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ABSTRACT

We present our experience in transforming a software development course and a systems
software course from a traditional, lecture-based style to an active-learning format. We outline
the common changes that were made in both courses, and provide a summary of the active-
learning techniques that were successfully employed. We provide quantitative and qualitative
evidence that this transformation was a success. In both courses, student grades and overall
satisfaction with the course were increased with the transformation to active learning, despite
teaching essentially the same curriculum.

INTRODUCTION

In the last decade, research in the learning sciences has repeatedly demonstrated the
benefits of active learning, when teams of students are engaged in an ongoing process of inquiry
and design, centered on real-world problems structured as an extended project [8, 9, 13, 19, 20,
21]. These research findings apply to all content areas, but they are particularly compelling with
regard to science, math, and engineering design [5, 10, 11]. Over and over, researchers have
demonstrated that the learning environments that result in maximum retention and increased
ability to transfer learning to real-world settings are very different from the lecture-plus-problem-
set paradigm traditionally followed in engineering programs [2]. However, this traditional,
lecture-based style persists as the dominant form of instruction in computer science.

One barrier that inhibits the widespread adoption of the active-learning style in computer
science is a lack of sufficient evidence that the techniques are effective in a wide variety of
computer science courses. While there have been several papers in the literature with an
emphasis on active-learning, the majority of these describe general active-learning techniques [4,
14, 15, 16, 17, 18, 22] or are focused on CS 1 and CS 2 [1, 3, 6, 7, 12]. This focus is justified, as
those introductory courses are taught at most institutions, but there are also many common



upper-level courses that to this point have been largely ignored in the literature. Another
inhibitor to adoption of the active-learning style in more courses is the time and effort that it
takes for an instructor to transform his or her course. In this paper, we present further evidence
that active-learning can be successful in upper-level computer science courses and provide
guidelines for performing the transformation.

We present a case study of two upper-level computer science courses (one systems
software course and one software development course), taught by two different instructors, that
underwent a similar transformation from a traditional, lecture-based style to the active-learning
format. These two courses provide an interesting comparison because both are lab-based courses
in which the concepts taught are relatively straightforward and the emphasis is placed on
learning how to apply them. We present quantitative evidence that this transformation was
successful in the form of student grades, exam scores, and course assessments, as well as
qualitative data from student interviews. We also give a summary of the key techniques
employed by the instructors during the active-learning sessions to serve as a model for others
that desire to transform their own course.

THE ACTIVE-LEARNING TRANSFORMATION

The Courses Pre-Transformation

“Object-oriented Software Development Laboratory” (OOSDL) focuses on practical
aspects of designing, implementing and debugging object-oriented software. It is a required
course for all computer science majors, and serves as a technical elective for computer
engineering majors. Topics covered by this course include developing, documenting, and testing
representative applications using object-oriented frameworks and C++. Design and
implementation are central themes to enable the construction of reusable, extensible, efficient,
and maintainable software. Prior to the spring of 2009, this course was taught in a traditional,
lecture-based style, even though all of the assignments were laboratory assignments.

“Introduction to Systems Software” (ISS) examines the process whereby computer
systems manage, interpret, and execute applications. It is a required course for all computer
engineering majors and serves as a technical elective for computer science majors. This course
covers fundamental algorithms for numerical computation, memory organization and access,
storage allocation, and the sequencing and control of peripheral devices. Prior to the fall of
2008, this course was always taught in the traditional style. The scheduled contact time was
devoted to lectures, and all assignments were to be completed outside of class. These consisted
of both pencil and paper exercises as well as laboratory assignments that were hands-on with the
machines.

Implementation of Active-Learning

OOSDL and ISS underwent the transformation to the active-learning format in the fall of
2008 and the spring of 2009, respectively. The primary changes that were common to both
courses are as follows:



e Formal comprehensive in-class lectures were largely eliminated. Instead, short, informal
lecturing and reviews are now done as needed during or interspersed with the active-
learning sessions.

e The traditional lectures were recorded and made available to students online for
preparation prior to class, or for review afterward.

e In-class time is now spent mainly solving problems or working on programming
assignments in teams, and the instructors and teaching assistants make themselves
available to provide help and guidance as needed.

There are minor differences between the two courses, including how groups are formed,
how in-class work is graded, and the types of work that are assigned. These are detailed below.

The OOSDL class periods are now predominantly studio sessions, in which students
work in teams on assigned programming exercises that explore different programming issues and
C++ language features related to each course module. The professor and teaching assistants
circulate throughout the studios to answer students' questions, offer suggestions, point out issues
and nuances of the exercises on which the students are working, and otherwise serve as resources
for the students as they work through the exercises. The studios are largely graded for
participation. Students who submit a reasonably complete set of answers earn full credit.

During the ISS class periods, students are instructed to work on the currently pending
written assignment or lab assignment in small groups of their choosing. The class meets either in
the regular classroom or in a computer lab as appropriate for the task that class period. The
professor and teaching assistant circulate and make themselves available during the class period
to help out with the work the students are doing. Whatever they do not finish in class, they are
expected to finish outside of class. Assignments are typically due one week after the in-class
session that they are first presented. As a result of the above, students are being graded on the
active work they are doing in class. However, since it is not due immediately, they do have the
opportunity to improve it outside of class.

Examples of the exercises used for active-learning in both courses are available online:
http://www.cse.wustl.edu/~rsowell/ActiveLearningExercisesOOSDL.html
http://www.cse.wustl.edu/~rsowell/ActiveLearningExercisesISS.html

RESULTS

Exam and Project Scores

In both courses, the midterm and final exams given after the active-learning
transformation were based largely on the exams from the previous semester in an attempt to
measure the same things. In ISS, the same large-scale final project was assigned both semesters.
In OOSDL, the project score consisted of five or six lab assignments. One less lab assignment
was made after the active-learning transformation, but as a whole, the laboratory assignments
covered similar material during both semesters. The median, mean, and standard deviation of
these scores are provided in Table 1.

The exam scores were significantly improved with the implementation of active-learning
in all the exams, except for the OOSDL final exam. In this case the scores decreased, but this
decrease was not significant. We also observed a decrease in the variability of all exam scores



with the implementation of active-learning. We observed a similar increase in the project scores
for ISS.

Midterm Final Project
Course | Term | Style| n | Med | Avg | Dev | Med | Avg | Dev | Med | Avg | Dev
ISS S2006 | L 24| 84.8| 80.8| 10.8| 82.0| 82.4| 125| 71.0| 60.5| 25.8
F2008| A | 26| 90.0| 883| 89| 930| 91.0| 6.2| 82.0| 79.8| 175
OOSDL | F2008 | L 29| 79.0| 76.3| 16.8| 90.0| 85.6 | 11.3| 97.0| 954 | 7.6
S2009| A | 30| 86.0| 841| 87| 86.0| 83.8| 94| 940 86.9| 214
Table 1. Exam and project scores from the courses both before and after the active-learning
transformation. “L” and “A” indicate whether the course was taught in the “Lecture” or “Active-
learning” style, respectively. Exam scores increased in all cases except the OOSDL final, in
which no significant difference was observed, while the variability of the exam scores decreased

across the board. The project scores also increased with the implementation of active-learning in
ISS.

The project scores for OOSDL decreased in the spring of 2009, but this decrease was
partially influenced by the scores of one student that, for personal reasons, decided to take an
Incomplete in the course. If we ignore the lab scores (many of which were zeros) for this student
in the computation, then the mean becomes 89.19 with a standard deviation of 16.78.

Course Evaluations
Scores from the end of semester student evaluations are shown in Table 2. Among other
things, the students were asked to give a score for the following three topics:
e Overall rating of course content.
e Overall rating for teaching quality.
e Overall satisfaction with the course.

Evaluations
Course | Term | Style | content | teaching | satisfaction
ISS S2006 | L 0.81 0.85 0.80
F2008 | A 0.83 0.88 0.84
OOSDL | F2008 | L 0.77 0.83 0.74
S2009 | A 0.76 0.76 0.76

Table 2. Evaluation scores from the courses both before and after the active-learning
transformation. “L” and “A” indicate whether the course was taught in the “Lecture” or “Active-
learning” style, respectively. Overall student satisfaction with the course increased in both cases.

These scores were on a Likert scale from 1 to 7, with 1 being “poor” and 7 being
“excellent”. The questionnaire was changed in the fall of 2008, so that the scores were on a
Likert scale from 1 to 9, with 1 being “poor” and 9 being “excellent”. Therefore, we have
normalized the scores in Table 2.

For ISS, the mean evaluation scores increased in every category with the implementation
of active-learning. For OOSDL, the scores were slightly lower for course content and teaching
quality, but the overall satisfaction with the course was still higher.



One student review of OOSDL was highly negative but the others were positive, and the
reviews overall indicate that while not all students viewed the approach as positive, a significant
majority of the responding students viewed it highly so.

Student Interviews

An external evaluator conducted student focus groups, one each of students from the fall
2008 session of OOSDL and ISS. A total of 17 students participated in the focus groups. The
focus group protocol included three topics:
Topic 1: online lectures -- strength and weaknesses
Topic 2: use of classroom time -- how different
Topic 3: use of lab time -- strengths and weaknesses of working in groups

Key themes identified in the focus groups:

e Some students commented on the lack of real-time feedback from online lectures; cannot
ask questions in the course of the lecture.

e Many students found it to be advantageous that they determined when to access the
lecture material and that the lecture material was available for review. They found it to
be an impediment to efficient use of the on-line material not having an index to the
recorded lecture. If there was some specific information that they wish to go to for
review, it was just a random process of starting and stopping the lecture to find it.

e A number of students cited technical problems with accessing the online lecture material.

e Anissue frequently mentioned was the new teaching approach required more hours to
complete the coursework.

Instructor Reflections

The instructor for OOSDL reported that the students worked well in groups, and though
initial concerns were expressed by some students, overall their level of engagement with the
material appeared high and the studio discussions were active and effective. One key suggestion
made to the teams was that during a studio, the students should rotate roles so that everyone had
a chance to write code, debug code, and document answers for at least some of the exercises. An
unexpected but welcome development was that one of the students often did parallel
development of her own solution even when she was responsible for other things, just to have the
experience of solving each exercise herself.

For future offerings of the course, the instructor for ISS is considering incorporating class
work that is specifically not graded in any way other than participation. This might afford
students the opportunity to try more creative approaches to a problem without the fear of being
penalized for something that might not work.

CONCLUSION AND FUTURE WORK

We have presented our experience in transforming a software development course and a
systems software course from a traditional, lecture-based style to the active-learning format.
With this transformation, student grades and overall satisfaction with the courses were increased,



despite teaching the same curriculum. Finally, we presented a summary of the key active-
learning techniques employed by the instructors that made the transformation a success.
While the initial active-learning transformation was certainly successful, we see several
opportunities based on our evaluation for further improvement of our approach:
e The recorded lectures should be indexed and enhanced with online notes.
e Eliminate even more of the formal lecture, and replace with short, informal lecturing
when necessary during or just prior to the active-learning session.
e Effectively integrate peer review into the courses.
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