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1. Introduction

For a long time the literature in the economics of education has attempted to identify the determinants

of students’ performance in economics. (See Siegfried and Fels, 1979, Becker, 1997, and Becker et

al., 1990, for an overview of this literature.) Among other potential determinants, researchers have

analyzed the effects of students’ and teachers’ ability (Watts and Bosshardt, 1991), sex and race

(Durden and Ellis, 1995, Ferber et. al., 1983, Lumsden and Scott, 1987, Williams et. al., 1992),

attendance (Romer, 1993, Schmidt, 1983), teaching technology and class size (Lopus and Maxwell,

1995).

This paper departs from the existing literature in two respects. First, using data for two

semesters collected in a lecture on the principles of macroeconomics and the connected exercise

courses for undergraduate students of the University of Munich in Germany, we try to evaluate the

effects of re-organizing the lecture and the courses on students performance. Besides a reduction in the

contents and a change in the order of the presentation of the topics of the lecture, the main change

between the two semesters has been the preparation of a new exercise book (Bauer and Zimmermann,

1997) with very detailed answers to problem sets. Before the introduction of this book the students

could rely only on the help of a standard macroeconomic textbook and the notes they made in the

lecture and during the exercise courses. 

Second, most of the existing studies on students’ performance used ordinary least squares to

estimate the parameters of interest like changes in teaching technologies. In this paper we want to

follow a different approach. Using a stochastic frontier approach, which has been developed by Aigner
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et. al. (1977), we want to evaluate the effects of the described changes in the macroeconomics course

on the learning efficiency of the students. In particular, the stochastic frontier approach enables us to

study whether the introduction of an exercise book affects the deviation of the points the students

actually received in the final exam from a potential maximum amount the students could have achieved

given their characteristics.

The outline of the paper is as follows. In the next section we provide a short description of the

macroeconomic lecture for undergraduates at the University of Munich and of the data, which have

been collected in this lecture during summer and winter 1996. Section 3 presents the econometric

framework. The estimation results will be discussed in Section 4.  Section 5 concludes.  

2. The Data Base

One of the compulsory lectures for undergraduate students at the University of Munich with their

majors in business, economics and economics teaching, as well as students with other majors who

study economics voluntary, is principles of macroeconomics. This course consists of one lecture of

2 hours per week which has been taught by the second author since 1989 and eight different exercise

courses of 4 hours per week which were taught by different graduate students of the faculty of

economics. In order to re-organize the lecture and the courses, a survey of the students was carried

out in the last week of July, 1996, to obtain information regarding the improvement in teaching

principles of macroeconomics. Another objective of the survey was the construction of a database

for the evaluation of the main determinants of the performance of the students in the final exam at the
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end of August, 1996. In the following semester the survey was repeated to evaluate the effects of the

re-organization of the lecture and the courses on students’ performance. 

To assess the effects of the re-organization on students’ learning efficiency we assume an

economics learning production function. The learning output is measured using the number of points a

student received in one of the final exams of the two semester. The points the students received in the

final exams were merged with the respective surveys using the student-ID. It should be noted that the

final exams were very similar in their structure and contents. In both exams the students had to answer

4 open questions with 3 sub-questions within 120 minutes. The students could receive a maximum of

120 points. In the summer 1996 the best student reached a maximum of 95 points; in the winter

1996/97 the best student obtained 102 points. 

As inputs in the learning production function we consider: 1) a dummy variable indicating

whether the student took the lecture voluntarily (Macro Voluntary); 2) a vector of measures of the

attendance of students in the lecture and courses (Missed Lectures, Missed Courses); 3) proxies of the

learning strategy including whether the student did not review his lecture and course notes (Never

Reviewed Lecture Notes, Never Reviewed Course Notes), respectively, and whether the students

learned in a group (Team-work); 4) the high school grade of the student, which ranges from the highest

grade 0.7 to the worst grade 3.8, to proxy students’ ability; 5) the number of exams the student

planned to take in the respective semester (Number of Exams) to control for the students’ learning

strain; 6) the number of semesters the course instructor of a student has already taught a course in

principles of macroeconomics (Instructors Experience) to proxy for teaching ability; and 7) a vector
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of variables of the socioeconomic background of a student including his/her gender (Female) and

whether the student had to work during the semester (Worked during Semester) to finance his/her

university education.

Table 1 provides descriptive statistics of the variables employed in the study. After excluding

all observations with missing values in one of the used variables a total sample of 421 observations was

available of which 205 observations are from the summer survey and 216 observations are from the

winter survey. Most of these variables do not vary much between the two semesters. For the majority

of the students (98%) the course is compulsory. One third of the students are females and about two

thirds have to work during the semester to finance their study. On average, the students had planned

to write three final exams, and the average high school grade is 2.3.  

Remarkable differences between the two semesters appear with regard to students attendance

and learning strategies. Whereas over 65% of the students missed one of the lectures in the summer,

this number drops to 39% in the winter. One could argue that student absenteeism is usually higher in

the summer because they allocate more time to leisure. But this argument does not hold for the

courses, since only 19% missed a course in the summer but nearly 44% in the winter. These numbers

suggest that the re-organization changed the attendance behavior of students by increasing the

attractiveness of the lecture and increasing absenteeism in the courses. The latter could be due to the

introduction of the exercise book. Furthermore, Table 1 indicates that the re-organization of the lecture

and the courses also changed the learning strategy of the students. The number of students never

reviewing their lecture notes dropped from 79% in the summer to 23% in the winter. A smaller
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Yi ' f( )Xi) % ui & vi, (1)

influence was observed for the courses where the number of students who never reviewed their course

notes dropped only by about 1 percentage point from 14% in the summer to 13% in the winter. A

similar pattern was found for the number of students learning in groups. Whereas 24% of the students

formed learning teams in the summer this number drops to 19% in the winter. This decrease may also

be attributed to the exercise book, since the detailed solutions in this book makes discussions about

problems less important. Finally, since some of the older graduate students who finished their

dissertation and left the university have been replaced by younger graduates, the average experience

of the course instructors dropped from nearly 5 semester in the summer to 3 semester in the winter.

3. Econometric Framework

Students’ learning efficiency is analyzed using a stochastic production frontier approach which has been

introduced by Aigner et al. (1977). A recent overview of this approach to estimate production

efficiency is given by Greene (1993). We assume the following education production frontier

where  denotes the logarithm of the number of points student i has received in the final exams, Yi Xi

is a vector of the inputs discussed in the previous chapter,  is a symmetric error which is normallyui

distributed with mean 0 and constant variance , and  is a nonnegative error which is assumed tou vi

be exponentially distributed, i.e. , where  is the parameter to be estimated.  For thisf(vi) ' e
& vi

model, the log-likelihood to be maximized is (see Greene, 1993)
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where  is the cumulative distribution function of the standard normal distribution and .(.) i ' ui&vi

Given the logarithmic form of equation (1) one can derive a learning efficiency ratio, which

measures the percentage of the maximum points actually received by student i. Assume 

where  denotes the logarithm of the potential points a student could receive given the inputs .Y(

i Xi

Then the learning efficiency ratio can be calculated as

One problem with this kind of analysis is that the estimation of equation (2) only provides the estimated

joint residuals . The nonnegative part of the residual, , can be observed only indirectly. However,ˆ i vi

Jondrow et al. (1982) have derived an explicit form for the expected value of  in the case of thevi

exponential model:

where  (.) is the density of the standard normal distribution. In the next section, comparisons of the
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learning efficiency ratios of students with different sets of inputs  before and after the re-organizationXi

of the macroeconomics course will be made on the basis of equations (4) and (5).

4. Estimation Results

The maximum likelihood estimates of the stochastic frontier are reported in Table 2. Confirming other

studies in this area (see Durden and Ellis, 1995, Romer, 1993, and Schmidt, 1983) we found a

statistically significant and negative relationship between the absenteeism in the lectures and  the

potential performance of the students. According to the estimated coefficient, the maximum number of

points a student who missed one or more lectures could receive, is 11.3% lower if compared to a

student who attended all lectures. However, attendance in the exercise course appears to have no

statistically significant effect on the potential points in the final exam. Similar to Watts and Bosshardt

(1991) we found a significantly positive relationship between the experience of the course instructor

and the potential performance of the student. However, the estimated coefficient appears to be small,

since a one semester increase in the experience of the course instructor increases the maximum number

of points a student can receive only by 1.3%. The ability of a student, measured by his high school

grade, is highly significant. The estimated coefficient indicates that if the high school grade improves by

one grade, the potential points of a student in macroeconomics increases by 16%. Contrary to most of

the reported evidence in the related literature (see Siegfried and Fels, 1979, and Becker et. al., 1990,

for an overview) we could not find statistically significant gender differences in the potential

performance of economics students. However, it should be noted that most of the existing studies used

the results of multiple-choice exams to study gender differences in the performance of economics
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students. Our results are more consistent with the studies of Ferber (1983), Lumsden and Scott

(1987) and Williams et. al. (1992) who suggest that females tend to be better than males in essay

exams. 

The statistically insignificant coefficient on the dummy variable indicating whether an

observation is drawn from the winter survey indicates that the changes between the two semesters

have no effect on the maximum points a student can potentially achieve. However, the statistically

significant positive coefficient on the interaction term of attendance in the lecture and the winter

semester suggests that attendance in the lecture has become less important in the winter. Furthermore,

relative to the summer, learning in a group significantly decreases the potential points which could be

received by a student in the winter. Finally, the mean level of the nonnegative component of the error

term   is 0.254 and highly significant. The variance of the nonnegative error is 0.065,E[v] ' 1 / ˆ

which is 86% of the total disturbance variance of Therefore, the picture that2
u %

2
v ' 0.076.

emerges indicates only minor variation in the education production frontier across students, but a

relatively substantial variation of observed points in the final exam beneath the frontier.

At the center of interest of this study is the learning efficiency of the students. Therefore, we

calculated the learning efficiency ratio for each student employing the estimation resultsE
Yi

Y (

i

reported in Table 2 and equations (4) and (5). Table 3 contains the characteristics of the students in

the first and the fourth quantile of the distribution of    for the pooled data and the twoE
Yi

Y (

i

semesters, respectively. According to Table 3 the worst students achieved on average 58% of their

potential points; the best students reached on average 93% of their potential. The descriptive statistics
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of the two groups of students exhibit remarkable differences with regard to their learning strategy.

Compared to the students in the fourth quantile a higher fraction of the worst students have missed

some lectures or courses and have never reviewed their lecture and course notes. Furthermore, a

lower fraction of the students in the first quantile formed learning groups to prepare for the final exam.

With respect to the other variables no clear differences between the students in the first and the fourth

quantile emerges. Comparing the characteristics of the two groups of students in the summer and the

winter shows that the worst and the best students are more similar in the winter. This result suggests

that the introduction of the exercise book reduced the importance of attendance and continuous

learning for learning efficiency. 

Table 4 reports the mean efficiency ratios of students with different characteristics. According

to this table the average student reached in both semesters an efficiency ratio of 80% with no

difference between the two semesters. Overall, the numbers in Table 4 tend to confirm the findings of

Table 3. Students who missed some lectures or courses are less efficient than those who attended

regularily. Those students who reviewed their lecture and course notes are more efficient than those

who never do. Finally, team-work results in a higher efficiency. In line with Table 3, the importance of

attendance in the courses, steady learning of the course notes and learning in a group diminished in the

winter if compared to the summer. With regard to the other variables it is interesting that those students

who studied macroeconomics voluntarily were less efficient than those required to study

macroeconomics in the summer, but more efficient in the winter. However, these results may be caused

by the small number of students taking macroeconomics voluntarily. Students with very good high

school grades tend to be less efficient compared to students with high school grades above 2 indicating
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that they use relatively more learning inputs without performing better. As in Table 3, no clear

differences with regard to the other variables appear.

5. Conclusions

In this paper we use a stochastic frontier approach to evaluate the effects on students’ learning

efficiency of re-organizing the material in a principles of macroeconomics course and introducing an

exercise book with very detailed solution. The empirical results show that the best students reached

about 93% of their potential points in the final exam, the worst students however reached only 58% of

their potential. Attendance, the ability of the student and learning in a team are the main determinants

of the learning efficiency of students. Contrary to most existing empirical studies on the performance of

economics students we were unable to find statistically significant gender differences. The results

further indicate that the main effects of the re-organization of the lecture are a decreasing importance

of students’ attendance in the lectures and courses and of continuous learning of the material.
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Table 1: Descriptive Statistics*

Variable Both Semester Summer 1996 Winter 1996/97

Points in Final Exam 61.418
(15.90)

57.981
(14.86)

64.681
(16.19)

Macro compulsory 0.979
(0.14)

0.981
(0.14)

0.977
(0.15)

Macro voluntary 0.021
(0.14)

0.020
(0.14)

0.023
(0.15)

Missed Lectures 0.518
(0.50)

0.654
(0.48)

0.389
(0.49)

Missed Courses 0.316
(0.47)

0.190
(0.39)

0.435
(0.50)

Never Reviewed Lecture Notes 0.499
(0.50)

0.785
(0.41)

0.227
(0.42)

Never Reviewed Course Notes 0.140
(0.35)

0.146
(0.35)

0.134
(0.34)

Team-work 0.219
(0.41)

0.244
(0.43)

0.194
(0.40)

High School Grade 2.324
(0.59)

2.386
(0.58)

2.265
(0.60)

Number of Exams 3.223
(0.95)

3.102
(0.94)

3.338
(0.95)

Instructors Experience 3.962
(2.44)

4.790
(2.53)

3.176
(2.08)

Female 0.328
(0.47)

0.327
(0.47)

0.329
(0.47)

Worked during Semester 0.641
(0.48)

0.644
(0.48)

0.639
(0.48)

Observations 421 205 216

*: Standard deviations in parentheses.
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Table 2: Maximum Likelihood Estimates of the Stochastic Production Frontier*
Dependent Variable: ln (Points in Final Exam)

Variable Coeff. Asymptotic

T-value

Constant 4.636 70.32

MacroVoluntary -0.054 -0.75

Missed Lectures -0.113 -3.56

Missed Courses 0.011 0.29

Never Reviewed Lecture Notes -0.026 -0.68

Never Reviewed Course Notes -0.049 -1.18

Team-work 0.052 1.40

Instructors Experience 0.013 2.88

Female 0.007 0.33

Number of Exams -0.012 -1.21

High School Grade -0.121 -6.98

Worked During Semester -0.035 -1.58

Winter 0.053 1.15

Missed Lectures · Winter 0.135 2.86

Missed Courses · Winter -0.046 0.92

Never Reviewed Lecture Notes · Winter 0.007 0.13

Never Reviewed Course Notes  · Winter 0.086 1.30

Team-work · Winter -0.109 -1.98

3.933 20.15

u 0.105 9.29

E [v] 0.254 -

2 [v] 0.065 -

2 [u] 0.011 -

*: Observations: 423.
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Table 3: Descriptive Statistics of Students in the First and the Fourth Quantiles of the

Distribution of  *E
Yi

Y(

i

Variable First Quantile Fourth Quantile

Both Summer Winter Both Summer Winter

Mean Efficiency Ratio 0.582 0.583 0.567 0.934 0.932 0.934

Points in Final Exam 42.204 40.327 43.061 77.467 72.714 81.927

Macro Voluntary 0.029 0.041 0.020 0.028 0.000 0.055

Missed Lectures 0.592 0.694 0.469 0.505 0.571 0.436

Missed Courses 0.369 0.265 0.429 0.299 0.179 0.418

Never Reviewed Lecture Notes 0.553 0.878 0.245 0.514 0.768 0.236

Never Reviewed Course Notes 0.175 0.204 0.143 0.140 0.125 0.146

Team-work 0.204 0.225 0.204 0.243 0.250 0.236

Instructors Experience 3.845 5.000 3.020 4.047 4.786 3.236

Female 0.311 0.327 0.286 0.308 0.232 0.382

Number of Exams 3.359 3.327 3.367 3.262 3.071 3.473

High School Grade 2.357 2.337 2.335 2.342 2.454 2.220

Worked During Semester 0.670 0.694 0.633 0.654 0.679 0.618

Observations 103 49 49 107 56 55

*: See formula (4) and (5) and text for a detailed explanation.
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Table 4: Estimated Learning Efficiency Ratios*

Both Semester Summer 1996 Winter 1996/97

Mean (S.D.) Mean (S.D.) Mean (S.D.)

Mean Student 0.801 (0.154) 0.801 (0.157) 0.800 (0.152)

Macro Voluntary 0.732 (0.257) 0.562 (0.299) 0.868 (0.116)

Macro Compulsory 0.802 (0.151) 0.806 (0.150) 0.799 (0.153)

Missed Lectures Yes 0.786 (0.178) 0.790 (0.176) 0.780 (0.182)

No 0.816 (0.122) 0.822 (0.108) 0.813 (0.129)

Missed Courses Yes 0.775 (0.197) 0.733 (0.245) 0.793 (0.171)

No 0.812 (0.129) 0.817 (0.123) 0.806 (0.136)

Never reviewed Lecture Notes Yes 0.790 (0.165) 0.791 (0.166) 0.784 (0.161)

No 0.812 (0.142) 0.837 (0.108) 0.805 (0.150)

Never reviewed Course Notes Yes 0.773 (0.197) 0.753 (0.228) 0.794 (0.160)

No 0.805 (0.146) 0.809 (0.140) 0.801 (0.151)

Team-work Yes 0.822 (0.119) 0.830 (0.106) 0.812 (0.133)

No 0.795 (0.162) 0.792 (0.169) 0.797 (0.157)

High School Grade 1 0.721 (0.151) 0.726 (0.184) 0.717 (0.140)

2 0.804 (0.150) 0.799 (0.154) 0.808 (0.147)

3 0.795 (0.172) 0.782 (0.215) 0.772 (0.174)

Number of Exams 1 0.826 (0.061) 0.819 (0.168) - -

2 0.824 (0.128) 0.856 (0.089) 0.791 (0.153)

3 0.804 (0.154) 0.799 (0.151) 0.811 (0.157)

Instructors Experience 1 0.823 (0.124) 0.808 (0.129) 0.847 (0.116)

3 0.780 (0.156) 0.789 (0.132) 0.778 (0.160)

5 0.806 (0.159) 0.801 (0.166) 0.817 (0.146)

Female 0.808 (0.138) 0.808 (0.125) 0.808 (0.150)

Male 0.797 (0.162) 0.798 (0.170) 0.796 (0.154)

Worked During Semester Yes 0.801 (0.154) 0.801 (0.162) 0.801 (0.146)

No 0.800 (0.155) 0.801 (0.147) 0.799 (0.163)

*: The ratios are computed as E[exp(-v)] using the estimation results in Table 2 and equations (4) and (5) in

the text. All numbers are based on group means.


