
And so that only those things are included that can be implemented.”
[Kontio]

Despite some negative views, respondents also commented that
the curriculum had begun to ‘live’, so that its content was annually
checked and revised if necessary. For example, the course offerings
were checked and courses that did not attract students were removed.
This change was new compared to earlier practices.

In this group, teachers seemed to be happy with the process of revising
the curriculum. They were involved throughout, “each, more or less,
naturally according to their own interests, but all were involved”
[Kontio]. They also had a possibility to influence the content of the
curriculum. The basic rule was that the general part was thoroughly
discussed and changes were made if necessary. In at least one school
there was also a student member taking part in the discussions.

“That’s the principle. The content of the general part is agreed together.
It is talked through together and changes are made if necessary,
sometimes in a very detailed manner by changing the words. [So content
is discussed.] Yes, especially the educational goals and general trends
and emphases.” [Kontio]

“Everyone was taking part really well and with the attitude that
we will really think over this thing. And we generated goals and
pondered. Some matters were discussed much and some less. But it
was completed together.” [Kontio]

8. Interrelationship between the categories

It is apparent from the preceding descriptions that the different
categories are at least to some extent interrelated or correlated. If
there are problems in staff relations, processes involving interaction
between staff members such as participation in decision making and
curriculum work may be difficult to carry out. Table 2 decribes the
interrelationships between the different categories by showing the
category of each school within the themes.

63



As expected, schools with professional staff relations usually have
school governance and management practices that enable teachers
to become involved in school matters and decision making so that
they are satisfied with the situation. If there were problems in staff
relations, the governance and management of the school was also
more centralized in nature and there was dissatisfaction among
teachers concerning their role in school decision making.

A less systematic connection existed between how the students
were viewed and the rest of the themes. In schools with caring and
respecting views of the students, staff relations were characterized
as either professional or friendly. However, the three schools with
hesitant views more often did not share any similar patterns. Some
had tense staff relations but others very friendly relations. The school
governance and management practices and views concerning the
curriculum work were also different.

Based on the categories, case schools can be further grouped into four
groups. The first group is formed by Ennala and Metsdld Schools.
These were characterised by attentive views about the students,
friendly or professional staff relations, communicative governance
and management, and curriculum development that was considered
productive and as a tool for work and school development.

Annala and Ilves Schools had a very similar categorization based on
the themes. Staff members had respecting views about the students,
staff relations were professional and there was a mutual exchange
of ideas in the decision making of the school. The views about the
curriculum somewhat diverged so that they were either developing
or the curriculum was already considered as a development tool.
Laurila and Talvio Schools were slightly different from Annala and
Ilves Schools. The views about the students were educating, i.e. more
formal. In Talvio School the school curriculum was considered more
as an administrative task.

Three of the schools with hesitant views about the students had mixed
results concerning their staff relations, governance and management
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practices, and views about the curriculum. Two of them (Kontio and
Maijala Schools) also had tense staff relations, but the views and
practicies differed in school governance and curriculum work. Staff
members had a hesitant view about the students but the relations
between staff members were very good and management practices
supported teachers’ initiative and participation in decision making.
The possibilities offered by the school curriculum were seen as
limited, but the process of preparing and revising it was considered
very fruitful.

Table 2. Placement of schools into categories and
formation of groups (Gr 1-4)*

Annala Ennala Ilves Kontio Kalervo Laurila Metsdlda  Maijala  Talvio

Views concerning the students
Attentive Grl Grl
Respecting Gr2 Gr2
Educating Gr3 Gr3
Frustrated Gr4 Gr4 Gr4

Staff relations
Tense Gr4 Gr4
Professional Gr2 Gr2 Gr3 Gr 1 Gr3
Friendly Grl Grd

Governance and management
Centralized Gr4
Participative Gr2 Gr 1 Gr2 Gr4 Gr3 Gr 1 Gr3
Equal Grd

School curriculum
Administrative tool Gr4 Gr4 Gr3
Purpose
unclear Gr2 Gr4
Tool for work and
school development Gr 1 Gr2 Gr3 Gr 1

*The groupings are formed in the text.
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9.  Categories, groups and inefficiency

Finally, the question of whether the findings concerning case schools
are related to their inefficiency scores is discussed. The relationship
between the previously-described groups and inefficiency is depicted
by calculating the average inefficiency of the schools in each group
(see Table 3). It must, however, be noted that the following results
are only tentative because of the low number of cases. For the same
reason, no statistical tests for significance are performed.

Table 3. Average inefficiency in different groups
Random Fixed
effects effects
Group 1 (Ennala, Metsdld) 0.04 0.14
Group 2 (Ilves, Annala) 0.04 0.11
Group 3 (Laurila, Talvio) 0.10 0.17
Group 4 (Kontio, Kalervo, Maijala) 0.16 0.24

As shown in Table 3 groups 1 and 2 had a lower average inefficiency
than groups 3 and 4. In the first group, the intake of students in
terms of GPA and heterogeneity of the student body was infavorable
(see Figure 3). Despite these facts, students scored little above the
national average in the matriculation examination. The views of
the staff members concerning the students were attentive, so that
interviewees emphasized the commitment to give every student a
chance to matriculate. Extra attention was especially devoted to the
low-achieving students and teachers were also proud when these
students succeeded.
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Figure 3. Background of students in group 1 in 2000.
Percentage deviation from the national average
(dotted circle in the figure). Values outside the
circle indicate favorable situation for the school

Group 1: Ennala upper secondary school Group 1: Metsiilid upper secondary school

Scores in exam Scores in exam

IIclcrogcnc

PA
% ?ét, / Parents' education Female (%
NE7 D

Single parents (% ‘White collars (%) Single parents (%

Parents' education

hite collars (%)

Note: see Figure 2.

In group 2 the background of students was clearly favorable (see
Figure 4). Students were motivated and in some cases highly
motivated, and and they performed above the national average in
matriculation examination. These facts were reflected in interviewees’
views of the students which were characterized as trusting and
confident. This view stressed the students’ own responsibility for the
school work. Low motivation and performance was uncommon and it
was treated more as identity searching which did not require any major
measures by the teachers. Respondents were generally confident that
students would cope with their problems by themselves. The attention
of the teachers was more on promoting the high performance of
students.

67




Figure 4. Background of students in group 2 in 2000.
Percentage deviation from the national average
(dotted circle in the figure). Values outside the
circle indicate favorable situation for the school

Group 2: Annala upper secondary school Group 2: Ilves upper secondary school

Heterogeneity

Female (%) Parents' education Female (%) Parents' education

Single parents (%) White collars (%) Single parents (%) White collars (%)

Note: see Figure 2.

Staff relations in both groups were open and smooth and they were
characterized as professional. There was a sense of collegiality
involved. The discussion culture was open and it focused on school
work. Staff members were also able to settle disputes without long-
lasting consequences. There were no cliques and teachers discussed
and exchanged ideas and information about, for instance, instruction
and the problems of students. Teacher independence was also
emphasized so that everyone was comfortable doing their tasks
without the feeling that someone was breathing down their neck.

Governance and management of the schools was participative.
Cooperation between the principal and vice-principal was good. The
roles in the school were clear and accepted by the staff members. The
principal had the leading role and was assisted by the vice-principal.
The tasks of the vice-principals varied to some extent from school
to school. There were one or more groups (management or subject
groups) assisting school management in matters requiring more
extensive preparation. Teachers participated into decision making
and felt that their views and suggestions were taken into account in all
important matters. In their instruction and classroom work, teachers
were very independent.
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The school curriculum and curriculum work was perhaps earlier seen
more as an administrative task with only limited relevance to everyday
school work. This view, however, had been changing as interviewees
realized that the curriculum was actually living. The curriculum was
updated regularly and during this work it was to a growing extent
seen as a tool that could also be used in developing one’s own work.
Teachers had realized that they were able to influence the content of
courses and school matters through the curriculum. The curriculum
work in these schools had mostly been participative and in some
schools also created lively discussions about the ultimate goals of the
instruction and school work. The process of writing and renewing
the curriculum was also described as one way to exchange ideas and
increase the mutual understanding and internal cohesion among staff
members.

The average efficiency was lower in groups 3 and 4. Concerning
student background, schools in group 3 were close to the national
average and similar to schools in group 1 (see Figure 5). Views about
the students in this group were characterized as educating, emhasizing
the students’ own responsibilities. Low-achieving students were seen
in a conflicting light in the sense they were understood, but there
were also views that students were mostly looking for child minding
and that their place was not in general upper secondary school. Some
attention was paid to these students, but the approach was such that
the students’ own initiative was stressed. Staff relations, school
governance and management and school curriculum work in group 3
was very similar to those schools in group 1 and group 2.
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Figure 5. Background of students in group 3 in 2000.
Percentage deviation from the national average
(dotted circle in the figure). Values outside the
circle indicate favorable situation for the school

Group 3: Laurila upper secondary school Group 3: Talvio upper secondary school
Scores in exam
50

é“:\ on Heterogencity GPa

Single parents (% ‘White collars (%)
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Parents' education
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Note: see Figure 2.

The least efficient schools (group 4) in this study had in most cases a
larger share of low-performing students than the other case schools
(see Figure 6). This fact was also reflected in respondents’ views
about the students. They were to some extent frustrated and hesitant.
Students were characterized with terms such as underperformance.
Some teachers also had the view that the students were mainly
passing time in school. Disappointment and in some cases also some
caring reactions were noted. In some of the schools with many low
performers, teachers felt that the absence of role models further
lowered the standards of the students. Large skill differences were
also found problematic for instruction.

70




Understanding efficiency differences of schools

Figure 6. Background of students in group 4 in 2000.
Percentage deviation from the national average
(dotted circle in the figure). Values outside the
circle indicate favorable situation for the school

Group 4: Kontio upper secondary school Group 4: Kalervo upper secondary school

Note: see Figure 2.

In addition to problems with the students, in two of the schools there
were problems in staff relations that affected the job satisfaction of
staff members. Staff members openly admitted that the situation
could be better and that there were problems among some of the staff
members. The discussion culture of the schools suffered because of
these problems and people were not able to express their views openly.
Because of personal problems and disputes the cooperation was
limited to school matters. Even though teachers emphasized that the
relations between teachers and students were good, the unsatisfactory
situation between the staff members created friction and discontent.

Problems in staff relations also had consequences for the governance
and management of the schools, especially if they were severe.
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Governance and management was hierarchical so that most of the tasks
were centralized to the principal and teachers felt rather constrained.
The vice-principal’s role was limited and the development of school
matters was placed in the hands of a few. Teachers lacked the
possibilities to have an influence when it came to the development of
matters concerning the whole school. The lack of an open culture of
discussion between the teachers and problems in staff relations also
complicated the matter. As for the teachers’ own classroom work, the
situation was considered good and they had quite free hands and the
support of the principal.

In this group, the relevance of the school curriculum and the curri-
culum work to the practical work done in the school was more
often questioned. Probably because of these views and problems in
staff relations, the process of preparing the curriculum was mostly
experienced as problematic and there was dissatisfaction concerning
the final outcome.

In Group 4, one school was an exception to the above descriptions
in terms of staff relations and governance and management. Despite
the clearly unfavorable intake of students, teachers felt comfortable
in the school, staff relations were characterized as friendly. Teachers
openly discussed the students and difficult classroom situations. Staff
members were very satisfied with the situation and they praised the
climate and the discussion culture.

The friendly relations were accompanied by open and equal
governance and management. The difference in having open and
participative governance and management was small, but the
principal’s attitude of being one of the others made the difference
from the other groups. In this setting, teachers’ opinions and ideas
were carefully listened to and their contribution was considered
very important. Teachers were very content with the open style
and there was a constant dialog between the staff members and the
principal.

Finally, the relationship between inefficiency and the themes is
depicted in Table 4. It shows that schools with attentive and trusting
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views were more efficient than schools with educating and frustrated
views. Problematic staff relations were reflected in inefficiency since
schools with tense relations had the highest inefficiency compared
to schools with professional and friendly relations. Schools with
participative school governance and management turned out to
be more efficient than rest of the schools. Concerning the school
curriculum and curriculum work, schools taking the curriculum as a

way to develop the school and work were most efficient.

Table 4. Inefficiency and views concerning the students,

staff relations, school governance and
management and curriculum work

Random Fixed
effects effects
Views concerning the students
Attentive (Ennala, Metséld) 0.035 0.141
Trusting (Annala, Ilves) 0.042 0.109
Educating (Laurila, Talvio) 0.100 0.175
Frustrated (Kontio, Kalervo, Maijala) 0.163 0.239
Staff relations
Tense (Kontio, Maijala) 0.144 0.223
Professional (Annala, Ilves, Laurila, Metsdld, Talvio) 0.066 0.147
Friendly (Ennala, Kalervo) 0.113 0.193
School governance and management
Hierarchical (Maijala) 0.134 0.214
Participative (Annala, Ennala, Ilves, Kontio, Laurila, Metséld, Talvio) 0.073 0.154
Equal (Kalervo) 0.202 0.272
School curriculum
Administrative tool (Kalervo, Maijala, Talvio) 0.167 0.239
Used to be an administrative tool (Annala, Kontio) 0.092 0.167
Tool for school development (Ennala, Ilves, Laurila, Metsild) 0.040 0.129
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10. Conclusions

Studies on the efficiency of schools have traditionally concentrated
on determining the efficiency differences with various statistical
or non-parametric methods. Seldom has a further step been taken
to investigate the organizational or pedagogical characteristics and
practices of schools that might produce the efficiency differences. In
educational research this kind of approach has been more common in
school effectiveness studies. This study analyzed the views of staff
members concerning the students, staff relations, school governance
and curriculum work in nine case schools that differed in efficiency
based on the results of an earlier study. The analysis was based on
interviews with principals and teachers.

The findings of this study show that teachers in efficient schools
were attentive, implying that they considered every student as
important. There was a sense of pride when respondents described
how they succeeded with low-performing students. In schools with
a high proportion of strongly-performing students, teachers’ views
were trusting and students were described as being conscientious
youngsters. In inefficient schools the views were more frustrated and
disappointed. Weaker students were more often seen as those who
should not be in a general upper secondary school and there was less
talk about taking care of all students.

Partly these views were related to the background of students.
In schools with clearly lower GPA and higher heterogeneity of
skills teachers felt frustrated and disappointed. These views are
understandable in such a case. It is also possible that this situation is
hard to overcome just by trying to change the views and attitudes. It
may also require other measures and additional resources. However,
in some schools same views were expressed even though student
characteristics did not differ from the average one. Therefore, it is
not just the poor performing students that cause frustration but some
common view or attitude that was present in those schools. These
views influence teachers’ behavior and gradually also students’
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behavior as they begin to act according to expectiations. Hence, these
views are also reflected in efficiency.

Staff relations in all efficient schools were good and they were
characterized as professional in this study. Very good staff relations
were not, however, only a hallmark of efficient schools, since in
one inefficient school the situation was also very good. In schools
with professional staff relations, staff members got along well with
each other. There were no major problems and there was a sense of
collegiality so that teachers were sharing matters related to instruction
and students. Collaboration between the teachers and principal was
usually frictionless and staff members were happy with the situation.
In inefficient schools, there were more often problems in staff relations
and these were openly admitted. These problems also complicated
the collaboration between the teachers.

As for school governance and management, in efficient schools the
roles of the principal and teachers were clear. The management and
decision making was participative so that teachers were satisfied
with how their views were taken into account. In inefficient schools,
principals were more often isolated and had centralized most of the
responsibility and tasks for themselves. Decision making was also
centralized so that teachers were discontent with their possibilies to
influence school matters.

The school curriculum and curriculum development were more often
seen as way to develop the school and one’s own work in efficient
schools. In inefficient schools they were considered more as an
administrative measure with a little relevance to everyday work. The
process of writing the curriculum was also considered problematic,
either because of the passiveness of teachers, the lack of a culture of
discussion and problems in staff relations. Teachers were also more
often discontent with the final outcome.

In addition to the above-mentioned topics, the interview data contained

information on evaluation and monitoring practices of schools, staff
development, and parent-school relations. These practices were very
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similar in every school and they were therefore not analysed any
further in this paper. Monitoring of student performance was usually
conducted after every period in staff meetings. Students with problems
were identified and discussed. It was admitted in almost every school
that they had some problems in keeping a record of every student.
The system with no fixed classes provided an opportunity for some
students to fall behind without teachers noticing it early enough.
Staff development was usually based on individual interests and
there were very few school-wide development programs. Teachers
mainly attended courses a few days a year that were related to their
own subject. Parent-school relations were considered mostly as of
minor importance, since students were on their way to independence.
Teachers and principals rather emphasized the importance of
discussing all important matters directly with the students.

Many of the findings of this study related to staff relations, school
governance and management and curriculum work are similar to
earlier school effectiveness studies (Teddlie and Reynolds, 2000;
Sammons, 1999; Sammons et al., 1998). Views concerning students
have not usually been addressed and the analysis of this study showed
that they differed between the efficient and inefficient schools and
they are important to take into consideration. The study also showed
that some of the findings of school effectiveness studies related to
evaluation and monitoring practices, staff development and parent-
school relations didn’t apply to Finnish general upper secondary
schools or at least to case schools of this study.

As for the method used for efficiency measurement, the inefficiency
scores based on stochastic frontier analysis most likely captured
some more permanent characteristics of schools related to their
organizational practices. Hence, this method is a promising instrument
to use in efficiency evaluation of schools. To gain more certainty on
this matter, a large survey data would be needed that would enable
the statistical testing of the case study results.
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Abstract

In this study we analyze the effects of changes in school spending on changes in student performance. We use a
large sample of matriculation examination scores of Finnish senior secondary school students from the years 1990—
1998. We estimate fixed-effect panel data models that use the dramatic changes in the school spending caused by the
1990s’ recession as identifying variation. According to the results, changes in teaching expenditure did not have a
significant effect on the test scores. The grade point average in comprehensive school and the parents’ education are

the strongest explanatory variables for student achievement.
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1. Introduction

The effect of school resources on student achievement
has been examined in hundreds of studies during the past
thirty years. Still, the question is far from settled. Exist-
ing studies have failed to show conclusive evidence that
additional resources to schools would improve learning.
In his latest survey, Hanushek (1997) concluded that
there is no systematic evidence that more resources, such
as higher teacher—student ratios or per-student expendi-
tures would improve student learning.

A basic problem in analyzing the effect of resources
on student achievement is that resources are likely to
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! Other recent surveys on school resources and student
achievement include Hanushek (1986); Betts (1996); Hedges
and Greenwald (1996), and Card and Krueger (1996).

be correlated with unobserved characteristics that affect
achievement. Typically poor school districts can afford
to spend less on education, but it is not clear whether
low spending levels or other characteristics of poor
neighborhoods are responsible for the low achievement
levels in these schools. On the other hand, rural schools
with small numbers of students often have smaller
classes and higher per-student spending. The students in
these rural schools may perform differently from urban
schools for reasons unrelated to school resources.
Studies that use experimental data with random
assignments to small classes provide the most convinc-
ing evidence on the effect of smaller classes and higher
per-student spending. Random assignment removes any
systematic correlation between the class size and unob-
served variables, and, hence, provides an unbiased esti-
mate of the effect of class size on student achievement.
One of the best-known examples is Krueger (1999), who
used data from the Tennessee STAR experiment, and
found that students in smaller classes performed better.
Some recent studies rely on “natural experiments” to
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create exogenous variation in class size. Angrist and
Lavy (1999) identify the effect of class size from discon-
tinuous changes in class size imposed by Maimonides
rule that determines the relationship between school
enrolment and class size in Israel. Hoxby (1998) ident-
ifies the effect of class size from natural population vari-
ation in Connecticut school districts. Angrist and Lavy
find that class size reductions induce a substantial
increase in math and reading achievement. Hoxby finds
no significant class size effects.

However, most studies on the effects of school spend-
ing use cross-section data. Even if the studies use a
“value-added” specification as an attempt to control for
the initial achievement level of the students, there is usu-
ally no attempt to control for the non-random assignment
of students to different schools or to different classes.
Since randomized experiments are rare and clever natu-
ral experiments hard to come by, it is useful to see if
more traditional estimation methods could be used to
control for the unobserved school-specific factors.

In this paper we study the effects of the changes in
school spending on matriculation examination results
using a large sample of Finnish senior secondary school
students. We have a representative sample of students in
all Finnish senior secondary schools for the years 1990
1998. Nine cohorts of students allow us to control for
the time-invariant differences across the schools, and our
estimates are based on the differences in the changes in
the school spending. Therefore, we can eliminate any
permanent differences across the schools and control for
the neighborhood effects in a manner that is not possible
in the cross-section studies. We can also control for fam-
ily background differences and the initial level of
achievement when students apply to the senior second-
ary schools.

Our data cover a period when school spending varied
considerably across schools. Some local governments,
who are responsible for school funding, suffered more
than others from the recession in the early 1990s. Spend-
ing per student, adjusted for inflation, decreased on aver-
age by 25 percent, but the decrease was by no means
uniform. In addition, the local government financing sys-
tem was reformed in 1993, giving the local governments
more discretion on how to spend the state subsidies they
receive for running the school system.

Most studies on the effects of school resources use
standardized test scores as a performance indicator.
Typically, these tests suffer from a selection bias, since
only a non-random sample of students take part in test-
ing. In this study, we use results from the Finnish senior
secondary school matriculation examination, which is
compulsory for all students.

The rest of this paper is organized as follows. Section
2 summarizes the main features of the Finnish senior
secondary school system. Section 3 discusses the data.
Section 4 describes the recent developments in school

resources. Section 5 presents the estimation results and
Section 6 concludes.

2. Features of the Finnish senior secondary schools

The Finnish senior secondary schools provide three
years of general education for students who are between
16 and 19 years of age. About 37,000 new students start
senior secondary school each year. This is roughly 50
percent of the age cohort. The other half of the age group
enter vocational education. Only approximately 5 per-
cent of the age group quit school after compulsory com-
prehensive school.

Admission to the senior secondary schools is selective,
and it is based on the grade point average (GPA) in the
comprehensive school. Competition to the best senior
secondary schools is harder, and competition is generally
harder in the larger cities. Therefore, the admission cri-
teria and the average GPA of the accepted students vary
across schools.

The senior secondary school concludes with a national
matriculation examination that gives students a general
qualification to apply for universities or for tertiary-level
vocational studies. The examination is compulsory for
all senior secondary school students. It is drawn up
nationally, and there is a centralized body to grade the
exam according to uniform criteria. The results are also
standardized to be comparable across the years.

There are four compulsory exams in the matriculation
examination: mother tongue, the second official langu-
age, one foreign language?, and cither mathematics or
science and humanities exam.> In addition, candidates
may voluntarily take additional exams in other foreign
languages, or take both the math, and the science and
humanities exams. The exams are held each spring and
autumn during a two-week examination period. From
1996 onwards the candidates have been able to take the
exam over the maximum of three examination periods.
Before, the full exam had to be taken within the same
period, usually in the spring term of the senior year.

Responsibility for funding senior secondary schools is
divided between the state and the municipal govern-
ments. The system was reformed in 1993. Before, the
municipal governments received a cost-based subsidy. In
the new system, the Ministry of Education confirms each
year unit prices (expenditure per student) that are used

2 For the Finnish-speaking majority, the other national lang-
uage is Swedish and the compulsory foreign language is usu-
ally English.

3 The science and humanities exam includes questions from
physics, chemistry, biology, psychology, geography, religion,
and history. Students can choose to answer questions from any
subject area.
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to calculate the state subsidy. These unit prices are
higher in small schools and in the municipalities that
offer schooling in both Finnish and Swedish. The state
subsidy covers 57 percent of the costs calculated by mul-
tiplying unit prices by the number of students. The actual
level of school spending is decided by the local govern-
ments, the state grant does not depend on actual spend-

ing.

3. Data and variables

Our basic sample is drawn from the Employment Stat-
istics (ES). This is the main labor market database of
Statistics  Finland with information on individual’s
income, employment status, education, household com-
position, etc. Data are based on about 30 different official
registers. Currently the ES cover the years 1987-1997.
For our sample we merge additional information from
the National Joint Application Register and the Matricu-
lation Examination Board Register. We also add the
information on the parents of the sampled individuals
from the ES database.

The Matriculation Examination Board Register con-
tains the grades in all subject exams and the time of
examination for all students attending the exam. We use
data for the years 1990-1998. We defined the year of
matriculation examination as the year when the student
has taken all four compulsory exams (not necessarily
passed). If the student has later supplemented his/her
examination, we have added the new scores in the
results, but if a student has attended again an exam that
she has already passed or failed, we have used the score
from the first attempt at this exam. Our sample includes
only students who have attended the matriculation exam-
ination; we were not able to identify drop-outs from
those who have been accepted to senior secondary
school, but have never started it.

In this study, we use the sum of test scores in six
exams as a dependent variable. The scores in each exam
range from improbatur (failed) to laudatur (excellent).
To calculate the overall score the sub-scores in each
exam are converted to a scale from 0 to 6. About 10
per cent of the candidates reach excellent (5.5-6.0) aver-
age test scores each year. Less than 5 per cent of the
candidates fail the examination.

Achievement level of the students at the point when
they enter senior secondary school can be found from
the National Joint Application Register. We had data
from the years 1987-1998 with information on students’
grade point average (GPA) in the comprehensive school.

* In 1996, laudatur was split into eximia cum laude approba-
tur and laudatur. To maintain comparability across years, we
coded both eximia and laudatur as 6.

Grading scale in the comprehensive school is from 4
(fail) to 10. Some senior secondary schools accept all
applicants regardless of their GPA, while for some
schools the minimum GPA requirement is over 9.° The
average GPA in our sample is 8.5.

We measure the students” family background by the
parents’ education using the ES data. The parents’ edu-
cation is recorded at the time when the students enter
secondary school. We converted the level of education
into years of schooling using the mean years of schooling
usually required to complete different levels of edu-
cation. We have also municipality-level information on
the education level of the population and information on
unemployment rates at the local labor market.

Other student-related information include the student’s
gender and whether the student worked during the school
year. Work during the school year is defined based on
the months worked in the ES data. We assume that if a
student has worked for more than two months, she must
have been working not only during the summer holidays
but also during the school year.

We have cost information on 444 senior secondary
schools from 276 municipalities. Data cover all day
schools in Finland. Roughly three quarters of the total
school expenditure is teaching expenditure, which com-
prises teachers’ salaries, teaching materials, teacher
training, and other teaching-related costs. Data on the
teaching expenditure for the years 1987-1992 are col-
lected from the educational expenditure registers of the
National Board of Education. Data for years 1993-1997
are based on the municipality databases of Statistics Fin-
land. In general, our cost data is very accurate. The main
problem in data is that if several senior secondary
schools are located in the same municipality, the costs
cannot be attributed to the individual schools. Since most
municipalities in Finland have only one senior secondary
school, this is an issue that concerns mainly larger cities.
To ensure that our results are not affected by the aggre-
gation level, we perform the empirical analyses also with
a smaller sample of municipalities with only one senior
secondary school.

The expenditure data include information on teaching
expenditure and other costs both as absolute figures and
as average costs per student. We deflated all cost vari-
ables to the 1997 prices.® Our principal measure of
school resources is teaching expenditure per student, cal-

5 As the fraction of the age cohort admitted to senior second-
ary schools has increased over the years, admission has become
less selective. This causes a negative trend in the comprehen-
sive school GPA of the accepted students.

6 Wages, pension expenditures, and social security payments
are deflated using the wage and salary earnings index of the
municipal workers. Other costs are deflated using the cost-of-
living index.
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culated as an average over the three years that the student
was enrolled in the school. We consider teaching expen-
diture a summary measure of class size, teaching hours,
and teachers’ experience. It should be noted that teacher
salaries are based on a nationwide union contract, and
there is no across-school variation in salaries. Therefore,
the variation in teaching expenditure per student depends
almost entirely on the number of teaching hours per stud-
ent.

The two data sets—the one including the students and
the other including the schools—were merged by Stat-
istics Finland. In order to prevent identifying individual
students from the data, the identity of the schools was
concealed in the merging process. From the 23,199 stu-
dents whose examination results we collected from the
Matriculation Examination Board Register, we were able
to match school and background information for
20,505 students.

4. Developments in the school resources

The average teaching expenditure per student calcu-
lated over the period from 1987 to 1997 was FIM
16,000.” As shown in Fig. 1, there has been substantial
variation both between schools and over time. Average
expenditure per student peaked in 1989. After that it
decreased by 25 percent in five years. The decline was
due to a severe recession that reduced tax revenue,
increased social expenditure for the unemployed, and
forced local governments to cut spending in all other
activities. Fig. 1 also shows that there is large variation
in expenditure across schools in any given year. The
average difference between the Ist and the 5th quintile
is FIM 8600. The most important factor explaining the
between-school variation in spending is the school size.
The schools with less than 100 students have consider-
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Fig. 1. Changes in teaching expenditure per student.

"1 FIM (Finnish markka) [10.17 euro.

ably higher teaching expenditure per student than the
larger schools.

We also demonstrate that there are large differences
across schools in the changes of expenditure per student.
Fig. 2 shows changes between 1989 and 1994, i.e., dur-
ing the largest drop in the average spending. There were
only a few schools that did not experience any decline
in expenditure. In thirty schools, teaching expenditure
decreased by more than FIM 10,000 per student. On
average, small schools cut their expenditures more than
large schools, but there is considerable variation in the
spending changes, even controlling for the school size.

Detailed information on how these spending cuts were
achieved is not available in our data. The National Board
of Education reports that savings were made by increas-
ing the class size, and by decreasing the supply of volun-
tary courses and remedial instruction. Teacher salaries
have been decreased by cutting holiday benefits, and
reducing compensation for other than teaching duties.
Temporary substitute teachers were no longer hired.
Also, spending on teacher training and teaching materials
was reduced.

Eventually, we will use the teaching expenditure per
student to explain student achievement. However, simply
regressing achievement on resources leads to biased esti-
mates on the effect of resources if the resources are cor-
related with other factors that affect student achievement.
To examine the differences in school spending, we
regress the teaching expenditure per student on the local
government tax revenue, the local unemployment rate,
the average education level in the municipality, and the
municipality’s gross margin (tax revenues [ state sub-
sidies — spending). The equation also includes yearly
dummies interacted with the inverse of the number of
students in the municipality, which allows for a different
spending rule in each year. Since school subsidies are
specified as marks per student, and the amount per stud-
ent varies across years, it is important not to restrict the
effect of the number of students to be equal across the
years.

Another way to interpret our regression estimates is
that if expenditures depend on the economic situation in
the municipality and the year-specific rules on expendi-
ture per student, the total school expenditure can be writ-
ten as

Exp, = o, + BN, + WX, + & 0]

where Exp;, is expenditure in municipality 7 in year ¢, N,
is the number of students and X, is a measure of econ-
omic situation, e.g., the tax revenue of the municipality.
o, and B, are year-specific coefficients. Dividing all terms
by the number of students yields

1
Expu/ N = o -+ B, + ¥X/N, + vy )

We first estimate the model with random
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Fig.2. Change in teaching expenditure by school size in 1989-94. Notes: There were 6 schools with more than 600 students that
do not fit into the graph. In these schools changes in expenditures were less than FIM 2000 per student.

(municipality) effects panel regression. The results in the
first column of Table 1 show that the economic situation
of the local governments matters for school spending.
The municipalities with higher tax revenue spend more
per student, and the municipalities in high unemploy-
ment areas considerably less. Municipality’s gross mar-
gin and local education level had no significant effects
on school spending. However, these variables are highly
correlated with the tax revenue. When the tax revenue
was not included in the model, both variables had a
strong positive effect on the school spending. In column
2, we add an indicator variable for urban area to the
model. Apparently urban municipalities have lower per-
student teaching expenditure than rural municipalities
even when the school size is controlled for.

In column 3, we estimate the model with fixed munici-
pality effects. The fixed effect specification removes all
time-invariant  differences  between municipalities.
According to the results, only the unemployment rate has

Table 1
Determinants of teaching expenditure®

a significant effect on school spending. The munici-
palities that experienced the highest increase in unem-
ployment cut their school spending by the largest
amount.

Above, we showed that in a cross-section, school
resources are correlated with the size of the school, local
education level, local unemployment rate, municipality
tax revenue and population density. However, changes
in spending per student appear to be correlated only with
changes in unemployment. Therefore, we are reasonably
confident that changes in spending are related to the fin-
ancial situation of local government, and can be treated
as exogenous in explaining changes in student achieve-
ment.

5. Results

The main question of this paper is whether the
reduction in the school spending that occurred during the

RE (1) RE (2) FE (3)
Tax revenue / inhabitant 0.23 (0.09) 0.27 (0.10) —0.04 (0.11)
Local unemployment rate —65.60 (24.12) -64.05 (24.31) -208.91 (26.71)
Municipality’s gross margin -0.07 (0.07) —0.08 (0.07) 0.01 (0.07)
Municipality’s educational level -3.28 (8.66) 445 (9.95)
Urban area -854.62 (563.02)
Densely populated area -1,224.04 (438.17)
Number of observations 2,464 2,464 2,464
Number of municipalities 274 274 274
R? 0.74 0.74 0.66

2 The dependent variable is teaching expenditure per student. All models include year dummies and year dummies interacted with
the inverse of the number of students. Tax revenue per inhabitant, unemployment rate and municipality’s gross margin are lagged
by one year. Standard errors are in parentheses.
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1990s has had a negative impact on the matriculation
examination results. However, there are two issues that
make this analysis more complicated.

First, since the matriculation exam results are stan-
dardized across the years, there is no annual variation in
the test scores. If the reduction in school spending had
been equally large in all schools, the annual variation in
school spending could not be used to evaluate the effects
of resources on performance. Second, although the effect
of spending on performance can be, and often has been,
calculated from a single cross-section, it is not clear that
cross-section estimates reveal a causal relationship. A
positive correlation between school spending and student
performance can be due to unobserved differences in
schools. For example, parents that are more concerned
about their children may get their children into the better
schools. Parental involvement may also have a positive
effect on learning, creating a correlation between school
quality and achievement, even if school quality had no
causal effect on learning. Even with data on the initial
achievement level and the family background of the stu-
dents, there is no way to be certain that the partial corre-
lation between school resources and student achievement
is a causal effect and not a spurious association.

Since we have repeated observations from each
school, we can use panel data methods to control for
the school-specific time-invariant factors. Our approach
involves explaining the matriculation exam score with
the grade point average in the comprehensive school,
measures of family background, and school spending:

Ay =a+ ﬁ Ry+ xFiut 0 GPA, + u, + v, ©)
+ 81‘:!

where A is the matriculation exam score, R is a measure
of school resources averaged over the three years that the
student was in school, F is a vector of family background
characteristics, and GPA is the grade point average in
the comprehensive school. Index i refers to individual, s
to school and ¢ to time. We use a two-way fixed-effect
panel estimator. Therefore, , is a fixed school effect, v,
a fixed time effect, and €, a random error term.

Table 2 presents the estimation results of the fixed-
effect model. The data cover years 1990-1998. The
dependent variable is a sum of test scores in six exams.
First, in column 1 we use data from all the 444 senior
secondary schools.

As expected, the grade point average in comprehen-
sive schools has a very large effect on the matriculation
examination results. A unit increase in the GPA increases
the matriculation exam score by almost eight points,
which is equivalent to an increase of score in each exam
by more than one grade. Also, parents’ education has a
strong effect on the matriculation examination score,
even when the comprehensive school GPA is controlled
for. All else equal, boys do slightly better than girls.

The results show no effects of teaching expenditure
on student performance. The estimates are positive but
not significantly different from zero. The effect is rather
precisely estimated. A 95 percent confidence interval for
the effect of FIM 1000 (5%) increase in expenditure per
student is from —0.04 to 0.08 points in the matricu-
lation exam.

In Column 2 of Table 2, we add to the equation the
local unemployment rate, the school size, and a dummy
variable that indicates whether the student has been
working during the school year. The school size and the
local unemployment rate have no effect. Working during
the school year appears to decrease the exam scores.
However, adding these variables has no impact on the
coefficients of teaching expenditure, family background
or GPA. Altogether, the variables in the model explain
53 percent of the variance in the matriculation examin-
ation scores. About 10 percent of the remaining variance
is attributed to the between-school variation.

As noted before, it is not possible to divide teaching
expenditure between different schools in the same
municipality. Therefore, in Columns 3 and 4 of Table 2,
we repeated the analysis using only private schools and
the municipalities with only one senior secondary school.
The results on this smaller sample are similar to the esti-
mates including all schools. The only qualitative differ-
ences are that the coefficient of the school size decreases
and becomes statistically significant, and that boys are
not performing better any more.

We experimented with a number of different specifi-
cations to check the robustness of our results. First, we
replaced the sum of test scores with the average score
in the compulsory exams in order to focus on the tests
that all students take. Second, we followed a suggestion
by a referee and dropped the observations where per-
student expenditure was below the 5th or above the 95th
percentile to lessen the influence of extreme obser-
vations. Third, we estimated the effect of school spend-
ing on the 10th, 25th, 50th, 75th, and 90th quantiles of
the achievement distribution. As argued by Eide and
Showalter (1998) it is possible that cuts in spending hurt
the weakest students even if average achievement is
unaltered. Finally, we estimated the effect of resources
on the various sub-scores of the exam. We were parti-
cularly interested whether the cuts in resources would
affect scores in voluntary exams as voluntary courses are
more likely targets for the spending cuts than the “core”
courses. None of these specifications produced signifi-
cant estimates for the effect of teaching expenditure.®

8 Results on the robustness checks are not reported here. Full
results are available from the authors. More details can also
be found in our discussion paper (Hakkinen, Kirjavainen and
Uusitalo (2000)).



I Hikkinen et al. / Economics of Education Review 22 (2003) 329-335

Table 2
Determinants of student achievement®

335

(O] @ @) @
Comprehensive school GPA 7.89 (0.06) 7.90 (0.06) 7.90 (0.09) 7.91 (0.09)
Mother’s education 0.32 (0.02) 0.32 (0.02) 0.30 (0.03) 0.30 (0.03)
Father’s education 0.19 (0.01) 0.19 (0.01) 0.18 (0.02) 0.18 (0.02)
Teaching exp./student(in thousands) 0.02 (0.03) 0.02 (0.03) 0.02 (0.04) 0.006 (0.04)
Male 0.15 (0.07) 0.16 (0.07) -0.08 (0.11) -0.07 (0.11)
Work during senior secondary school - -0.62 (0.10) - -0.52 (0.14)
Unemployment rate - -0.03 (0.02) - 0.003 (0.03)
Number of students in school - -0.0002 (0.0002) - -0.003 (0.001)
Number of observations 20,505 20,504 9,442 9,442
Number of schools 444 444 245 245
R 0.530 0.531 0.535 0.536

* Dependent variable is sum of test scores in six exams (mother tongue, the other national language, mathematics, compulsory
foreign language, additional foreign language, science and humanities). Standard errors corrected for the school-year clustering are
in parentheses. In columns (3) and (4) only private schools and municipalities with one school are included. Work during senior
secondary school is a dummy variable indicating that the student worked during the school year (1 if work months >2, 0 otherwise).

All columns include the year dummies and the school fixed effects.

6. Conclusion

Our results are in accord with much of the earlier
research on the effects of school resources. Students’
family background and earlier achievement have a large
effect on the matriculation examination results. As for
the school resources, we found no significant effects on
any of the exam results. This conclusion was not sensi-
tive to changes in the model specification or on the
choice of the dependent variable. At least in the short-
term, the schools have been able to reduce their spending
without significant decreases in the test scores. This does
not imply that resources would be completely irrelevant;
schools may save on other activities, and focus on teach-
ing in the subjects that are included in matriculation
examination. As some cuts in average spending were
related to increases in the school size, it may be that
schools have become more effective due to increasing
returns to scale. Other possible explanations include that
teachers have exerted extra effort in the short-run, or that
the test standards have been lowered. Nevertheless, our
results show that at least the worst fears on the conse-
quences of cutting resources from schools are not sup-
ported by the empirical facts.
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