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Abstract – Programming studies are used to achieve a 
variety of instructional objectives in computer science 
courses. Instead of using a programming case study as the 
lecture material, we adapt it to facilitate active learning 
activities in the classroom. While it preserves most 
programming tasks in context, our approach provides an 
opportunity for students to work out desirable solutions as 
they learn programming concepts and techniques. An 
anonymous student survey indicates that students’ 
satisfaction with their learning experience was noticeably 
enhanced. In this paper, we describe our initial experience 
with a case study-based approach to active learning. We 
also discuss issues that we have identified with this 
approach.   

Keywords – Active Learning, Programming Case 
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I. INTRODUCTION 

Many students are more inductive than deductive reasoners; 
they can learn better from specific examples than from logical 
development starting with general principles. Hence, the use 
of case studies is an effective classroom technique [2].   

Programming case studies have been used in computer 
science courses to assist instructors in achieving their 
instructional objectives through in-class lectures. Some of 
them also serve as a basis for wide-ranging exploration and in-
depth discussion on issues such as problem solving strategies 
and programming techniques. Moreover, separate assignments 
are often given as a way for students to apply what they have 
learned. However, such an approach does not always work 
effectively in engaging students with diverse backgrounds and 
varied inclinations in a programming class.     

Instead of using a programming case study as the lecture 
material, we adapt it to facilitate active learning activities in 
the classroom. While preserving most programming tasks in 
context, we create an opportunity for students to work out 
desirable solutions as they learn relevant programming 
concepts and techniques. We believe that a shift from an 
instructor-centered approach to a student-centered active 
learning approach can better engage students in learning.   

We conducted an experiment with our case study-based 
approach to active learning. An anonymous student survey 
reveals that students’ satisfaction with their learning 
experience was noticeably enhanced. Students were motivated 
due to the fact that they had to learn what they needed to use 
in order to solve a meaningful problem. Many of them felt that 
they had learned more than they would in the conventional 
way.   

This paper is organized as follows. Section 2 covers 
background and related work. Section 3 introduces our case 
study-based approach to active learning and section 4 gives an 
example of using this approach in a CS course. Section 5 
describes the results of a student survey. Section 6 discusses 
our initial experience as well as reflection on this approach. 
Finally section 7 concludes this paper. 

II. BACKGROUND AND RELATED WORK 

Bonwell and Eison define active learning as anything that 
involves students in doing things and thinking about the things 
they are doing [5]. General characteristics commonly 
associated with active learning are: students are engaged in 
more activities than just listening; more emphasis is placed on 
developing students’ skills than on transmitting information; 
students are engaged in activities such as dialog, debate, 
reading, writing, and problem-solving; students are involved 
in higher-order thinking (analysis, synthesis, evaluation) 
activities; and greater emphasis is placed on students’ own 
exploration of subject matter. 

Active learning can be incorporated into classroom using 
various activities. A spectrum of some active learning 
activities arranged by complexity and classroom time 
commitment, along with brief descriptions for each of the 
activities on the continuum, is summarized in [6]. 

Case studies can be used as an effective mechanism for 
incorporating and promoting active learning in the classroom. 
Although case studies have long been used extensively in the 
teaching of business, medicine, law, and social sciences, they 
can be used in any discipline where a chunk of realistic 
problem/story can be brought into the classroom to be worked 
over by the students and the instructor [2, 7]. Linn and Clancy 
make the case for using case studies in programming by 



comparing the use of case studies to apprenticeship learning in 
the domain of programming [10]. Their results indicate that 
case studies are effective for communicating complex, multi-
dimensional decisions necessary for designing an effective 
computer program. 

Some example areas of using case studies to enable active 
learning in computer science discipline include object-oriented 
programming and design patterns [14, 15], software 
engineering and project management [9, 12], usability 
engineering [8, 13], and operating systems [11].  

While most proposals in this regard use case studies as 
they are written to achieve a variety of instructional objectives, 
our approach is to adapt a case study so as to allow students to 
work out a solution in the original context as they learn 
programming concepts and techniques.  

III. OUR APPROACH 

A programming case study usually consists of a problem 
statement, development strategies, and one or more solutions, 
including source code and a narrative description as its 
documentation, and optionally tool support involved. Most 
case studies are either based on an actual application, or are a 
construction of a reasonable situation in which common 
design issues are identified.   

Programming case studies are widely available in the 
literature; many of them are well-written and proven to be 
successful in meeting instructional objectives, especially those 
that are included in a number of popular textbooks. While they 
are readily usable, the challenge for instructors is how to teach 
programming with a case study. 

Our approach is to adapt a programming case study to 
support student-centered active learning activities in the 
classroom. Adaptation creates a case study with a partial 
solution (including unfinished source code). Students make 
collective effort to complete the work as they learn 
programming concepts and techniques. The key elements of 
our approach are described below.   

We select a programming case study according to our 
instructional objectives and identify relevant programming 
tasks from the available solution. Our goal is to discover tasks 
that not only are meaningful in the given context, but also 
impose reasonable challenges to our students. We then remove 
statements that correspond to those tasks from the given 
source code and supplement them with program comments to 
describe the missing functionality. For example, if the 
functionality of a self-contained program unit, such as a 
method of a class in an object-oriented program, is chosen as a 
relevant task, then statements in the body of that method is 
replaced with comments about its pre and post conditions. 
Here, program comments are added to provide instructions for 
students to find what they need to do.  

Some programming tasks that we find relevant to our 
purposes are quite difficult for students to complete within the 
time frame allowable in the classroom. Even if it is possible 
for students to do those tasks in their entirety, it would divert 
too much of the valuable class time away from more important 
issues. Hence, we introduce helper methods to hide complex 

processing logic that students need to use but are not ready to 
tackle. Students use helper methods as building blocks to 
perform their tasks. Using helper methods makes our 
programming tasks practically feasible as activities in the 
classroom. 

A case study tells a story about user needs in a realistic 
situation and also describes a process to develop a program to 
meet the needs. In Agile development methods, a story is 
considered as a unit of work that the developer carries out in a 
development cycle. It is beneficial to give students a sense of 
participation as a team in such a development cycle. If they do 
not have adequate understanding about the context, students 
may lose sight of the forest for the trees. Hence, we organize 
programming activities in an “outside-in”, rather “bottom-up”, 
manner [4]. Using an “outside-in” strategy allows students to 
focus on satisfying the needs identified in the given context, 
and subsequently helps them cope with the complexity of their 
programming tasks. 

As a consequence, adaptation of a case study creates a 
partial solution to a practical problem with several 
programming tasks for students to accomplish. We believe 
that the focus should be placed not only on writing code, but 
also on the process of a team-based development cycle. It is 
crucial to have students form groups to analyze their tasks and 
work out a solution before the class discussion takes place. 
Since much of the case study remains intact, it provides a 
meaningful context for students to learn programming 
concepts as they make collective effort to complete the partial 
solution to the case study.  

IV. AN EXAMPLE 

We have conducted an experiment with the case study-
based approach discussed above in a class that was intended to 
teach object-oriented programming in Java and prepare 
students for their graduate study. Students in this class had 
diverse backgrounds and their prior knowledge about 
programming varied greatly; what they knew about 
programming was not necessarily Java and what they wanted 
to pursue as an emphasis of their graduate study was very 
different. Our experience from the past offerings of this course 
indicates that the lecture-based approach does not always work 
effectively for students in this class.  

We selected a programming case study from [1] in order to 
teach how to write a single class in an object-oriented program. 
In the original case study, the case of creating a user-defined 
class, named as Day, is built around the needs for processing 
dates in a variety of situations in which a total order on dates 
is an essential consideration (a primary reason behind the 
design decision of creating a user defined class, rather than 
using a built-in class in Java). In addition, programming 
concepts and principles, such as encapsulation, software 
quality attributes, programming by contract, and unit testing, 
are deliberated. We have developed three class exercises based 
on this case study, making it possible for students to carry out 
active learning activities in the classroom.   

Class exercise one is to explore the public interface of 
class Day. Students are asked to write code using methods of 
this class to perform required functionality, such as finding the 



number of days between two specific days and determining 
the day that is a number of days away from a given day. 
Students also need to discover different ways to accomplish 
certain objectives, including taking a direct action on a day 
object that is returned by a prior action. This class exercise 
helps students obtain adequate understanding of the 
observable behavior of a class, and also paves the way for 
them to write unit tests before writing the code as practiced by 
Test-Driven Development (unit testing is a separate but related 
topic in the class).   

Class exercises two and three are to implement class Day 
in different ways. While exercise two represents the state of a 
Day object as year, month, and day, exercise three represents 
it as a single Julian day number. Students are asked to write 
code to implement the public methods of class Day. Certain 
functionality is quite overwhelming for them, for example, 
finding the next day or the previous day for a given day in 
exercise two as well as converting between a Julian day and a 
calendar day in exercise three. Helper methods are made 
available for students to use in order to reduce the complexity 
of their programming tasks, but the processing logic of these 
helper methods is hidden from students completely. In 
addition, we have added comments to provide instructions 
about what they need to do. 

Class exercises as such comprise a partial solution in the 
original context. They serve as the basis for active learning 
activities for students. We also provided guidance for students 
to work out a complete solution in an incremental manner. In 
each development phase, students worked on one exercise in 
groups. Group discussion allowed them to learn what they 
need to know and collaboration made it possible for them to 
complete what they need to do. Then students took part in a 
follow-up class discussion to share their code, inquire into 
certain issues, and determine a desirable solution. At the end 
of each development phase, the instructor summarized what 
had been accomplished and allowed students to move on.  

V. EVALUATION SURVEY 

We have conducted an anonymous survey and analyzed 
feedback from students in the foundation-level graduate class 
described above. The class had 30 students enrolled during the 
fall semester last year and 70% of them participated in the 
survey. Typical students enrolled in this class are part-time 
working professionals and full-time (mostly international) 
students with varying backgrounds and preparedness in 
programming and computing, in general. 

Analysis of the student survey revealed that most students 
considered the learning experiences they had through the use 
of case study-based exercises as the most beneficial. 
Obviously, students were motivated to acquire new knowledge. 
Listed below are a few comments from students:  

• “I like the flipped class room approach. I thought it was 
very effective.” 

• “They were an excellent tool and contributed to my 
learning in this class.” 

• “Exercises completed in class together were stimulating. 
They accurately represented what we were learning in 
practice.” 

Students also considered that they had learned more than they 
would in the conventional way. They viewed the knowledge 
and experience they gained from active learning activities as 
being valuable. Several comments from students are given 
below: 

• “That was the best part of class where we could test 
ourselves and learn how our fellow programmers were 
thinking.” 

• “I felt that the in-class exercises really helped to have us 
all work on a program together and the instructor could 
address issues that may have come up.” 

• “Literally every time I would work on a project or on 
homework, I would consult the in-class work as a 
reference, example, and guide. I even wound up using 
them to help guide my thinking through projects for 
myself as well as other classes I am currently enrolled in.” 

Students also provided feedback and suggestions on how 
to improve the course offering next time using the case study-
based approach. They reminded us of paying attention to those 
students who were less prepared for a class like this. They also 
suggested ways of making our class exercises more effective. 
Some examples of student suggestions are listed below: 

• “Keep the in-class exercises based on class composition.” 
• “Good, but this course should probably be thought in a lab 

where students (especially those new to Java) can get 
hands on experience.” 

• “But just that the intensity could be reduced. Either less 
number of coding exercises or less intensive.” 

Clearly, students appreciated the value of using case 
study-based in-class exercises in learning object-oriented 
programming. These exercises had the students actively 
engaged in classroom, making learning an active rather than a 
passive process. There is definitely room for improvement in 
how we use the case study-based approach to effectively teach 
the subject matter to students coming from wide educational 
backgrounds and work experiences.  

VI. DISCUSSION 

Programming case studies provide a realistic situation to 
encourage just-in-time learning of new knowledge. It makes it 
less compulsory for the instructor to motivate students. As a 
consequence, the emphasis of teaching has shifted from 
preparing students for what they need to know to creating 
opportunities for them to discover what they need to learn.  

A partial solution that we created in the context of a 
programming case study is intended to support student-
centered classroom activities. Due to time constraints, students 
need clear instructions on what their responsibilities are; 
ideally, they should be able to depend entirely on the 
information present in the partial solution and do not conduct 
extra research to carry out their work. Moreover, it is helpful 
for the instructor to give a brief introduction about the case 
study under consideration before turning over the 
responsibility to students.      

When learning on the basis of a case study, students have 
to explore an unfamiliar domain and may run into unexpected 
obstacles. Our experience with this approach indicates that 



guidance from the instructor is still beneficial. In general, the 
instructor should act as a facilitator, rather than as an observer. 
When students work in groups according the instructions, the 
instructor may walk around to inspect progress each group has 
made, answer questions students raise, and intervene, if 
necessary, in case a group is unable to catch up with other 
groups. Our experience shows that readily available assistance 
from the instructor can ensure a smooth development process. 
However, it may be problematic for a large class.  

It is especially helpful for the instructor to participate in 
class discussion. Students tend to focus on the solution that 
occur to them right away, rather than thinking about 
alternative ways to accomplish the same objective or 
considering issues involved in the development process. In 
such a situation, the instructor can help them broaden their 
views and acquire knowledge that they might not realize they 
need to know. 

Styles of learning vary from student to student. Our case 
studies are programming intensive. Using such a case study in 
the classroom did not seem to benefit all students equally. For 
example, writing code in a time-constrained setting was not 
what many students have been accustomed to in school and it 
was especially tough for those students who were not well 
prepared for such a class. In group work, students helped each 
other by sharing their personal knowledge and experience, 
which makes it possible for students to move through the 
learning process together. Still there were students who were 
noticeably less active than other members in their groups. In 
order to accommodate students who need more time to figure 
out what they need to do, a solution under consideration is to 
allow students to complete an exercise over two consecutive 
class meetings with a sufficient time span in between. 

A few students wanted to make our class exercises a 
project that they could work on with an IDE (Integrated 
Development Environment). We have debated about whether 
to have students work in a laboratory environment. A 
laboratory environment makes it possible to integrate relevant 
topics, such as unit testing, into a programming case study. On 
the other hand, however, the classroom setting allows students 
to focus on concepts and solutions, rather than syntactic issues, 
which is more beneficial in their learning when time 
constraints are a primary concern.      

VII. SUMMARY 

As technologies evolve, developers in the future are more 
likely to work with systems that they cannot possibly develop 
from scratch or use diverse tools that they were not taught in 
their former education [3]. It is beneficial for students to gain 
experience with programming in a non-traditional way, 
especially using, modifying, and expanding the functionality 
of available components, either as whole or in part, to build 
useful products.  

Programming case studies provide a rich basis for the 
instructor to organize and bring to life abstract and disparate 
concepts. Most of them are amendable to serving various 
instructional objectives. Using our case study-based approach 
can help students take much more responsibility for their own 
learning. By placing students in realistic situations and asking 

them to address programming issues, case studies enable 
students to connect their knowledge with the application of 
practical skills, and therefore engaging them in their learning. 

Based on our initial experience, we believe a case study-
based approach to active learning will find its place as a way 
to help students efficiently master programming concepts as 
well as practice program design principles. We plan to 
continue our effort of incorporating this approach into our 
programming courses and refining it as we gain more 
experience with it. We also plan to investigate pedagogical 
issues that we have identified, including how to help those 
students who are less prepared to tackle the in-class exercises 
assigned to them as well as whether to perform case study-
based active learning activities in a laboratory environment.  
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