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3 Comparing final exams: The end of 
Posthumus Law 

According to Posthumus Law23 from each group or class of students one quarter 
will drop out. Teachers base their judgement of the ability of students on the av
erage ability in the group. The absence of objective criteria for the ability of stu
dents leads to the removal of the same proportion of students in every group. 
Through this mechanism the weakest students in a group will be selected as in
apt for the chosen study and students can become the victim of a random distri
bution of abilities in their group or random variation over time. 
An application of Posthumus classic law is the graduation for the final exam in 
secondary education24. Traditionally, the selectivity25 of final exams is measured 
by the scores on specific subjects. Scores, and hence passing norms, are adjusted 
when average scores are too high or too low. In fact, this method assumes that 
the distribution of ability is the same for each cohort of students. 
In this chapter a method is developed to isolate differences in students abilities 
and differences in 'the selectivity of the final exam'. Adoption of this method by 
selection authorities could lead to the end of Posthumus Law. The application of 
this method is illustrated with data on the graduation of students in secondary 
education in 1982 and 1991. As these samples are quite different the empirical 
results should primarily be seen as an illustration of the method. 

3.1 An inter-temporal comparison of final exams 

For a good comparison of the selectivity of final exams the same group of stu
dents should undergo two or more exams.26 In this way we correct for the differ
ences in student populations. In reality every cohort only does one final exam. 
However, the situation of one group of students undergoing final exams of dif
ferent years can be simulated with a model for passing the final exam. 
For an individual student we assume that the probability to graduate (ƒ?) de
pends on ability and effort (A.) and a random disturbance term (e ) . The rela
tion can be specified with a linear probability model. 

Posthumus (1942). 
Graduation from secondary education depends on the average of scores in school-specific ex
ams and in the final exam. Often and also in this chapter, the expression graduation for the final 
exam is synonymous with graduation in secondary education. Thus, in this section final exam 
means final year. 
We prefer to use the term selectivity in stead of difficulty as it is not only ability that counts in 
passing the final exam. 
Assuming there are no learning effects in making a final exam. 
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Pi=f{Af)=aiAi + ep (3.1) 

As we cannot observe the true ability and effort we use indicators for them (X,.), 
like for instance previous results in secondary education. 

X | = 4 4 + 5 . (3.2) 

After rewriting and substituting (3.2) in (3.1) we get 

P, = a^X, + a^ex +ep= fix, + e, (3.3) 

The aggregate graduation rate y' in year j depends on the characteristics of the 

student population X' and a random disturbance term e . 

y'=ß'X'+£j (3.4) 

The effects ß' of the population characteristics on the graduation rate (the pa
rameters of the model) indicate the weighing of the quality of the student popu
lation by teachers or other selection authorities. This can be seen as an expression 
for the selectivity of the exam in this year. 
According to Posthumus Law the graduation rate is the same in every year 
(y' = >'')/ which translates into ß'X' = ß'X' if we assume that the error term is 
the same in both years. Differences in population characteristics leading to dif
ferences in graduation rates will now be compensated by differences in parame
ters. If for instance population j is more able than population i, we expect that 
population j would have a higher graduation rate than population i in both 
years: 

ß'X'>ß'Xi (3.5) 

andy3'X J>/?'X' (3.6) 

But through Posthumus Law the selection authorities will manipulate the selec
tivity of the final exams, which could mean that the parameter values ß will be 
compensated leading to a higher graduation rate in year i. Then we get: 

ß'X'>ß'X' (3.7) 

and also ß'X'> ß'X' (3.8) 

In other words, the final exam in year i, indicated by the parameter values ß, 
will be less selective than the final exam in year j . The selectivity will be ma
nipulated to guarantee that the graduation rates are the same in every year. We 
call this the strict version of Posthumus Law. 
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The statements that the graduation rate is the same in every year or that one 
quarter of each group drops out are obviously not true. In this chapter we don't 
interpret Posthumus Law in a literal way but as a mechanism for the selection of 
students: Evaluation is relative and the low end of the distribution is removed. 
In this weak version of Posthumus Law we expect that the manipulation of the 
selectivity of the final exams will not fully compensate for the differences in abil
ity between populations. If ßjT <ßX' than ßJ will be upgraded towards ß 
but not fully (ß'X' >ß'X'). 

We estimated a model for passing the final exam in 1982 and in 1991. The pa
rameters of both years were used for predicting the graduation rate in other stu
dent populations. In this way, we simulate the situation of a student cohort un
dergoing different final exams. 

A model f or passing the final exam 
Which students pass the final exam and which students don't? Kodde (1984) uses 
a model for passing the final exam based on general notions of the determinants 
of study success. Graduation depends on ability, motivation and effort. Ability is 
measured by class repetition and educational plans. The notion behind this last 
variable is that educational plans depend on the perceived ability by the stu
dents. The motivation of the students is measured by several variables. Students 
were asked whether the motives 'self-realisation, the subjective probability of 
finding a job, the attitude about having a job (formulated in a negative way), in
terest in the content of the study, the ambition for working in a particular occu
pation' were important for their educational decisions. Moreover, the data had 
information about the moment the student decided on the future study. Kodde 
expected that students with a higher intrinsic motivation had a higher probabil
ity of passing the final exam. Students with negative attitudes towards work 
were expected to have a lower probability of passing the final exam. In the 
model he also included variables on the type of secondary education, gender and 
region. 

The data 
For the estimation of the model we have two data sets at our disposal. First, we 
have the data set used by Kodde (1984). This data set comes from the project 
The demand for higher education' (Kodde and Ritzen, 1986). For this project 
more than 15.000 students in the final year of two types of general secondary 
education (Vwo and Havo) responded to two questionnaires in 1982. The first 
survey was held 6 months before the final exam, the second just after the final 
exam. In these surveys only a few questions were asked on the study career and 
plans for enrolment in higher education. In 1983 two more surveys were held, 
one survey for a sample of 4000 students who participated in the first survey and' 
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one survey for the parents of these students. In the analysis below we use the 
data from the first two surveys with a sample of more than 15.000 students27. 
The second data set at our disposal is the one described in Chapter 2. We use a 
sample from the so-called pre-HO-panel consisting of students in the final year 
of Havo and Vwo. 
As mentioned in the introduction of this chapter the two data sets are quite dif
ferent. They are primarily used to illustrate the method for comparing the selec
tivity of final exams. 

Estimation results 
The probability for passing the final exam is estimated with the logit model. The 
dependent variable is passing the final exam. The independent variables were 
already described. There are a few differences between the data sets of 1982 and 
1991. First, the questions on the types of secondary education and plans for fu
ture education were less detailed in 1991 than in 1982. Second, in 1982 class repe
tition has not been asked like in 1991, instead a proxy has been taken (construc
ted from age and previous certificates). Moreover, there might be some differ
ences in the interpretation or meaning of some variables due to social cultural 
changes. In 1982 plans for future education were taken as an indicator of ability 
and motivation. It is questionable whether this variable has the same meaning in 
1991. In 1982 only the best students enrolled, whereas in 1991 almost all students 
who graduate enrol in higher education. 
We estimated a model that takes account of these differences and therefore di
verges from the model estimated by Kodde. In the appendix a description is 
given of the means and standard deviations of the variables used in both years. 
Table 3/1 gives the estimation results. 

In Chapter 4 we use data from the third survey. 
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Table 3/1 Passing the final exam 1982-1991 (l=passing, 0=failing) 

1982 1991 

coefficient st. error coefficient st. error 

intercept 2.16 0.26** 1.03 1.14 

gender (male=l) 0.31 0.06** 0.41 0.29 

secondary education (ref=Vwo-B ) 

Havo -0.31 0.09** -0.81 0.47* 

Vwo-A -0.02 0.10 -0.40 0.53 

repeated class (yes= 1; no=0) -0.36 0.09 -0.42 0.27* 

# science subjects 0.01 0.02 0.13 0.13 

# languages 0.16 0.03** 0.11 0.20 

previous certificates -0.16 0.06** -0.32 0.31 

early decision on future plans (yes=l) -0.10 0.06* 2.38 0.27** 

educ. plans (ref.=no enrolment) 

full-time study 0.48 0.09** 1.37 0.52** 

part-time study 0.38 0 .15" 1.02 0.73 

no plans yet -0.13 0.13 1.99 1.00** 

region ref .=south 

north -0.17 0.10 -0.50 0.44 

east -0.03 0.09 0.35 0.43 

west -0.27 0.07** -0.57 0.35 

motives 

self-realisation 0.18 0.07** 0.32 0.28 

probability finding a job -0.03 0.09 -0.10 0.49 

attitudes towards w orking now -0.03 0.07 0.11 0.26 

interest in the contents of the study 0.30 0.13** 0.31 0.46 

interest in a specific occupation -0.42 0.11** -0.24 0.42 

log likelihood -4,470.7 -215.7 

likelihood ratio test 255.7 143.2 

degrees of freedom 19 19 

% passing the final i exam 85% 89% 

# observations 11,329 833 

" significant at 1%-level; * significant at 5%-level 

In pre university education (Vwo) students can choose two graduation routes: Vwo-A has more 
languages and humanities subjects, Vwo-B has more science subjects. 
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The estimation results for 1982 are in line with the a-priori expectations. The 
same holds for 1991. Not all coefficients are significant in 1991 presumably be
cause of the smaller sample. 
In both years boys have a higher probability of passing the final exam than girls. 
The type of secondary education matters, students from Havo have a lower 
probability of passing the final exam. Students who repeated classes have a 
higher probability of failing the final exam. The same holds for students with 
previous certificates (students who did not directly enter this type of secondary 
education). The number of science subjects doesn't have an effect on the prob
ability of passing the final exam. In 1982 students with more languages had a 
higher probability of passing the final exam, in 1991 this effect is not found. 
Educational plans are taken as an indicator for the motivation of the students. In 
both years students who intend to follow a full-time or a part-time study have a 
higher probability of passing the final exam than students who don't want to 
continue their schooling. Kodde (1984) explains this results in terms of subjective 
perceived abilities; students with plans to continue their schooling have higher 
perceived abilities and therefore a higher probability of graduating. 
In 1991 students who decided in an early stage on their future educational plans 
have a higher probability of passing the final exam, in 1982 this was not the case. 
This result might be explained by a difference between the two surveys. The 
1982-survey took place 6 months before the final exam, for the 1991-survey this 
was only 1 month before the exam. 

The regional variables show that students from the West of the Netherlands have 
a lower probability of passing the final exam. This effect is found in both years. 
Two motives have a positive significant effect on the probability of graduating: 
self-realisation and interest in the contents of the study. Students with higher 
scores on these motives have a higher probability of graduating in 1982. For 1991 
these effects are not significant. Moreover, students with a high interest in a par
ticular occupation have a higher probability of failing the final exam in 1982. 

Simulation results 
Now we can use the parameters from the 1982 model to predict the proportion 
of the 1991 population that will pass the final exam and vice versa. In fact, this 
means a decomposition of the total change in graduation between 1982 and 1991 
into a part that can be attributed to changes in the characteristics of the sample 
and a part associated with changes in the parameter estimates. Gomulka and 
Stern (1990) derive the following expression for this decomposition of an inter 
temporal change with a binary dependent variable: 

y91 - y82= (P(ß91,X91)- P(ß82,X91)) + (P(ß82,X91) - P(ßS2,X82)) 

The left-hand side is the change in the graduation rate between 1982 and 1991 
and P(ß',X') is the average across the sample X' of the graduation probabilities 
using the parameters of year i. The first term in braces on the right-hand side 
gives the effect of changes in the parameters, the second term in braces gives the 
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effect of changes in the distribution of sample characteristics. Table 3/2 gives the 
results of predicting graduation in year j given the parameters of year i (i,j = 
1982,1991). 

Table 3/2 Predicted graduation rate with row-year characteristics given col
umn year parameters 

parameters 

sample characteristics 1982 1991 

1982 

1991 

85.9 

85.1 

88.0 

89.1 

In 1982 almost 86 percent of the students in the final year of Havo and Vwo 
graduated. In 1991 the graduation rate was more than 89 percent. Applying the 
parameters of 1982 to the sample of 1991 we find a graduation rate of 85.1 per
cent. In other words, 85.1 percent of the 1991 sample would have graduated if 
they had studied in 1982. If the 1982 sample had studied in 1991 then 88 percent 
would have graduated. Hence, we find a situation as depicted by Equation (3.7) 
and (3.8): For both populations the graduation rate is higher in 1991 than in 1982. 
This indicates that the final exam in 1982 was more selective than the exam in 
1991. 

The end of Posthumus Law 
The results from Table 3/2 can be applied by a 'graduation commission' for re
pairing the effects of Posthumus Law. In case the selectivity of graduation in 
1982 is taken as the graduation norm this commission could advise to correct the 
1991 judgements downward. This method can also be used for specific subjects. 
In stead of the binomial logit model an ordered logit model could be used for 
analysing the score on specific subjects in different years. In the same way, the 
total differences can be decomposed in differences due to sample characteristics 
and differences due to the parameters (the selectivity of the subject in that year). 
Both applications depend on the predictive value of the model being used. If one 
succeeds in finding a model with strong predictive value the application of the 
method developed in this chapter breaks Posthumus Law. 
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Appendix Sample characteristics in 
1982 and in 1991 

1982 1991 

mean st. dev. mean st. dev. 

gender (male=l) 0.50 0.50 0.38 0.49 

secondary education ref=Vwo-B 

Havo (Havo=l) 0.47 0.50 0.49 0.50 

Vwo-A (Vwo-A=l) 0.26 0.44 0.27 0.45 

repeated class (yes=l) 0.40 0.49 0.35 0.47 

# science subjects 1.97 1.59 2.03 1.41 

# languages 1.85 0.94 1.90 0.80 

previous certificates (yes=l) 0.24 0.43 0.18 0.39 

early decision future plans (yes=l) 0.68 0.47 0.74 0.44 

educ. plans ref.=no enrolment 

full-time study 0.77 0.42 0.92 0.27 

part-time study 0.05 0.21 0.03 0.18 

no plans yet 0.06 0.25 0.01 0.11 

region ref.=south 

north 0.12 0.32 0.16 0.36 

east 0.20 0.40 0.24 0.43 

west 0.44 0.50 0.39 0.49 

motives (if important =1) 

self-realisation 0.68 0.47 0.73 0.45 

probability finding a job 0.73 0.44 0.94 0.24 

attitudes towards working now 0.28 0.45 0.47 0.50 

interest in the contents of the study 0.81 0.39 0.92 0.28 

interest in a specific occupation 0.75 0.43 0.85 0.35 

# passing the final exam 9,737 742 

# failing the final exam 1,592 91 


