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Abstract 

Group projects are a valuable part of the computer science 
curriculum. Group work can be enhanced if formation of 
groups is not via self-selection by the students themselves. 
Students who are assigned to groups are more likely to be 
exposed to other students with different backgrounds and 
abilities from which they can learn new things. However in 
a university with students having a wide mix of schedules, 
a crucial aspect of successful group formation is 
compatible time-schedules within a group. This paper 
describes a computer program designed to aid assignment 
to groups while helping to ensure that groups have suitable 
outside-of-class meeting times.   
 

1 Introduction 

Collaborative learning has long been considered an 
important part of a computer science curriculum. The 
Computing Curricula 1991, Report of the ACM/IEEE-CS 
Joint Curriculum Task Force [9] stated, “Beyond the 
subject matter of the curriculum, undergraduates in 
computing should have additional experiences…. 1) 
working as part of a team … ”. Further, it stated, “Such an 
experience adds important breadth, depth, and realism to 
the curriculum.” In fact, corporate IT recruiters often make 
a particular point of asking students about their experiences 
working in groups.  

In addition, research in many disciplines [1,3,6,8] suggests 
that active, collaborative learning is an effective means of 
instruction, making education have a more long-term 
effect. The students benefit from being exposed to each 
other’s perspectives, and learn from each other in addition 
to learning from the instructor. Students who are struggling 
are helped by better students in their group, and the better 
students learn by teaching the struggling students [3,7]. In 

 

 

 

 

 

 

 this respect computer science has been ahead of many 
disciplines, as collaborative work has been common for 
decades. 

One important issue in successful group work is the 
formation of groups. The easiest approach is to let students 
choose their own partners. However there are significant 
problems with this approach, including the tendency to 
avoid heterogeneous groups - the choosing of groups based 
on friendship rather than on functional or learning reasons, 
and the trouble finding groups for some students. First, 
students tend to choose partners who are like them, in 
gender, ethnicity, student status (e.g. part time), class 
cohorts (people they have been in multiple classes with), 
and in many cases, knowledge and ability. This sabotages 
one of the potential benefits of collaborative learning, that 
of learning from others with different strengths and 
backgrounds. Also, such a pairing may ignore such 
important factors as whether their schedules are 
compatible.  

Thirdly, students’ natural groupings rarely work out evenly. 
Frequently, there ends up being a group of “orphans” or 
“leftovers” with no common thread except they did not find 
anybody to pair with. These students may not have 
common schedules or interests. One catalyst for the author 
toward assigning groups was a class in which the only three 
African American students were in one group, not because 
they chose to be, but because each was otherwise 
unpartnered.  Worse, in some classes, the orphans didn’t 
find a group because of a lack of initiative on their part – 
grouping them together in a group led to a group whose 
commonality was a lack of initiative. Another problem 
situation is adding an orphan to a pairing of N-1 friends; 
the orphan can become an extra wheel. In two classes, such 
a situation led to two friends suggesting that the third 
student was not doing his share while the third person said 
that the two friends had excluded him, making decisions 
when they were together as friends. 

Finally, choosing your own groups is not a realistic 
reflection of the real world. From the perspective of 
infusing realism to the curriculum, or to the IT recruiter 
looking for relevant experience, students having worked 
through a “get used to each other” stage is an additional 
plus. 
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The easiest way to assign students to groups would be to 
randomly assign the groups. While this increases the odds 
of heterogeneous grouping over self-selection, it does not 
actively promote heterogeneity. Many advocates of 
collaborative learning specifically strive for mixed groups 
for the reasons discussed above[2,3,7]. In most cases, this 
is done by hand, [2,3,8,10]. At least one effort has involved 
the creation of a computer program for assigning groups. 
Fisher [4] developed a program to assign heterogeneous 
groups based on four variables including prior 
achievement, gender and ethnicity. Unfortunately, details 
of the algorithm are not available [5]. 

This paper describes a more involved computer program 
for assigning students to groups, and the process for using 
it. At Rutgers-Camden, where this work was done, there is 
a very diverse population of students with widely varying 
schedules. Many computer science majors are part-time, 
and/or “non-traditional”, and many classes are at night. Part 
time students vary in what days they come into school, and 
in whether their time available for assignments is weekends 
or evenings. Compatible time schedules within a group was 
absolutely crucial for successful group work. The 
combinatorics of finding compatible time schedules for a 
medium size class – frequently 25-35 students in a class - 
was prohibitive. Hence, a computer program was 
developed which aids in the process, focusing first on time 
schedules, but also looking at prior experience and project 
preferences (when a choice of projects was available). The 
program was used in the group assignment process for six 
classes over a four-year period. This paper describes the 
program and discusses its use. 

 

2 Using the Program 

Any program to assign groups needs data to use. The data 
here is gathered by surveying the students. A survey is 
distributed the first day of class and collected before the 
end of class, unless a student promises to have better 
information about their time schedule in the near future 
(e.g. if they are still lining up work hours). The survey 
collects information about computer-related jobs that they 
have or have had, and any related background. This is used 
to subjectively rate all students’ relevant background (on a 
scale of 0-10). The survey also asks for project preferences 
on a scale of from 1-10 when there is a choice of projects. 
Most importantly, students rated each possible time slot 
from 0-5, with 0 being an impossible time to meet with 
their group, and 5 being the best times to meet. The time 
slots on the survey were determined mostly based on class 
schedules at the university. For instance Monday from 
9:00am to 10:20am was a time slot, Mon from 6:00pm-
7:20pm was a time slot, etc. While many classes fit a 
pattern of time slots (e.g. MW 9-10:20), these slots are kept 
separate to ensure that students’ schedules (e.g. work) can 
be described as closely as possible. Weekend time slots 
were created somewhat arbitrarily by dividing time into 
blocks (e.g. Sat 10am-noon, noon to 2, etc). Changing the 

number of time slots or the times for time slots would be a 
small change to the computer program, mainly changing a 
constant and headings used in output. Students were left 
free to assign ratings to times as they saw fit, with the 
limitation that they had to rate some time slots as good. 
Students have rated as few as two time slots as good and 
still have been able to be assigned to a group. 

After the survey results have been collected, they must be 
made computer readable. As the program has only been 
used personally by the author so far, and its use is 
infrequent (once a semester typically), the easiest approach 
was to enter the information into a file to be read by the 
computer program. This data entry process could be sped 
up if a front-end interface were developed. 

After data is available, the program is run, producing 3 
potential solutions (each a complete set of student groups) 
as discussed in Section 3, along with a heuristic evaluation 
of each. These solutions are a decision aid. Starting from 
the best-rated solution, the author adjusted the group 
assignments to make the overall set of pairings “better”. 
Typically, a few “trades” were made to better balance the 
groups. In this process, human judgment was used to check 
that 1) all groups had at least 2 good times to meet outside 
of class, 2) prior relevant experience was somewhat 
balanced, avoiding “supergroups” and pure novice groups, 
and 3) when projects choices were available, that no group 
was assigned to a project for which any member of that 
group rated the project low. In addition, whenever the 
number of students is not evenly divisible by the desired 
group size, human judgment must be used to assign the 
“extra(s)” to a compatible group. Generally, however, these 
extras are among the least constrained students, since the 
focus of the program is first on the most constrained 
students; this makes it easy to assign the extras to a group. 

 

3 The Program 

The computer program is a fairly large (32 procedures and 
functions, 3250 lines of code counting generous comments 
and spacing) Pascal program. The general approach is one 
of greedy search. The basic idea is that the program starts 
with the tightest constraint – the student with the fewest 
time slots rated highly – and tries to find a compatible 
group for them. This process repeats until all students have 
been assigned to a group. This section describes the key 
processes at a pseudocode level, working top-down from 
the main program into key subroutines. 

3.1 The Top Level 

The top level is a short “driver” of other functions. First, 
initial work must be done, asking the user for file names 
and reading information from files. Then, the group 
assignment process is attempted using three different 
thresholds. The first pass attempts to form groups such that 
every group has at least one potential meeting time rated 5 
(highest) by every member of the group (“Process with 
Threshold”). The second and third passes repeat the same 
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process with thresholds of 4 and 3. Generally, it is hoped 
that a good solution can be based on that suggested by one 
of the first two passes.  

3.2 Process with Threshold 

The “process with threshold” procedure is illustrated in 
Figure 1. The first step is to determine which students will 
create the greatest challenge in finding an acceptable group 
– those that rated the fewest time-slots at the current 
threshold or better. Each student’s time slot ratings are 
compared to the threshold, and students are sorted by the 
result so that the most constrained students are listed first. 
Next, information is printed (to a file) to support later 
manual adjustment of groups (not shown). This information 
includes a listing, for each time-slot, of students at or near 
the threshold. 

 Sort students by #time-slots above threshold (low to high) 

 REPEAT 

     Assign a student to a group (See Fig 2) 

 UNTIL all students assigned 

 Assign projects to groups (See Fig 3) 

 Rate set of group assignments (See Fig 4) 

Figure 1 – Process with Threshold Pseudocode 

Next the procedure loops until all students have been 
assigned to a group (or marked as unassignable). This 
repeated process, discussed in Section 3.3, attempts to find 
a compatible group for the most constrained student not 
previously assigned to a group.  

For classes with a project choice, then groups are assigned 
to a project. This process, discussed in Section 3.4 involves 
trying to keep a balance of the number of groups working 
on different projects, while ensuring that students are not 
strongly disappointed by their project assignment. Finally, 
the procedure rates the set of group assignments (see 
Section 3.5), and prints group assignments in a format 
suitable for students.  

3.3 Assign a Student to a Group 

The “Assign a Student to a Group” procedure is illustrated 
in Figure 2. The process works on assigning the most 
constrained student not already assigned to a group. To 
assign this current student to a group, all time-slots are 
considered, looking for time-slots rated at or above the 
current threshold by the student. For each such time-slot,  
the number of unassigned students rating that time-slot at 
or above the current threshold are counted. If enough have 
been found to form a group (3 person groups have been 
used, but a change only requires changing a constant), the 
most constrained compatible students are assigned to the 
next available group.  

 If all time-slots have been considered and the current 
student has not been placed in a group, then the student 
cannot be assigned given the current threshold. When sets 
of group assignments are rated using the evaluation  

 

LOOP through all time-slots 
IF current constrained student’s rating for time slot is at or 
above the current threshold 

IF there are enough unassigned students with time-
slot rating at or above the current threshold  

Collect first N most constrained compatible 
unassigned students and assign them to a group  

 ENDLOOP 
 IF no grouping found for current constrained student 
     Assign student to “No Group Found” group 
 ENDIF 

Figure 2 – Assign a Student to a Group Pseudocode 
function (See Section 3.5), such a failure to assign a student 
to a group is heavily penalized. 

3.4 Assign Groups to Projects 

The “Assign Groups to Projects” procedure is illustrated in 
Figure 3. This process is only used when the students are 
given a chance to express project preferences. The first step 
is to calculate ratings for each group for each potential 
project. The current calculation uses the product of squares 
of each student in a group’s rating of the project. This 
encourages assignment to projects that no member of a 
group dislikes. For instance a project rated 6,6, and 6 by 
three members of a group gets a higher group rating than a 
project rated  10,9, and 2. 

  

 Calculate each group’s group rating for each project 
 Temporarily put each group in their highest rated project 
 WHILE NOT done 

IF assignment worked right 
Done = true 

ELSE 
Adjust group assignments  

 ENDWHILE 
Figure 3 – Assign Groups to Projects Pseudocode 

Next, groups are temporarily assigned to their highest rated 
project. This program was written under the assumption 
that students would be given a choice of different projects, 
but that groups would only be assigned to two projects. 
This is because of the use of role-playing in the 
Information Systems Design course. Students interviewed 
“users” via role-playing. Assigning groups to two projects 
allows two people to role-play (one for each project), 
allowing more groups to determine requirements in less 
time. However, more projects would require finding more 
people to role-play. So when project preferences are 
surveyed, the goal is to assign a roughly equal number of 
groups to each of two projects, and no groups to the other 
projects. If this is not met initially, adjustments must be 
made. Space considerations do not allow a full description 
of this process. 

Roughly, if more than two projects are assigned to groups, 
the groups assigned the least favorite projects are moved to 
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their second choice, and if assignment of projects to groups 
led to a project being assigned to more groups than 
allowed, some groups are switched from their first choice 
project. The group(s) who seem to lose the least by shifting 
are assigned to their second choice project. 

 

3.5 Rating a Set of Group Assignments 

The “Rating a Set of Group Assignments” formula is 
detailed in Figure 4. The evaluation function calculates an 
overall rating for each group and adds those ratings 
together, and subtracts a substantial penalty for any 
students not assigned to a group. The unassigned penalty 
serves to downgrade any solution that leaves students 
unassigned – thus generally eliminating time-slot rating 
thresholds that are too high. An overall group rating is the 
product of a group project rating, a group times rating, and 
a group experience rating. Using a product means that a 
low rating in any of the three areas results in a relatively 
low overall group rating.  

 

Total = sum of all group overall ratings –  unassigned penalty  

 Unassigned penalty = # students not assigned to a group * a 
large constant 

 Each Group overall rating = product of below three ratings 

 Group project rating = Product of squares of 
students’ rating of the assigned project 

 Group times rating = sum of ratings of times for all 
time-slots in which all members of a group have rated 
>= 3 

 Group experience rating = difference between highest 
experience rating in a group and sum of two smallest 
experience ratings in the group + 11 (to ensure 
positive result)  

Figure 4 – Evaluation Function Formula 

The project rating is the same as used in the process of 
assigning projects to groups. It is designed to reward 
project assignments in which all members of a group have 
a favorable rating of a project.  The group times rating is 
designed to reward group assignments in which groups 
have many possible times to meet outside of class. For 
every time-slot for which all members of the group rated 
decent or better, some reward is given – and that reward is 
higher if the ratings are better than decent.  

The group experience rating is designed to reward group 
assignments that are balanced – with groups having an 
experienced member and (with three member groups) two 
less experienced members. For instance, a group whose 
members’ prior experience ratings are 10, 9, and 8 would 
get an experience rating of (10–17)+11=4, while a group 
with prior experience ratings of 10, 3, and 2 would get an 
experience rating of (10–5)+11=16. The latter offers the 
potential for two students to learn from a more experienced 

student. Essentially, this rating rewards heterogeneity of 
groups in terms of prior experience. 

The overall result of the evaluation function is to rate 
highly those sets of group/project assignments that we are 
seeking – students in groups with compatible time 
schedules, with a mix of experience, working on a project 
they are interested in, and with no difficult to assign 
students left around unassigned. The number of manual 
adjustments that need to be made to a highly rated set of 
assignments is small. Essentially the computer program has 
focused the human-decision maker on a productive part of 
the search space. In the next section, we discuss our 
experience with using this program for classes.  

 

4 Discussion 

In this section, we discuss several issues with respect to the 
goals of the software and the evaluation of it, based on 
experience with 6 classes using the program and 4 classes 
of the same courses using student self-selection. 

Do students perceive it as fair? Since many students are 
happy to be able to pick their own group, a concern is 
whether students would complain about being assigned, 
and specifically whether they would see the assignment 
process as fair. Others have found that students perceive 
random assignment to groups as fair [2]; would students 
assigned non-randomly feel the same? While there were 
some complaints about partners (as always), there were no 
complaints in six semesters over the process of assignment. 
The process was pitched to the students as helping match 
up compatible time schedules and project interests, and the 
lack of complaints may suggest that the students found that 
to be true.  

Can students get around it? Sometimes, when students 
want to work with their friends, they try to coordinate their 
time-preferences to be compatible. This is usually obvious 
because of chatting while filling out the survey. These 
students were never successful in “beating the system”, 
because the students didn’t know enough about how the 
program works. Generally, they put too many compatible 
times, making them weakly constrained, allowing the 
program many options of people with which to assign them 
into a group. 

Do groups have compatible schedules? Yes. There never 
was a group with less than two times rated 4 or above, and 
generally most groups have more. Since the projects are of 
a style where meetings are for project coordination, 
decision-making, etc (i.e. not constant  side-by-side 
working), there has been plenty of available meeting times. 

Are groups heterogeneous? Clearly they are more so than 
under self-selection, in terms of experience and in terms of 
race/ethnicity and gender. There have been some really 
good effects – students have recognized the benefits of 
meeting and learning from people they probably would 
never even have talked to. For instance, “traditional” 
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students who were available in the evening gained a lot 
from working with “non-traditional” part-time students. 

Are there any orphans? The process is set up so there are 
no orphans. Furthermore, announcing the group assignment 
process on the first day of class completely eliminates any 
questions of whether they can have a group of size N-1 or 
N+1.  

Do students learn more?  The literature says greater 
heterogeneity should lead to more learning through 
students teaching students. To test this, it would be helpful 
to have two simultaneous sections and do group assignment 
in one and allow self-selection in the other. Perhaps, 
relative improvement between midterm and final by low 
scoring students could be the dependent measure. However, 
such an opportunity has not arisen.  There have been 
situations where students clearly seemed to benefit from 
the assignment. For instance, I have seen students who tend 
to work in the shadow of their friends come out and lead. 

Do any groups have problems? Absolutely. The most 
common problem is students who don’t do their fair share. 
This is not more of a problem than with self-selection, 
however. 

How much work is the program to use? Between data 
entry and doing the manual adjustment, this process 
represents a solid evening of work, compared to little 
outside-of-class work for self-assignment. However, 
compare this to a manual approach considering time 
schedules. With a class size of 33 (fairly typical in the 
classes covered) and a group size of 3, there are 
2.39344E+28 possible sets of groupings (33! / (3!) ** 11). 
So clearly neither a person, nor  a computer can do an 
exhaustive search. A person doing a greedy search still has 
to manually compare time slot ratings for many students, a 
tedious process. 

Could other professors use the program? There is 
potential that the program could be shared. It is posted at 
http://www.lasalle.edu/~redmond/teach/as-gp.p. However, 
some personal technical support would be needed regarding 
file format, the support the output gives for manual 
adjustments, and making the changes necessary for a 
different class schedule at a different university.  

What would you change? Any future work starts with 
porting the program to a more current language. The 
program could be improved if it was adapted to consider 
geography in some manner. Commuter students can live in 
opposite directions from the university. Those geographic 
differences can sometimes make meeting difficult even if 
the students are all available at a given time. Developing a 
good way to make use of geography is an open issue.  

Finally, a useful enhancement would be to provide  
additional support for manual adjustments. For instance the 
program could be changed so that a user could adjust an 
assignment interactively and immediately see the results of 
evaluation function after the change. This could aid the 
manual adjustment process.  

 

5 Conclusion 

A computer program has been developed to aid assignment 
of students into groups for projects. The program searches 
for group assignments that result in compatible schedules. 
The program also evaluates the goodness of a set of 
assignments based on project preferences and balanced 
levels of experience in the groups. The assignments 
generated by the program generally have to be manually 
adjusted, but the program brings sharp focus into the search 
for compatible groups. The program helps to support the 
desirable goal of heterogeneous groups, which many 
advocates of collaborative learning suggest leads to more 
learning for all members of the group. Most importantly, 
the program has been very successful in ensuring 
compatible time slots for groups to meet outside of class, 
an important feature for heavily scheduled and diverse 
computer science students.  
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