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Abstract. Allocation algorithms based on rankings are utilized in various situations,
such as selecting appropriate tasks for workers, scheduling doctors’ appointments, or
assigning children to schools. A modified version of the standard Gale-Shapley algorithm
is introduced and employed in Poland’s secondary school recruitment process. This
algorithm relies on students’ school results and their priority lists. During the recruitment
process, students are assigned to a school on the basis of their performance and preference
list. However, this approach disadvantages weaker students, as they are only considered
towards the end of the process. Consequently, they are often assigned to schools with
a lower priority on their lists or, in some cases, remain unassigned. The proposed
modification aims to improve opportunities for students to plan their educational future
more fairly, considering their individual achievements.

Keywords: Allocation algorithm, Recruitment process, optimization, Gale-Shapley al-
gorithm, Recruitment simulation
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1 Introduction

1.1 Recruitment algorithms

The history of the recruitment algorithms is very long. Initially, it relied on selection algo-
rithms, a well-known problem in computer science [11]. Suppose that there is a given data
with assigned numerical values to each object, then identifying the top k elements can be
easily achieved through sorting algorithms.

This problem finds applications in various domains, including hiring [6], [7], crowdsensing
networks [8], [9] and even matchmaking for marriages [10].

Since the recruitment is typically conducted by algorithms rather than humans, one might
assume that they would be more objective. However, this assumption has been proven false,
and numerous authors have addressed this issue in their research [3], [4], [5].

1.2 School recruitment process

One application of recruitment algorithms is the admission of new students to schools, where
schools typically aim to attract the most promising candidates.

In Poland during the 1990s [1] the recruitment process for secondary schools was school-
dependent. Each school defined its own recruitment rules. This system has two major draw-
backs. Firstly, the process lacked synchronization, allowing the same student to be admitted
to multiple schools. As a result, if a student withdrew their acceptance, the entire recruitment
process had to be repeated in that school. Secondly, the rules varied across schools, with some
requiring exams while others conducted only interviews. Despite these inconsistencies, the
system was relatively easy to implement at the school level, often involving manual sorting of
student applications and subsequent announcement of assigned lists.

In present-day Poland, the recruitment process has been synchronized within administra-
tive areas such as cities, with standardized rules across all schools [2]. These rules now depend
on the students’ results. To achieve an optimal outcome, the Gale-Shapley algorithm [10] is
employed in the recruitment process. The algorithm used in Poland has also been analyzed
by [12] and [13]. The theoretical explanations of the official algorithm can be found in these
works.

In Poland, teenagers typically complete primary school around the age of 14. In their
final year (8th grade), they are required to take external exams in Polish, Mathematics, and
a foreign language. The exam results, along with their grades from the primary school and
additional achievements, are converted into a points system ranging from 0 to 200 [2]. Preferred
secondary schools are chosen based on calculated points. The point calculation depends on
the class they have chosen, so the final score can vary for each student across different classes.
This is the first drawback of the recruitment process: after selecting a school, calculating the
points, and comparing them with historical data, the process must be repeated for each class.
Furthermore, students must prepare a priority list of schools before even taking the external
exams, requiring them to predict their own results. This fair but complex system poses a
challenge for young people to comprehend. This issue is particularly evident among weaker
students who prioritize higher-ranking schools on their list but ultimately fail to get anywhere.
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1.3 Points in the recruitment system

The recruitment process outcome is determined by two factors: school results (100 points)
and external exam results (100 points).

The results from the external exams are provided in percentages, denoted by r, which are
then converted to points using the following formulas:

— Mathematics and Polish: - 0.35 * r,
— A foreign language - 0.3 = r.

Each secondary school class creates a list of four subjects that are considered in the
process. Two of these subjects are always Mathematics and Polish, while the remaining two
can be chosen freely from all subjects taught at the school. It can be a single subject like
Geography or a combination of several subjects like Biology/Geography/History. The grades
(ranging from 2 to 6) obtained in each of these four subjects are converted into points. If
there is a combination of subjects instead of a single subject, the algorithm selects the highest
grade. The conversion of grades to points is as follows: 6 — 18 points, 5 — 17 points, 4 —
14 points, 3 — 8 points, and 2 — 2 points.

Furthermore, students can earn additional points: 7 points for achieving a certificate with
distinction (if the average grade is 4.75 or higher), 3 points for volunteering, and 18 points for
additional achievements such as competition participation.

To facilitate the school selection process, schools share historical recruitment data with
students. For each class, information regarding the minimum, maximum, and average number
of points obtained by students assigned to that class in the previous year is provided. This data
enables the creation of a school ranking, aiding students in their decision-making process.

1.4 Recruitment algorithm

The recruitment algorithm used in the admission process is presented in Algorithm 1. The
algorithm considers students one by one and attempts to assign each student to their top-
preferred class. If the class has available places, the student is assigned to it. If the class is full,
a comparison is made between the student’s results and the results of the last student already
assigned to that class. If the student’s results are worse, the algorithm moves on to the next
class in the preference list. If the student’s results are better, he/she is assigned to the class,
and the previously assigned student is returned to the pool of students to be considered. Each
class is evaluated separately, as they have their own subject lists. In case of a tie, additional
rules are considered, such as a student’s disability or being from a large family.

Sorting the list of students by their results enhances the effectiveness of the algorithm.
This change helps minimize the need for reassignment (returning the last student to the list of
students to be considered).

During the recruitment process, the maximum size of the preferred list must be specified.
In Lodz, for example, in 2021 and previous years, students were limited to choose three classes.
However, starting from 2022, this limitation was removed, and students are now allowed to
choose any number of classes.
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Algorithm 1 Standard recruitment algorithm
Require: List of all classes c/asses with the 4 subjects
Require: List of all students students with their preference list (of classes)
Ensure: all students are assigned to one of the classes or are in the unassigned set
1: while students is not empty do
2: student is a first element of students

3 for class in student.pre feredList do
4 if class is not full then
5 assign student to class
6: remove student from students
7 else
8 last is the student already assigned to c/ass with the lowest number of points (calculated
for class)
9: if student has more points than /ast (in case of a tie choose the winner using additional
rules) then
10: assign student to class
11: remove student from students
12: add last to students
13: end if
14: end if
15: end for
16: if student is not assigned to any class then
17: add student to unassigned
18: remove student form students
19: end if

20: end while

2 The modification of the recruitment algorithm

2.1 Motivation

This section presents a modification of the recruitment algorithm aimed to address some of
the limitations observed in the current system. By adding an additional rerecruitment process,
the proposed modification provides more balanced opportunities for students, especially those
with lower scores, to secure placements in schools that align better with their preferences.
The following subsections detail the motivation behind the modification and the adjustments
made to the algorithm’s structure.

While a good student should have no difficulty in getting into their chosen school, it
becomes challenging to predict where a student with lower results is assigned. Such students
often end up unassigned (if they selected top schools) or assigned to weaker schools (chosen
as a last place in their priority list). Consequently, after the recruitment process, the high-
performing students are content with their outcomes, while the rest may be dissatisfied.

Following the initial recruitment, a standard rerecruitment process takes place. Each school
has a list of available places and can recruit students to fill those vacancies. Occasionally,
even in prestigious schools, students may withdraw, creating an opportunity for the school to
admit another person. The specifics of this rerecruitment process vary among schools, but it
typically follows a FIFO rule.
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In this article, an additional recruitment phase is introduced. It should take place immedi-
ately after the initial recruitment and prior to schools initiating their rerecruitment processes.
This supplementary recruitment process is primarily based on the extended subject offerings
in secondary schools.

2.2 Teaching in the secondary school in Poland

In Poland, upon completing secondary school, every student is required to take the matura
exam. This exam comprises three mandatory subjects at the basic level: Polish, Mathematics,
and a foreign language. Additionally, each student must choose from one to six subjects at the
extended level, with the choice typically based on their intended future education.

In secondary school classes, most subjects are taught at the basic level, except for a few that
are taught at the extended level. This distinction is evident even in the first year of secondary
school. For example, a basic-level Biology class may have one lesson per week, whereas an
extended-level Biology class could have three lessons per week (though the specific hours
may vary depending on the school). Consequently, when students create their preference lists
for class selection, they also consider which subjects are offered at the extended level.

2.3 The algorithm

In this approach, each student, while creating their preference list, also selects two subjects
they wish to study at the extended level. See the Algorithm 2. If information about previous

Algorithm 2 Rerecruitment algorithm

Require: List of all classes classes (not full) with information about extended subjects

Require: List of all unassigned students students with 2 chosen subjects

Ensure: all students are assigned to one of the classes or are in the set of unassigned unassigned
1: sort students by their results
2: while students is not empty do
3: student is a first element of students

4: for class in classes do
5: if class is not full then
6: if class has at least 1 subject chosen by the student then
7: assign student to class
8: remove student from students
9: end if
10: end if
11: end for
12: if student is not assigned to any class then
13: add student to unassigned
14: remove student form students
15: end if

16: end while

year results is available, all classes can be further sorted in a manner that places higher-ranked
schools at the top. This enables the commencement of the rerecruitment process with better
students and better schools.
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3 Empirical result

The performance of the algorithm is evaluated using a Monte Carlo simulation approach,
employing two sets of data: random data and real data obtained from the Lodz City Hall
(Urzad Miasta Lodzi) from 2022.

For the random data, a Monte Carlo simulation is conducted by generating 1000 students,
25 schools, and 2 classes per school, with each class limited to 20 students. Student results
are assigned randomly with equal probability.

For the real data, information was obtained from the Lodz City Hall, covering 6876
students, 56 schools, and a total of 290 classes with varying class limits of 15, 20, and 30
students. Given the capacity, there were enough places to accommodate all students. Further,
the average number of points obtained by accepted students in 2021 is assigned to each school.
This allows a Monte Carlo analysis of algorithm performance under real-world conditions.

3.1 Monte Carlo Simulation 1: Impact of Preference List Size

The objective of this Monte Carlo simulation is to examine how the size of the preference
list affects the recruitment process. Monte Carlo methods are used to conduct multiple trials,
adding variability and robustness to the results by randomizing aspects of the recruitment
process. Specifically, the size of the preference list is varied from 1 to 10 across multiple
iterations. Additionally, one simulation is performed without any limits on the preference list,
with the size randomly determined for each student. The percentage of unassigned students is
then analyzed. Each simulation is repeated 10 times for the random data set.

For the real data, the simulation was repeated twice. In the first run, classes are randomly
assigned from the entire list for each student. In the second run, classes were assigned based
only on schools whose average points are within 30 points of the student’s result, mimicking
a real-world scenario where high-performing students avoid weaker schools. This scenario is
called "real data with modification".

The results are presented in Table 1. Based on the simulations, the following conclusions

Table 1. The percentage of unassigned students. The size is the size of the preference list. Real data
refers to the situation that classes are random. In real data with modification the classes are assigned
based on results.

size all datajrandom data|real data|real data with modification
1 13% |3% 10% 21%
2 9% 1% 7% 19%
3 7% 1% 6% 19%
4 7% 1% 6% 19%
5 7% 1% 6% 18%
6 7% 0% 6% 19%
7 7% 0% 6% 19%
8 6% 0% 6% 18%
9 6% 0% 6% 18%
10 6% 0% 6% 18%
no limit|6% 0% 6% 18%
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can be drawn:

— A preference list size of 3 classes appears optimal. Increasing the list size or removing
limits has minimal effect on outcomes.

— Randomized simulations without context lack credibility and may not represent real-world
dynamics accurately.

— Limiting students’ class choices (real data with modification) can produce significantly
different outcomes than a simulation, where classes are chosen randomly. Without this
additional rule it may happen that some very good students may end up in schools with
weaker reputations. The simulation with this modification is much more credible.

For the subsequent simulation, only the case where the number of classes in the preference
list is limited to 3 is considered.

3.2 Monte Carlo Simulation 2: Effectiveness of Modified Recruitment Process with
Rerecruitment

In this simulation, the effectiveness of the modified recruitment process with the inclusion
of rerecruitment is examined. The percentage of unassigned students with and without rere-
cruitment is compared. The simulation is conducted 10 times, and the results are presented
in Table 2 The results indicate that rerecruitment assists with allocating the students. When

Table 2. The percentage of unassigned students with and without rerecruitment.

data without rerecruitment|with rerecruitment
random data 0.85% 0.61%

real data 1.06% 0.36%

real data with modification|19.6% 17.92%

considering real data with modification, where students are assigned to classes based on their
results, approximately 18% of students remain unassigned. However, with the rerecruitment
process, around 2% of students (115 people) are additionally able to secure their preferred
schools.

4 Conclusion

In this study, the recruitment process for secondary schools in Poland is analyzed. The
existing recruitment algorithm is highly objective, as it relies solely on students’ result,
minimizing subjective factors in the allocation process. The algorithm performs well with
random data and even when schools/classes are randomly chosen. However, in real-world
scenarios where students choose their classes based on their results, approximately 19%
of students are left unassigned. Although the presented rerecruitment process improves the
outcome by approximately 2 percentage points, this adjustment alone is not sufficient to ensure
that all students are assigned to their preferred schools.

The main challenge lies in the limited number of places available in schools. Even if the
total number of places exceeds the number of students, students tend to choose better schools,
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resulting in many classes in weaker schools remaining unfilled due to low enrollment. This
situation may change in the future with a decrease in the number of students, as Poland is
currently experiencing a low birth rate.

Additionally, the circumstances presented in this study are also unique, as the recruitment
process in 2022 and 2023 in Poland includes children born not only within a single year but
within one and a half years. As a result, there is approximately 1.5 times more students than
usual, while the number of students that can be admitted to schools is limited by schools’
size. However, analyzing the problem using such data, where there are 7570 places available
in schools for 6876 students (1.1 times more), provides a better understanding of the issue
compared to scenarios where there are twice as many places as students.

In the future, enhancements to the recruitment algorithm could include advanced tech-
niques, such as neural networks or machine learning models, which could further optimize
the process. Such methods may help in identifying patterns or preferences that could improve
fairness and efficiency, potentially offering students even better chances of admission to their
preferred schools while maintaining the objectivity and transparency of the current system.
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