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Abstract 

 
Instructor-centered learning, that is, a learning environment in which the majority of interactions 

are instructor-student, is not a scalable model of teaching.  Instructor-centered learning appears to break 
down when class size exceeds 20-30 students.  On the other hand, peer learning, that is, a learning 
environment in which the majority of interactions are student-student, is a model of teaching that scales 
easily to class sizes of 50 or more students.  No longer is the instructor the focus of most learning, but 
students interact and learn from each other as one student in each group of two or three students takes on 
the role of “instructor” for their peers.  Beginning in the spring 2004 semester, the concept peer learning, 
or cooperative learning, has been applied to a freshman programming course in the Electrical and 
Computer Engineering Department at New Mexico State University.  In this paper, we discuss some of 
the changes we made to create a peer learning environment.  These changes included having students 
work examples in small groups in class and requiring students to assess each other’s work in lab. The 
expected benefits of peer learning for students are improved learning and retention.  In addition, students 
may develop leadership and teamwork skills, experience a “fun” classroom learning environment, and 
develop relationships with other students that often extend beyond the classroom.  Responses to open-
ended questions on student evaluations show a quantitative improvement in student relationships, a 
qualitative improvement in the classroom environment, and an insignificant increase in the passing rates 
for students who experienced peer learning, as compared to those students who did not.  Future offerings 
of the course will see more aspects of peer learning adopted in both the classroom and laboratory.  
 

1. Introduction 
 

Peer learning takes on other possible names in the literature: small-group learning [1] or cooperative 
learning [2].  According to Johnson and Johnson [2], there are five essential components to a successful 
cooperative learning experience: 

 
• Positive interdependence, that is, one person’s success depends on the group’s success. 
• Encouraging interaction, that is, students support one another, preferably face-to-face. 
• Group and individual accountability, that is, an individual’s grade depends on their own 

performance and that of the group. 
• Small group interpersonal skills, that is, students are taught social skills that promote cooperation 

within their group. 
• Reflecting on the group, that is, time is taken to reflect on the success or failure of how the group 

functions. 
 
According to [3], the benefits of cooperative learning are: 

1. higher achievement 
2. more positive relationships among students, and 
3. healthier psychological adjustment 

 
Some alternatives to cooperative learning are competitive learning and individualistic learning [2].  In 

competitive learning, the grading is based on the mean, or average.  Thus, if one student performs better, 
the class average increases.  The result of this increase is that everyone else in the class receives a lower 



grade.  In an individualistic learning environment, students do not work together on any group 
assignments.  Thus, a particular student’s success or failure has no effect on anyone else’s in the class.   

 
 

2. A Freshman Programming Course without Peer Learning 
 

Prior to Spring 2004, the freshman programming class, Computer-Aided Problem Solving, at 
New Mexico State University contained a mixture of lecture and problem-based learning.  However, the 
problem-based learning was centered on the instructor, rather than on the students. 
 
2.1 Classroom Instruction without Peer Learning 
 

In class, the instructor lectured for approximately ten minutes and then called on students to help 
solve a sample problem over the material that was just discussed.  Students sat in the lecture-style 
classroom according to a seating chart.  The instructor called on each student, in order, asking them to 
contribute something, however small, to the solution of the problem.  As such, the vast majority of 
interactions in the classroom were instructor-student. 
 There are several benefits to problem-based learning that is instructor-centered.  First of all, the 
instructor gets to know each student individually, although it may take several weeks if the class is larger 
than 20-30 students.  Secondly, class participation is balanced.  Thus, minority and/or female students 
have approximately the same number of interactions as majority and/or male students in the class. 
 However, several drawbacks also exist.  The pace of finding a solution to the sample problem can 
be slow if every student is given a reasonable amount of time to think through the problem before they 
respond.  In addition, if a student has doubts or questions, they may take especially long to respond.  
Moreover, students tend to feel intimidated when forced to contribute to lecture.  What happens if their 
answer is incorrect, or, worse, completely wrong?  Despite attempts to assure students that the instructor 
wasn’t recording their responses and would forget them immediately, a significant percentage of students 
nevertheless felt great fear when they were called on.  
 
2.2 Laboratory Instruction without Peer Learning 
 

During the fall 2003 semester, the laboratory session that accompanied the lecture could have 
been described as an individualistic problem-based learning experience.  Every student sat at their own 
computer terminal.  Students worked on two or three computer programs independently during a two-and-
a-half hour lab session.  There was one graduate teaching assistant available to help as many as eighteen 
students in the lab at a time. 
 To be sure, such a learning experience emphasizes individual accountability.  Every student wrote 
two or three complete programs in order to receive full credit for the lab.  Working these problems on 
their own in lab prepared students for writing similar programs in homework.  Another feature of this 
learning experience is that students learn from an expert programmer, the graduate teaching assistant.  In 
this way, bad programming style and poor documentation techniques do not propagate from one student 
to another student.  A third feature is that students work at their own pace.  In a freshman programming 
class, some students come with extensive computer experience, whereas others come with none.  Students 
with more experience generally complete the assignments more quickly and leave lab early. 

On the other hand, some of the students with little or no computer experience may feel lost and/or 
isolated during lab.  This isolation is particularly noticeable in a freshman course, where many of the 
students are new to the Electrical and Computer Engineering Department.  Also, when a student needs 
help, they must call on, and sometimes wait for, the teaching assistant, who might be busy assisting other 
students in lab. 
 
2.3 An Argument for Peer Learning 



 
One final observation, which applies both to the classroom and to the laboratory prior to spring 

2004, naturally points toward the concept of peer learning.  In an environment that utilizes primarily 
instructor-centered learning, there is only one instructor.  It seems that learning might be far more 
efficient if students were encouraged to instruct each other, in addition to the instructor or teaching 
assistant.  As such, those students who easily grasp a certain concept would be able to convey this 
knowledge to one or two other students in a small group.  Keep in mind that learning has more 
dimensions than listening to lecture and practicing through solving sample problems.  Students are also 
learning as they explain things to each other.  In brief, peer learning dramatically increases the number of 
people who take the role of instructor, from one to many, and adds a new dimension to the traditional 
learning environment. 
   

3. The Application of Peer Learning in the Course 
 

In [4], instructors are encouraged to gradually introduce components of cooperative learning into 
a course, say over a period of two to four semesters.  Instructors gain experience as they apply peer 
learning techniques and can train teaching assistants in these concepts, as well.  
 In the Spring of 2004, we began to apply some components of peer learning in the laboratory and 
classroom.  However, we did not incorporate all five components of a truly cooperative learning 
experience.  In particular: 
 

• Positive interdependence – weakly applied 
• Encouraging interaction – strongly applied 
• Group and individual accountability – weakly applied 
• Small group interpersonal skills – no application 
• Reflecting on the group – no application 

 
In lab, students were required to work in small groups of two or three students.  However, 

students were able to choose who to work with, and they could change partners as frequently or as seldom 
as they wanted.  In class, students were required to work example problems in groups of two or three.  
Again, students could choose who to work with – generally they chose students sitting right around them 
– and the groups could change from one class to the next.  These small groups would be classified as 
informal.  Note that there was no training in small group interpersonal skills.  Also note that no time was 
devoted to reflecting on the small group experience. 
 
3.1 Classroom Instruction with Peer Learning 
 
 The major change in the classroom was the application of problem-based peer learning.  As 
before, the instructor would lecture on a topic for approximately 10 minutes.  The instructor would then 
write a sample problem on the board and ask the students to work in small groups of two or three students 
to solve the problem.  The instructor, then, was free to move from group to group, or to answer questions 
a small group might have.  We see, then, that the majority of interactions in class changed from 
instructor-student to student-student. 
 One major adjustment the instructor must be willing to make is to give up control of the class.  
Indeed, while the students are working on a problem and interacting in their small groups, the class is 
often noisy and appears to be out of control.  After an appropriate length of time, the instructor must take 
back control of the class and move on to the next problem or topic.  Peer learning is a method of 
instruction that appears to scale well with both large and small class sizes.  
 
 



3.1 Laboratory Instruction with Peer Learning 
 

In lab, students were now required to work in groups of two, or at most, three students.  Each 
student still had their own computer terminal and wrote their own programs.  However, students were 
required to discuss the problem together prior to writing the program, perhaps writing down input and 
output variables together, or formulas that they would later use in their program.  In addition, when 
students had questions, we encouraged them to ask members of their small group prior to asking the 
teaching assistant.  Thus, the teaching assistant handled only “difficult” questions in lab. 

Another significant application of peer learning was that students were now required to assess the 
operation of each other’s program.  Prior to spring 2004, the teaching assistant was solely responsible for 
assessing the functionality of each student’s program.  In spring 2004 at the conclusion of lab, the 
teaching assistant reviewed each student’s programs individually.  However, since functionality was 
already verified, the teaching assistant focused on other aspects of the students’ programs, such as style, 
documentation, and readability.  
 A minor drawback to this approach in the lab was that some of the fast-working students 
experienced frustration at having to operate in a group setting.  They wanted to leave lab as quickly as 
possible.  Another minor drawback is that sometimes students would help each other without explaining 
what they were doing.  It seemed that their major goal was to get through lab, not learn the material. 
 

4. Assessing Peer Learning with Student Course Evaluations and Final Grades 
 

At the end of the semester, students evaluate each course in the Electrical and Computer 
Engineering Department at New Mexico State University.  Peer learning was not a goal, per se, of the 
freshman programming class, so no questions concerning peer learning were part of the evaluation 
survey.  Instead, at the end of the survey, we ask two open-ended questions: 

 
1. How could the instructor improve this course with regard to content, delivery, use of class 

time, laboratories, homework assignments, textbook, exams…?   
2. What are the strengths of this course with regard to content, delivery, use of class time, 

laboratories, homework assignments, textbook, exams…?   
 
In the fall 2003 semester, 90 students were signed up for the class at the beginning of the semester.  Of 
those 90, there were absolutely no comments about student relationships.  On the other hand, there were 
five comments concerning the class atmosphere.  The comments ranged from “class wasn’t boring” to 
“class was challenging.”  During the spring 2004 semester, there were 58 students.  Of those 58 students, 
3 students wrote favorably about student relationships, in particular, that they had experienced “good 
teamwork.”  In addition, 3 students described the class atmosphere as “fun”.  Table 1 summarizes these 
results.   

 

Table 1 – Responses to open-ended questions in student evaluations for Fall 2003 and Spring 2004.  

Semester Responses Concerning Student 
Relationships 

Responses Concerning Classroom 
Atmosphere 

Fall 2003, N = 90 n = 0 0.0% n = 5 5.6% 
Spring 2004, N = 58 n = 3 5.2% n = 3 5.2% 

 
We also examined final grades at the end of these two semesters.  The results are summarized in 

Table 2.  There was very little change in the percentage of students passing the class from fall 2003 
(58.9%) to spring 2004 (60.3%).  Statistically, this change appears to be insignificant.   

 



Table 2 – Passing rates for Fall 2003 and Spring 2004.  

 Fall 2003 
N = 90 

Spring 2004 
N = 58 

A, B, or C n = 53 58.9% n = 35 60.3% 
D or F n = 23 25.6% n = 16 27.6% 
W n = 14 15.6% n = 7 12.1% 

 
 

5. Discussion and Conclusions 
 

An apparent drawback to peer learning is that students are not strongly encouraged to interact 
with the instructor in a classroom setting.  There still remains a limited amount of instructor-student 
interactions.  Those interactions may become easily dominated by male and/or majority students.  
Another drawback for both the student and the instructor is that takes much longer to learn all of the 
students’ names.  A technique other than using seating charts is clearly needed.  Finally, lecture-style 
classrooms are not conductive to small groups experiences.  Tables and chairs would probably be more 
appropriate, since they can be picked up and turned toward each other.   

Nevertheless, the benefits to peer learning seem to outweigh these apparent drawbacks.  From the 
responses to open-ended questions on the student evaluations, it is clear that some students benefited from 
the student interactions that were added to the course during the spring 2004 semester.  Moreover, there 
seemed to be a slight change in the atmosphere of the class from “not boring” or “challenging” to “fun.”  
Fun environments are good environments in which to learn.  Thus, even this qualitative change seems to 
be an improvement to the course. 
 
5.1 Possible Improvements to Peer Learning in the Course 
 
 In our first attempts at incorporating peer, or cooperative, learning in the freshmen programming 
course, no significant change in passing rates occurred.  However, the application of peer learning was 
not complete, leaving out several major components completely.  In the future, we can add features that 
will make peer learning a regular part of the course. 
 In lab, we could begin to formalize group membership, so that students stay in the same group for 
most, if not all, of the semester.  We can also begin to train students in small-group interpersonal skills.  
We could easily add a short time of group reflection at the end of each lab, so that students could assess 
how well their team in functioning as a group, and how they might improve for the next week.  Finally, 
we could have the teaching assistant assess entire teams at a time, rather than individuals.  In that way, 
one student’s success is intimately tied to the entire group’s success. 
 In lecture, we could ask students to sit close to those people who are in their lab groups.  In 
addition, we could have some fraction of the in-class quizzes (say, half) have a group grade, while the 
other in-class quizzes have uniquely an individual grade.   
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