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Description

The Dutch Ministry of Edu-
cation, Culture, and Science1

creates annual forecasts of the
number of pupils and students
within the Dutch educational
system [1]. Within the min-
istry these forecasts form the
main reference point for other
forecasts and are widely used
for budgetary purposes.

The current mathematical model behind the forecasts relies on the Markov
assumption but can be extended so that major trends from previous years are
taken into account. To ensure stability of the results with regard to the last
prediction the model includes a constrained optimization problem that can be
stated as follows:
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(X,x̂)
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Here, X = [xijk] is a so-called education tensor for year t that contains the
number of pupils and students grouped by the educational level i they were
at in year t − 1, the educational level j they are at in year t, and their age
k in year t, x̂ = [x̂q] is a vector of control variables, [aijk] is the education
tensor for year t − 1, bq is the desired value of the control variable xq, hik is
the total number of students enrolled in a particular educational level, ωijk and
ω̂q represent the weights, and id represents an obtained diploma of educational
level i. The education tensor describes approximately 103 educational levels
and 65 age categories for each forecast year. Since many combinations of these
levels and categories are meaningless, the total number of non-zero entries is
typically below 1.5 · 105.

The solution to the above optimization problem is found in a number of
stages, all of which solve a least squares problem. Due to the sparsity and sym-
metry of the considered system the Conjugate Gradient (CG) method [2] with
diagonal preconditioning is used to find the solution of the least squares prob-
lem. Although the CG algorithm generally converges within several iterations,
occasionally a lack of convergence is observed. For instance, problems occur
when the desired values of the control variables fall below a certain threshold.

The goal of this project is to thoroughly investigate and possibly improve the
performance of the CG algorithm within the forecast methodology. The new in-
sights could significantly contribute to further development of the mathematical
model behind the forecasts. One such development is related to the integration
of international students into the predictions. Although the current model takes
into account the demographic changes, it is unable to distinguish between Dutch
and international students enrolled in higher education. Since the internation-
alization of higher education is increasing and the forecasts are used to estimate
the annual budget for colleges and universities, this shortcoming of the forecast
model has become a major issue.

Requirements

• Since the documentation related to the forecasts is only available in Dutch,
a good knowledge of Dutch language is required for this project.

• The model is implemented in C#. Therefore, the applicant should also
posses a basic understanding of compiled programming languages.

If you are interested in applying your knowledge of numerical methods to this
socially relevant research, then please send us an email.
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