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Abstract 
 
One of the difficulties in teaching a large size class is to involve all the students in 
the learning processes. It is difficult also to measure how far the student could 
absorb the material given in the class. To assure a continuous improvement in the 
learning process, measuring the achievement only in midterm or final examination 
is not adequate. This paper concern with those two problems, i.e. how to enhance 
the student achievement and how to measure it continuously, especially in 
mathematical modeling based courses. This paper present a study on the author 
experience in managing Operations Research classes in undergraduate program of 
Industrial Engineering Department of Atma Jaya Yogyakarta University. There are 
three approaches have been applied and studied related with enhancing and 
measuring student achievement continuously. The first approach is running quizzes 
in the class regularly. The problems for these quizzes are come from the lecturer. 
The second approach is giving topic based take home assignments regularly after 
the discussion of the topic. The problems for these assignments are real case based 
problem created by the student according to the topic previously discussed in the 
class. The third approach is also giving take home assignments regularly, but the 
assignments are given before the discussion of the topic in the class, and the 
problems are come from the lecturer or the textbook. The result of the study shows 
that the most effective approach to enhance the student achievement is the second 
approach. The first approach is not quite effective because the students are only 
enforced to find the solution mathematically without trying to understand the 
characteristic of a certain mathematical model related with the real case. The third 
approach is effective only for a few students, i.e. the students having high level of 
academic capability. Learning by themselves first to do the assignments is too hard 
for the most undergraduate students of Industrial Engineering Department of 
Atma Jaya Yogyakarta University. 
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Introduction 
 

Running large size classes are still a must for education institutions in 
Indonesia, especially for the private institutions, because of many reasons. Mention 
two of these are the limited number of teachers/lecturers available and the limited 
funding. Under this restriction, however, the teachers/lecturers have to attempt to 
ensure that the class will run properly. 

In Industrial Engineering Department of Atma Jaya Yogyakarta University, 
the size of the classes conducted is 25 – 72 students/class. The lower limit is based 
on BEP calculation and the upper limit is the number of the seats in a class. Most 
of the classes are occupied by more than 60 students. 

In the other hand, there are many mathematical modeling based subjects in 
Industrial Engineering curriculum, in which the students need intensive assistance 
from the lecturer. Operations Research, System Modeling and Simulation, Network 
Analysis are some of the examples. The learning objective of those courses is giving 
the students ability to build a mathematical model for an industrial problem and 
solve the problem mathematically. 

The mathematical modeling based subject is categorized in science based 
discipline. According to the criteria mention in accreditation program for higher 
education of BAN (Badan Akreditasi Nasional, National Accreditation Board of 
Indonesia, 2001), the ideal lecturers to students ratio is 20 for science based 
discipline and the ideal maximum load for the lecturers is 12 units. If it is assumed 
that the courses taken by the students in a semester is 18 units on average, it means 
that ideally, the mathematical based courses is conducted in a small size class 
consisting no more than 30 students. It is also mentioned by the survey of Herbert 
and Hannam (2001) in Australia that usually the mathematic or physic or statistic or 
engineering disciplines are conducted in a small size class. Only 10.9% of those (7 
of 64 samples) are conducted in a large size classes. However, the real condition in 
most of the private education institution in Indonesia is still far from that ideal 
condition. It is important then to find a strategy in managing a large size class of 
mathematical based courses. One of the basic points in managing a class is to make 
sure that the student could understand the material, by giving appropriate 
treatments and by monitoring the progress. 

Unlike in pure sciences, most of the subjects in Industrial Engineering 
curriculum of Atma Jaya Yogyakarta University are combination of qualitative and 
quantitative approach. It is important for the students to not only find the solution 
of a problem by mathematical model, but also to correctly create the mathematical 
model of a case. Operations Research subjects are some of the example of these 
kinds of subject in the curriculum. Identifying the achievement of the student in the 
case of solving the problem quantitatively could easily perform by discussion and 
examination. However, identifying the modeling ability of the students could only 
be performed by regular monitoring of every student in each step of the courses. 
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Problem Statement 
 

The problem now is how to monitor the large size class of mathematical 
based courses like Operations Research subjects in Industrial Engineering 
curriculum of Atma Jaya Yogyakarta University. The size of the classes makes it 
impossible to monitor the students individually, but in the other hand the material 
and the objective of the courses requires an intensive monitoring of the students. 
 
 
Objective 
 

Based on the problem mentioned above, the objective of the study 
presented in this paper is to identify an appropriate method to enhance and 
measure the student achievement in a large size class of mathematical modeling 
based courses by evaluating three different assignment approaches have been 
applied. 
 
 
Previous Theories and Researches 
 

This part describes the previous theories and researches about student 
preferences, teaching approaches, and large size class management, which will be 
the basic for the approach proposed in this paper. 
 
1. Student Preferences 

The important aspect that should be considered in managing a class is the 
preferences of the students. Holmquist et al (2002) observed the student’s point of 
view on a course. A good course according to the students has the following 
characteristic: 
a. the course is well structured 
b. teachers know their subject 
c. the course content is seen as useful 
d. the course is neither too difficult nor too easy 

A survey of Bressler and Bressler (2007) showed that the students’ 
preference about the method or tools used in the class has correlation with the 
result or score they achieved when learning by the methods or tools. For example, a 
student who prefers using presentation than writing skill will achieve higher 
presentation score than written assignment score. 
 
2. Teaching Approaches 

Hikmat and Masykuroh (2006) found that by implementing collaborative 
learning approach, students are encouraged to discuss the material with their fiends 
in a small group, more than if they discuss the material directly with the teacher. 
This approach also improves the students’ self-exertion and capability in learning. 
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In term of assignment, Haddad (2006) provide some suggestions for 
making sure that the assignments are meaningful, both for the teacher and the 
students as follows: 
a. Select assignments that are relevant to the learning objectives and outcomes.  
b. Design assignments that actually assess whether or not the students are learning 

what are taught. 
c. Design assignments that reveal whether students can apply what they are 

learning, not just understand. 
d. Provide clear directions for all assignments. 
e. Give a variety of opportunities for students to show what they are learning. 
Many students can solve a problem, but teacher should want them to know why 
they got a particular answer, not just how. This is the true proof of learning in any 
subject (Haddad, 2006). 
 
 
3. Managing Large Size Class 

Teaching large classes are mostly a management and organizational 
problem rather than issues of pedagogy. That is why the teaching methods and 
forms of classroom organization have a big impact upon the quality of education 
provided (Smith and Warburton, 2007).  

Many researches provided suggestions to teach large size classes. One of 
them is Haddad (2006) who gave top 20 tips for teaching large classes, i.e.: 
a. Plan ahead and prepare thoroughly. 
b. Arrange the classroom under students’ suggestions and use outside the 

classroom as learning resources. 
c. Do everything possible to get to know the students. 
d. Have the students introduce themselves to everyone in an interactive manner. 
e. Move around the class when talking to engage students more actively. 
f. Be natural and personal in class and outside of it. 
g. Tell the students to feel free asking questions they might have even outside the 

class. 
h. Keep track of frequently asked questions or common mistakes. 
i. Be aware of the class, involve students and use positive discipline to deal with 

misbehavior. 
j. Give a background questionnaire or a diagnostic test to check the knowledge 

and skills of the students. 
k. Determine various methods such as group work, role-playing, or presentations, 

to stimulate learning. 
l. Develop a formal lesson plan as a way to organize the teaching. 
m. Explain to the students exactly the reason of everything conducted in teaching 

the class. 
n. Develop a visual display of the outline of the day’s topics and learning 

objectives. 
o. Use “prompts” to develop students’ question and answer skills. 
p. Give assignments that really assess whether or not the students are learning 

what are taught. 
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q. Develop a portfolio system or other ways to keep track of student 
performance. 

r. Develop exams that really make the students have truly learned and not just 
have remembered. 

s. Give prompt feedback on assignments and exams. 
t. Reflect on the teaching. Discuss with the colleagues and students how the class 

can be improved. 
 
Other strategies were presented by Colbert (2001). He suggested the 

following creative strategies to increase student engagement with course material in 
large classes: 
a. Poll students by asking them questions and collecting their responses for 

review and later use in class. 
b. Give group quizzes as breaks from lecture. 
c. Note taking pairs, allowing the students to form pairs and compare their notes 

to identify the key points. 
d. Give students the assignment of posting questions that are related to the course 

material. 
e. Involve Web based approach to choose a controversial topic and ask the 

students to form groups and discuss the topic during class. 
f. Require the students to draft a summary of their discussion and to post it on 

the web, and individual students can then earn additional points by responding 
to the summaries posted by other groups. 

 
Problem based learning (PBL) and students clustering are also believed as 

effective approaches for teaching large size classes. Ghosh (1999) found that the 
students benefit by being exposed to PBL and by being able to relate the topics 
covered in class to their personal experiences. Dividing students in small groups 
was done in order to adequately handle PBL. In Wagiman and Suryando (2005), 
problem based discussion was implemented. Students are clustered in small groups 
and the discussions are performed three times which are carried out in different 
level: small group, large group, and then panel discussion. The problem is taken 
from a real case previously observed. The result of this method shows that students 
are encouraged to present their opinion (47%), to creatively find the learning 
resources (55%), and to eagerly ask questions (90%). 

In term of students clustering, other research carried out by Hansen and 
Hansen (2007) concerned on student criteria for choosing teammates during 
teaming, i.e. importance of pre-team-formation activities, sufficiency of knowledge 
about prospective teammates to make a choice, and preferred team-formation 
methods. More than two-third (68.75%) of the students rated the speed teaming 
exercise as extremely important or important in their choice of potential teammates. 
None of the students ranked the exercise of no use. Interestingly, less than half of 
the respondents (43.75%) felt that they knew enough about their classmates at this 
point in the semester to make a selection of who they thought would be the best 
teammates. In the method of team selection, there was no mistaking how these 
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students feel. Almost two-thirds (62.5%) prefer self-selection into teams. Far more 
students had no preference (29.17%) than for professor-chosen (6.25%) teams. 

Jungic et al (2006) presented a using of workshop and help center to assist 
student in mathematics large classes. The proposed approaches are: 
a. giving various types of evaluation tools and various type of media, and 
b. preparing workshop and help center for students. 
Both approaches are dedicated give students more flexible way to learn the material. 

Using high technology approach in managing a large size class was also 
implemented and observed. Managing a large class by using a classroom response 
system namely clickers, a tool installed in several location in the class for contacting 
the lecturer and answering quizzes, was observed by Caldwell (2007). Clickers can 
be incorporated into a standard lecture course to increase interaction between 
students and instructor. 
 
The Three Approaches Evaluated 
 

There are three approaches have been applied in Operations Research 
classes in undergraduate program of Industrial Engineering Department of Atma 
Jaya Yogyakarta University in order to enhance and measure the student 
achievement. The three approaches actually are not new approaches. Those are 
however evaluated and studied in the term of the impact to the student 
achievement. Part 4.1, 4.2, and 4.3 describe the approaches one by one. 
 
 
1. Regular Quizzes (RQ) 

This approach is performed by giving the students frequent quizzes, at least 
one quiz for each session. The quiz may be given before and or after the discussion 
of the material, depends on the situation. The quiz given before the discussion is 
usually performed in the beginning of the session to enforce the student to focus 
on the topic. The quiz given after the material discussion is usually performed in the 
middle-end of the session to measure the student achievement and then followed 
by the feedback from the lecturer. The problems for these quizzes are short and 
simple problems given by the lecturer. Figure 1 describes this approach 
systematically. 
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Figure 1. Scheme of the RQ approach 
 
 
2. Regular Creative Post-discussion Take-home Assignments (RC) 

This approach is performed by giving the student a take home assignment, 
may be in group or individually, depends on the weight of the assignment. This 
assignment is given after the discussion of the material in the class. The problems 
for these assignments are created by the students and should be based on a real 
case. Students have to find an appropriate real problem related with the discussed 
topic, model the case by the theoretical model has been discussed, and solve the 
problem by the solution method has been discussed. The assignments must be 
submitted in the next week session, and at the beginning of the session, the lecturer 
briefly discusses and comments the result as a review of the last week material. 
Figure 2 illustrating the mechanism of this approach. 
 
3. Regular Basic Pre-Discussion Take-home Assignments (RB) 

Technically, this approach is similar with the second approach. The 
differences are that the assignments in this approach are given before the discussion 
of the material in the class and the problem for the assignment is given by the 
lecturer. Students have to learn and understand the material by themselves first 
before solving the given problem. The assignments then must be submitted in the 
next week session. At the beginning of the session the lecturer briefly discusses the 
solution of the problem while observing the student achievement in order to find 
the starting level to discuss the material. The systematic description of this 
approach is presented in Figure 3. 
 
 
 

Start

Lecturer gives pre-quiz in the class

Discussion of the material in the class 

Is it required to run quiz? 

End

Yes

No

Lecturer gives post-quiz in the class 
Yes

No

Lecturer gives the feedback in the class

Students solve the problem in the class

Students solve the problem in the class

Is it required to run quiz? 
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Data, Observation Result, and Discussion 
 

The classes being studied is Operations Research 2 (OR 2) classes 
conducted in Semester I of AY 2003/2004, Semester I of AY 2004/2005, Semester 
I of AY 2005/2006 in Industrial Engineering (IE) Department of Atma Jaya 
Yogyakarta University. The first and the second class were treated by the RQ 
approach, and the third class was treated by RC and RB approach. 
 

 
 

Figure 2. Scheme of the RC approach 
 

 

Start

Lecturer gives take-home assignment

Is there any question from the students?

Discussion of the material in the class

End

Yes 

No

Lecturer discusses the papers and gives the feedback in the class 

Students find a real case related with the topic, build the model for the 
problem in the case, solve the problem, and write a paper at home 

Discussion of the new material in the class

Students submit the paper in the next week class

Lecturer roughly observed the papers in the class
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Figure 3. Scheme of the RB approach 
 

Three parameters were measured in this study, i.e. percent of responses, 
achievement, and outcome. Percent of responses means the percentage of number 
of students involved in quizzes and assignments toward the total number of 
students. It represents the student interest to involve in the learning activities. 
Suppose that the score range is 0 – 100 and the score represents the percent of 
correct answer of the problem, achievement is defined as the average score 
achieved by students. It represents the knowledge internalized after the learning 
activities. Outcome is measured from the examination score as the representation 
of the comprehension capability of the students. 

Table 1 shows the lesson plan of Operations Research 2 class. It can be 
seen in this table that each model category consists of several unique models. The 
network model for example, covers the spanning tree, shortest route, maximum 
flow, minimum cost capacitated flow, and critical path models. Each of these 
models is dedicated for a specific case or problem. Without an intensive treatment, 
it is difficult for the undergraduate students to differentiate one model to another. 
 
 
  

Start

Lecturer gives take-home assignment 

End

Lecturer discusses the papers and gives the feedback in the class 

Students solve the problem at home 

Discussion of the material in the class based on the assignment result 

Students submit the written solution in the next week class 

Lecturer roughly observed the papers in the class 

Students learn the material by themselves to solve the problem given by the lecturer at home
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Table 1. The Lesson Plan for OR 2 Course of IE Department of Atma Jaya 

Yogyakarta University 
 
Week Lesson material

1 Introduction to mathematical modeling; network model (minimum spanning tree 
model) 

2 Network model (shortest route model)
3 Network model (maximum flow model; minimum cost capacitated flow model) 
4 Network model (critical path method)
5 Dynamic programming
6 Inventory model (basic deterministic EOQ model; lead time consideration in 

EOQ model) 
7 Inventory model (quantity discount EOQ model)
8 Midterm examination
9 Inventory model (buffer stock in EOQ model to anticipate demand fluctuation) 
10 Inventory model (probabilistic EOQ model)
11 Inventory model (probabilistic EOQ model)
12 Inventory model (single period EOQ model)
13 Markov model (Markov chain)
14 Markov model (Markov decision model)
15 Markov model (Markov decision model)
16 Final examination 

 
Table 2 presents the calculation of the three parameters for the first, 

second, and third class treated by RQ, RC, and/or RB approach. The average 
values of the three parameters then are presented in Table 3.  Based on the 
first parameter, percent of responses, the best approach is the RC approach, the 
second best is the RQ approach, and the worst is the RB approach. Based on the 
second parameter, achievement, the sequence of the approaches from the best to 
the worst is also the RC, the RQ, and the RB approach. The third parameter, 
outcome, could not be used to compare the RC and the RB approach because these 
approaches were run on the same class, so there is only one examination result for 
both approaches. However, compare to the first approach, both approaches give 
better outcome. 

Although the data are not yet statistically tested, comparison of the three 
proposed approach based on the three parameters shows a preliminary conclusion 
that the RC approach gives the best overall performance. In other word, that the 
RC approach is the best approach in enhancing student achievement for the 
Operations Research 2 class of IE Department of Atma Jaya Yogyakarta University. 
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Table 2. The Percent of Responses and Achievement of the Activities 

 

Class 
Total 

number 
of student 

Approach Activity Percent of 
responses Achievement Outcome

Semester I 
2003/2004 
Class A 

72 RQ Quiz 1 78 84.34  
Quiz 2 93 98.66  
Quiz 3 90 82.46  
Examination  25.68

Semester I 
2003/2004 
Class C 

29 RQ Quiz 1 79 86.09  
Quiz 2 93 92.59  
Quiz 3 90 81.73  
Examination  32.72

Semester I 
2004/2005 
Class A 

47 RQ Quiz 1 91 76.36  
Quiz 2 72 83.38  
Examination  46.35

Semester I 
2004/2005 
Class C 

42 RQ Quiz 1 90 75.32  
Quiz 2 93 80.38  
Examination  48.73

Semester I 
2005/2006 

48 RC Assignment 1 85 81.71  
Assignment 2 83 95.88  
Assignment 3 94 88.22  
Assignment 4 90 100.00  
Assignment 5 90 82.33  
Assignment 6 90 91.63  
Assignment 7 98 84.89  
Assignment 8 85 61.71  
Assignment 9 92 80.91  
Assignment 10 88 84.05  
Assignment 11 75 82.50  
Assignment 12 90 89.30  
Assignment 13 83 94.75  
Assignment 14 79 100.00  
Assignment 15 85 100.00  
Examination  44.83

RB Assignment 1 96 81.09  
Assignment 2 71 54.85  
Assignment 3 79 86.58  
Examination  44.83
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Table 3. Comparison of the Approaches 
 
Approach Average % of responses Average achievement Average outcome 

RQ 86.90 84.13 38.37 
RC 87.13 87.86 44.83 
RB 82.00 74.17 44.83 

 
A short observation on the student’s preference by interviewing several 

students also was taken. Table 4 shows the characteristic, including the weakness 
and the advantage of each approach based on the interview. The RQ approach 
tends to reduce student motivation. The RC approach is seemed hard for the 
student but it gives motivation for the students to interest to the course. The RB 
approach is too hard for the student to do, and it tends to make them to avoid 
doing the assignment. 
 

Table 4. The Students’ Perception on the Three Approaches 
 

Approach Advantage Weakness 
Regular quizzes  Not too busy at home 

 The case usually is 
simple 

Tend to be forgotten 
faster 

Regular creative 
post-discussion 
assignments 

 Understand more at the 
end 

 Working in group is fun 

Always busy and tired at 
home 

 Need more time 
 Sometimes difficult to find 

the case 
Regular basic 
pre-discussion 
assignments 

 Sometimes can 
understand more, 
especially for an easy 
topic 

Often confuse about the 
material 

 Sometimes have no idea to 
do 

 Hard to learn from many 
books 

 
 
Concluding Remark 
 

The result of the study shows that the most effective approach to enhance 
the student achievement in Operations Research 2 class of IE Department of Atma 
Jaya Yogyakarta University is the RC approach. The RQ approach is not quite 
effective because the students are only enforced to find the solution mathematically 
without trying to understand the characteristic of a certain mathematical model 
related with the real case. Most of the students were good in finding the solution 
mathematically, but they were failed to model a problem as presented in the result 
of midterm and final examination. The RB approach is effective only for a few 
students, i.e. students with high level of academic capability. Most of the student 
got nothing even in understanding the material, and the unexpected effect then 
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appeared, i.e. students tend to think that Operations Research is untouchable for 
them. Learning by themselves first to do the assignments is too hard for the most 
undergraduate students of IE Department of Atma Jaya Yogyakarta University. The 
RC approach is the most attractive treatment for the students because they had 
enough time to do the assignments and they understood the material more. They 
understood the material more than the other approaches, because in the RC 
approach the students had to create their own problem, and by doing that one, they 
had opportunity for creatively thinking about the material. 

Finally, actually there is no “best way” to teach large classes. Each teacher 
must develop the approach that works best for the class based on the teacher’s 
teaching style, the characteristics of the students, and the goals and objectives of the 
lessons and curriculum (Haddad, 2006). 
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