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Abstract. To evaluate the learning performance of students, a final report is usu-
ally assigned. Students are asked to form a group which includes several students
and they are assigned a specific topic to prepare a report. The way of assignment
greatly influences on the results. The purpose of this study is to present a novel
optimization approach to final report assignment which considers the preferences
of students to topics aswell as their partners. Initially, students are asked to indicate
their preferences to some specific topics and their preferred co-operative partners.
After aggregating preference data, a scoring system is used to evaluate the assign-
ment. Mathematical Programming (MP) is employed and an evolutionary method
is used to find solutions. Results from this study show that the proposed approach
presented in this study can get good solutions efficiently.

Keywords: Assignment problem · Mathematical programming · Optimization ·
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1 Introduction

One of the most popular teaching activities to evaluate the learning performance of
students on a specific subject is to assign a final report to students. Generally, the way of
final report is conducted by deciding the students into different groups, selecting their
topics, and then making an oral or written report. The final report can help teachers to
understand the students’ insights and whether they acquire adequate knowledge or not
from the class. Accordingly, the teacher can make a score for the subject. However,
an inappropriate way of assigning the final report may affect the expected learning
performance.

In the past, there were several ways to decide the groups of final reports: assigning
directly by the teacher, drawing lots, and finding partners by themselves [1]. The advan-
tage of assigning directly by teacher is its simplicity, but the disadvantage is that the
students may feel unfair or dislike their group members; drawing lots is simple and fair,
but the drawback is that students may not like their partners and lacks the willingness
to cooperate. The upside of finding partners by students themselves is that they can find
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group members who are close to each other, but it is easy to form a coterie, and someone
being a loner or feeling bad to reject people will be sacrificed. On the other hand, the
schemes for deciding topics can be generally divided into two types: deciding by drawing
lots and deciding by students themselves. The former fails to consider the willingness
of students, while the latter is unfair. In addition, both schemes fail to consider overall
satisfaction.

Given thatmany drawbacks of these above schemes to grouping and assigning topics,
we proposed a novel method based on students’ preferences to determine the topics and
groups. This method not only considers students’ choices but also is fairness. This
objective is to decide final report by most satisfying the preferences of students. First,
collecting students’ preferences to their preferred group members and topics. Second,
applying a scoring system to evaluate this method. The scheme is not complex and it is
been proven to be effective in getting good results [1–3].

The remainder of this paper is organized as follows. The final report assignment
problem is described in detail in Sect. 2. The proposed approach is presented in Sect. 3.
In Sect. 4, a reference case is set up and a number of experimental are performed. In
addition, results and some discussion are addressed. Finally, concluding remarks are
drawn in Sect. 5.

2 The Problem

Given the number of students, the number of final report topics, and the number of
students allowed in a topic, the problem to be tackled is to find an optimized assignment
aiming to best satisfy all the students’ preferences to report topics and their preferred
partners.

For easy description, an example is given below. Suppose that there are four students,
designated by S1, S2, S3, and S4, respectively. There are two report topics, which are
represented by T1 and T2, and the number of students allowed in each topic is two. The
preferences of students to topics and preferred partners are shown in Table 1 and Table
2, where a “1” stands for the first choice, “2” for the second choice, “3” for the third
choice, and the like. A scoring system is used to evaluate the solutions, where a value of
“12 = 1” is given for the first choice, “22” is given for the second choice, “32” is given
for the third choice, and so on. The objective is to find a solution with a minimal value
of the total score.

Table 1 shows the preferences of students to topics. The first choices of students S1
and S2 on the topics are T1, while the first choices of students S3 and S4 are T2. On the
other hand, the first choice of student S1 on partners is S2, the second choice is S3, and
the third choice is S4, and more, as illustrated in Table 2.

To further illustrate the problem, two solutions are shown and compared, as shown
in Table 3. In solution1, students S1 and S2 are assigned topic T1, while students S3 and
S4 are assigned topic T2; In solution 2, students S1 and S3 are assigned topic T1, while
students S2 and S4 are assigned topic T2.

From Table 1 and Table 2 we can calculate the total scores of solutions 1 and 2 (see
Table 4). Since the total scores of the solution 1 is lower than the solution 2, the solution
1 is a better solution. In this paper, we will find some optimized solutions which have
lower values of the topic and partner scores.
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Table 1. A student-topic preference matrix with four students and two topics.

T1 T2
S1 1 2
S2 1 2
S3 2 1
S4 2 1

Table 2. A student-student preference matrix with four students.

S1 S2 S3 S4
S1 1 2 3
S2 1 3 2
S3 3 1 2
S4 2 3 1

Table 3. Two possible solutions.

T1 T2 
Solution 1 S1, S2 S3, S4
Solution 2 S1, S3 S2, S4

Table 4. Solutions and their corresponding scores.

Solution 
1 

Topic 
score 

Partner 
score 

Solution 
2 

Topic 
score 

Partner 
score 

S1 1 1 S1 1 4 

S2 1 1 S2 4 4 

S3 1 4 S3 4 9 

S4 1 1 S4 1 9 

Total 4 7 Total 10 26 

To find the best solution without losing the generality, suppose that there are M
students and N final report topics in a course. Each report topic allows NT students to
form a group and to cooperate with each other to complete a report. Let S = {1, 2, …,
M} be the set of students and let T = {1, 2, …, N} be the set of final report topics in
the course. For i ∈ S and j ∈ T, we designate cij as the preference coefficient given by



216 F.-R. Hsu et al.

student i to being assigned topic j. Moreover, we define dik as the preference coefficient
given by student i to becoming partners with student k, where k �= i. If cij or dik has not
been assigned an integer value (i.e. student i has not included topic j or student k in their
list of preferences), then cij or dik is assigned a penalty value B1 or B2 (suitably large),
respectively. The mathematical formulation of the assignment problem can therefore be
expressed as

Objective Functions:

Minimize Z1 =
M∑

i=1

N∑

j=1

f (cij)xij (1)

Minimize Z2 =
M∑

i=1

N∑

j=1

Pixij (2)

where

Pi =
NT−1∑

k=1

g(dik) + g(dki)

2
i = 1, . . . ,M (3)

Subject to:

N∑

j=1

xij = 1 i = 1, . . . ,M (4)

M∑

i=1

xij = NT j = 1, . . . ,N (5)

xij =
{
1 if student i is assigned topic j,
0 otherwise

(6)

There are two objective functions. The first objective is to minimize the topic score,
as shown in Eq. (1). The second objective is to minimize the partner score, as expressed
in Eq. (2). Note that f (cij) in Eq. (1) or g(dik) in Eq. (2) can be an arbitrary function
of preference coefficient cij or dik , respectively. Usually, a square function is employed
[1–3]. Equation (4) requires that each student is exactly assigned one topic. Equation (5)
requires that each topic allows exactly NT students. The decision variable is xij, being
either 0 or 1. If student i is assigned topic j, xij = 1, as shown in Eq. (6).

3 The Proposed Approach

The problem formulated in Sect. 2 is a bi-objective combinatorial optimization problem
[4–10], which is generally difficult to solve when the number of the decision variable
becomes large. Instead of using complex algorithms to solve the bi-objective combina-
torial optimization problem, an overall fitness function is proposed and a solver based
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on evolutionary computation is used to efficiently obtain good solutions. As shown in
Eq. (7), The objective is to minimize the product of normalized total topic score and
normalized total partner score.

Overall Fitness Function:

FOverall = FT × FP

=
(∑M

i=1
∑N

j=1 f (cij)xij

NB1

)(∑M
i=1

∑N
j=1 Pixij

MB2

)
(7)

The overall fitness function expressed in Eq. (7) is a non-smooth function. Con-
sequently, an evolutionary solving method might be more adequate to be used to find
solutions. In this paper, we use the Excel Programming Solver to solve the combina-
torial optimization problem. One of the most advantages for the Excel Solver is easy
to use. However, the standard Microsoft Excel Solver has a limit of 200 decision vari-
ables for both linear and nonlinear problems. For a larger size problem, Python or other
programming language may be used to get solutions.

To ensure a good solution is obtained, the following steps are taken:

(1) First, randomly get an initial solution.
(2) Keep the solution from step (1) and restart the Evolutionary method from that

solution in a reasonable length of time. Repeat the Evolutionary method from the
solution obtained at last run several times until the solution is unchanged.

(3) Tighten the convergence criterion and restart the Evolutionary method. Repeat this
step several times until a better solution cannot be obtained.

(4) Increase the population size and restart the Evolutionary method. Repeat this step
several times until a better solution cannot be obtained.

(5) Increase the mutation rate and restart the Evolutionary method. Repeat this step
several times until a better solution cannot be obtained.

4 Results and Discussion

A reference case is set up to examine the results. At the reference case, there are 30
students (designated as S1, S2, …, S30) and 10 topics (designated as T1, T2, …, T10)
in the class. Each topic allows three students to co-operate with (NT = 3). Students are
asked to indicate five choices on topics and eight choices on their preferred possible
partners. A square function is used to evaluate the assignment results, i.e., “1” is given
for the first choice, “4” for the second choice, and “9” for the third choice, and the like.
B1 and B2 are both set to be 100.

The convergence criterion is set to be 10–4 initially. To find a better solution, the
convergence criterion is changed to 10–5 and then 10–6. The population is varied from
100 to 200, while the mutation rate is changed from 0.1 to 0.2.
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Table 5. The solution and its topic scores for the reference case.

T1 T2 T3 T4 T5 T6 T7 T8 T9 T10 
S11 S4 S1 S6 S7 S8 S25 S24 S13 S5 
S29 S30 S17 S18 S9 S12 S2 S10 S22 S14 
S16 S15 S3 S21 S20 S19 S23 S28 S26 S27 

4 1 4 1 1 1 1 1 1 1 
1 1 1 1 1 1 4 1 1 1 
1 1 1 4 1 1 1 9 1 9 

Table 6. The solution and its partner scores for the reference case.

The solution for the reference case is shown in Table 5 and Table 6. As we can
see, the result is quite good though we use an overall fitness function rather than a bi-
objective solvingmethod. All the topics assigned to students are in the list of preferences.
However, it is harder to let all the partners of students be in their preference list.

Using the method presented in Chen and Hu [11], the Pareto optimal solution can
be obtained. The Pareto solution (also called Pareto noninferior solution), where none
of the objective functions can be improved in value without degrading some of the other
objective values, is shown in Fig. 1. The “optimal” solution is marked by “1”. The Pareto
solution can offer managers extensive selections of candidate assignments, facilitating
the multi-objective decision.
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Fig. 1. The Pareto optimal solution for the reference case.

5 Conclusions

To evaluate the learning performance of students, a final report is usually assigned. Stu-
dents are generally divided into some groups with several students and they are assigned
a specific topic to present a report. The way of assignment greatly influences on the
learning performance. Education needs innovative methods to boost learning motiva-
tion and willingness of students. If we can employ methods which consider students’
preferences, positive effects are very likely to occur. In this study, a novel optimization
approach to final report assignment which considers the preferences of students to top-
ics and their partners is proposed. After aggregating preference data, a scoring system
is used to evaluate the assignment. An evolutionary method is then employed to find
solutions to the assignment optimization problem. Results from this study show that the
proposed approach is easy to implement and can obtain goods solutions efficiently.
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