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Interdisciplinary Undergraduate Research in the CS
Curriculum

Richard Brown
Department of Mathematics, Statistics, and Computer Science

St. Olaf College
Northfield, MN 55057
rab@stolaf.edu

Abstract

Undergraduate research, in the strict sense, means student inquiry leading to an original
contribution to a discipline. We consider the processes associated with research at three
developmental stages: guided discovery; independent investigation; and scholarly inquiry.
Interdisciplinary research offers certain advantages for undergraduates, including acces-
sible, interesting problems for students. In order to extend the benefits associated with
research to a wide range of undergraduates, we provide interdisciplinary experiences at the
three developmental stages in appropriate CS courses, spanning all academic levels in our
curriculum.

We present examples of research-related activities in courses that represent six strategies
for bringing research-related activities into the undergraduate classroom, and discuss the
costs and benefits of those activities in terms of student learning and of human, curricular,
and physical resources.
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1 Introduction

Interest in undergraduate research has blossomed nationally on college campuses on an
unprecedented scale. From announcements of tenure-track openings to professional publi-
cations for college presidents and deans, evidence abounds that project-based independent
investigations has become an expectation for a strong undergraduate education, across the
sciences, and increasingly in social sciences, arts, and humanities.

Interdisciplinary projects can provide some of the most fruitful opportunities for undergrad-
uate research. In recent years, we have pursued interdisciplinary undergraduate research
and related activities in connection with our computer science courses. These activities
have increased the presence of undergraduate research in our CS program, enriched those
courses, and developed interest in collaborative projects, within the context of a profes-
sor’s teaching load (vs. independent research projects contributed by faculty outside of the
ordinary load). We will explore our choices and discuss trade-offs inherent in bringing
undergraduate research activities into the classroom.

2 Undergraduate research as a process

What should qualify as undergraduate research? The Council for Undergraduate Research
(CUR) defines the term as “An inquiry or investigation conducted by an undergraduate
student that makes an original intellectual or creative contribution to the discipline” [6].
Everyone agrees that independent work leading to publication in a professional journal
would qualify. But not every student can achieve this high standard, at least, not in ev-
ery discipline. Can something in the direction of undergraduate research but less than
professional-level publication nevertheless be worthwhile for students?

CUR identifies the following benefits of undergraduate research [6].

• Enhances student learning through mentoring relationships with faculty.

• Increases retention in the science, technology, engineering and mathematics (STEM)
pipeline.

• Increases enrollment in graduate education and provides effective career preparation.

• Develops critical thinking, creativity, problem solving and intellectual independence.

• Develops an understanding of research methodology.

• Promotes an innovation-oriented culture.
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However, it should be the correct and intended answer often enough so as to be 

unpredictable. 

   

Process Knowledge 
 

Computer science classes often require students to understand a series of steps for 

completing a task, such as converting a decimal number to binary, or writing program 

code to create a specific type of loop to complete a task.  Usually, these processes are too 

complex to be reinforced or synthesized with a single clicker question.  An alternative is 

to use a clicker question to reinforce a single step within the process.  Figure 3(a) 

illustrates this approach:  in this case, the process involves representing a floating point 

number using the binary numbering system, and the question reinforces the concept of 

normalizing a number using exponential notation. 

 

What is the normalized 
representation of .00010012?:

a. 1.001 * 24

b. .1001 * 2-3

c. .1001 * 23

d. 1.001 * 2-4

e. None of the above

Figure 3:  Example process knowledge questions

What is the output of the 
following code?

a. 0 0 0 1 1 0 1 1 
b. 0 0 1 1
c. 0 0 1 1 0 1 1
d. None of the above

for (int i = 0; i < 2; i++ ){

for (int j = 0; j < 2; j++) {

System.out.print(i + " " + j + " ");

}

}

(a) Reinforcing a single step of a process (b) Prediction question

 

Another approach for reinforcing process knowledge is to use prediction questions such 

as the one shown in Figure 3(b).  These questions are very effective for helping students 

understand programming concepts and program execution, and computer science students 

seem to enjoy their challenge.  The question management cycle approach described in the 

previous section again applies:  if the incorrect answers number 25% or less, ask a 

volunteer to describe the process that to their answer.  If the incorrect answers approach 

50%, ask students to describe their process to their neighbors and then re-vote. 

 

Figure 3(c) illustrates how to use clickers to monitor student progress for performing all 

of the steps in a complex process.  The instructor can monitor how many students have 

completed the process and judge when to discuss the solution.  If the process solution is 

taking an undue amount of time, the instructor can modify the instructions and tell the 

students to signal when they have completed a portion of the problem, and then discuss 

the part of the solution that is causing the difficulty. 

 

Metacognitive Knowledge 

 
Metacognitive knowledge involves applying content and process knowledge to identify 

alternative solutions to problems with multiple competing solutions.  It encompasses the 

analysis, synthesis, and evaluation components in Bloom’s hierarchy.  At first glance, it 
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might seem that multiple choice questions are not compatible with these higher 

knowledge levels.  However, it is possible to use clicker questions to spur discussions and 

higher-level thinking.  Figure 4 shows three different approaches. 
 

Figure 4:  Examples of metacognitive knowledge questions

Why do I need to know the SQL 
CREATE and DROP commands 
when I can use the GUI in Oracle 
Developer to do these tasks?
a.
b.
c.
d.
e. None of the above

(b) Open-answered question

What kind of number encoding 
approach do you think Oracle 
uses for the NUMBER data type?

a. Floating point
b. Signed integer
c. Unsigned integer
d. Either a or c, depending on the  value
e. None of the above

(a) Question to stimulate discussion

 
The question in Figure 4(a) occurs after defining the Oracle NUMBER data type, and 

requires students to connect how an Oracle database defines different types of numbers 

with previous knowledge on how computers encode number data in general.  Students 

will first vote, and then will be asked to defend their choices.  The question in 4(b) 

requires students to generate alternative, multiple defensible responses to a question.  The 

instructor adds the alternatives on the fly, allows the students to vote, and then leads a 

class discussion on the results. 

 

Rewards, Drawbacks, and Best Practices 

 
Studies on clicker use in science courses (e.g., (2), (13), (15)) suggest that students 

respond in a generally positive manner to clicker use in terms in making them feel more 

involved and engaged in a course.  Clickers also tend to motivate students to come to 

class when attendance or answers contributed to their course grades.   
 

Few (if any) studies have evaluated clicker effectiveness in computer science courses.  

Figure 5 shows survey results of clicker attitudes from approximately 40 students in a CS 

1 course during the Fall 2007 semester.  (Complete survey questions are shown in the 

appendix of this paper.) 
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Figure 5:  Survey data results 

 
These results are similar to the ones seen in published studies in terms of clickers aiding 

student attention and understanding.  Students were least enthusiastic concerning whether 

the cost of the clickers was worth their benefit.  (At our bookstore, students purchase 

clickers for approximately $35, and can resell them for $20 at the end of the semester.  I 

also advise students that they can purchase their clickers on EBay for a reduced amount.)  

Overall, clickers seem to be an effective educational tool in the college classroom, and 

this includes the computer science classroom as well. 

0 5 10 15 20 25

I liked using the clickers in this course

The clickers were fun to use

I would like to use the clickers in more of 
my courses

Using the clickers helped me to better 
understand concepts in the course

The clickers helped me to pay attention 
during lecture

The clickers were used too much in this 
course

Using the clickers takes too much time 
away from the lecture presentation

It was easy to remember to bring the 
clicker to class

I feel the cost of the clickers was worth it

Receiving credit just for answering made 
me more likely to participate  

If I received additional credit for the 
right answer, it would make me try …

Discussions with other students during 
the clicker questions were helpful in …

I do not feel that the clickers were an 
effective educational tool

Using the clickers were more trouble 
than they were worth

Strongly Disagree

Disagree

Neutral

Agree

Strongly Agree
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As a result of a literature survey, personal experiences, and conversations with other 

instructors who are using clickers in the classroom, here is a list of recommendations to 

help make your transition to clickers successful: 

 

1. Connect with other instructors at your institution who are using or are interested 

in using clickers, and agree upon a single vendor.  This way, students can 

purchase a single clicker and use it in multiple classes. 

2. Select a clicker type that minimizes the cost to the student. 

3. Use the clickers regularly in every class.  A common complaint among students is 

that they were forced to purchase the clicker and then used it sporadically or not 

at all during the semester. 

4. Provide “loaner” clickers to lend to students who invariably forget to bring their 

clickers to class.  Students complain if they don’t get credit for coming to class 

just because they forgot their clicker. 

5. Use a variety of question types and question cycle techniques.  Using the clickers 

for the same types of questions and in the same way becomes boring. 

6. Avoid placing a lot of emphasis (more than 5%) on grades for getting the correct 

answer.  This adds to student anxiety, especially among students who take longer 

to grasp new concepts. 
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Appendix – Student Response System Clicker Attitude Survey  

 
(a) Strongly Agree   (b) Agree   (c) Neutral   (d) Disagree   (e) Strongly Disagree 

 

1.  I liked using the clickers in this course. 

2.  The clickers were fun to use. 

3.  I would like to use the clickers in more of my courses. 

4.  Using the clickers helped me to better understand concepts in the course. 

5.  The clickers helped me to pay attention during lecture. 

6.  The clickers were used too much in this course. 

7.  Using the clickers takes too much time away from the lecture presentation. 

8.  It was easy to remember to bring the clicker to class. 

9.   I feel the cost of the clickers was worth it. 

10.  Receiving credit just for answering made me more likely to participate   

in using the clickers. 

11.  If I received additional credit for the right answer, it would make me try  

harder to get the right answer. 

12.  Discussions with other students during the clicker questions were  

helpful in understanding the concepts in this course.  

13.  I do not feel that the clickers were an effective educational tool. 

14.  Using the clickers were more trouble than they were worth. 
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