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ABSTRACT

A significant body of research identifies a large number of team composition characteristics 

that affect the success of individuals and teams in cooperative learning and project-based team 

environments. Controlling these factors when assigning students to teams should result in im-

proved learning experiences. However, it is very difficult for instructors to consider more than a 

few criteria when assigning teams, particularly in large classes. As a result, most instructors allow 

students to self-select teams, randomly assign teams, or, at best, balance teams on a very limited 

number of criteria.

This paper describes the design of Team-Maker, a web-based software tool that surveys students 

about criteria that instructors want to use when creating teams and uses a max-min heuristic to 

determine team assignments based on distribution criteria specified by the instructor. The Team-

Maker system was validated by comparing the team assignments generated by the Team-Maker 

software to assignments made by experienced faculty members using the same criteria. This vali-

dation experiment showed that Team-Maker consistently met the specified criteria more closely 

than the faculty members. We suggest that Team-Maker can be used in combination with the 

Comprehensive Assessment of Team-Member Effectiveness (CATME) peer evaluation instrument 

to form a powerful faculty support system for team-based and cooperative learning and for a va-

riety of research purposes. Internet access to both the Team-Maker and CATME systems is freely 

available to college faculty in all disciplines by selecting the “request faculty account” button at 

https://www.catme.org. 
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INTRoduCTIoN

undergraduate engineering programs were dominated by the paradigm of individual, rather 

than collective, excellence until the mid-1990’s (hilborn 1994). outcomes-based accreditation 

requirements that engineering programs develop students’ ability to function on multidisciplinary 

teams, implemented by the accreditation Board of engineering and technology (aBet 2009–10), 

encouraged the engineering education community to shift this paradigm. as a result, instructional 

methods in which students learn from one another by working in groups have quickly gained ground 

in engineering classrooms. note that although some authors use the terms “groups” and “teams” 

differently (Katzenbach and smith 1993), in this paper, we use them interchangeably.

Various pedagogical approaches that use student teams have been shown to be effective for 

engineering education (Felder 2000). these include cooperative learning (Johnson 1998), collab-

orative learning (Bruffee 1993), and team-based learning (Michaelsen 2002). team-based learning 

is treated as synonymous with cooperative learning in the engineering education literature (Felder 

1993). additional approaches, such as problem-based learning (woods 1996) and active learning 

(wankat 1993) are often used in conjunction with student teams, even though these approaches could 

be used while having students work individually. Because this emphasis on teaming has occurred 

relatively recently, there is limited research about what makes teamwork experiences successful in 

engineering education. there is a substantial body of research about the factors that influence the 

success of teams in general and student teams in particular. Much of this research is reported in the 

management and psychology literatures, however, where team processes have traditionally been 

studied and where teamwork has been used in classes for many years (Bacon, stewart, and silver 

1999). therefore, the generalizability of that work to engineering student teams is often unproven. 

one thing that is clear from existing research is how members are assigned to teams has important 

implications for team-member outcomes and team effectiveness. 

this study adds to the engineering education literature and practice by demonstrating the valid-

ity of a computer-based system to assign students to teams according to instructor-specified and 

by making its heuristics available for public scrutiny. 

MeThodS of ASSIGNING STudeNTS To TeAMS: Who Should foRM TeAMS?

although a number of external factors, team processes, and team-member characteristics have 

been shown to influence team success and team-member outcomes (stewart 2006), one factor that 

is especially important in academic contexts is how team members are assigned to teams. this is a 

particularly important issue in student learning teams because instructors can directly control team 

http://ieeexplore.ieee.org/stamp/stamp.jsp?tp=&arnumber=284996&isnumber=7053
http://www.abet.org/Linked Documents-UPDATE/Criteria and PP/E001 09-10 EAC Criteria 12-01-08.pdf
http://www.asee.org/publications/jee/PAPERS/display.cfm?pdf=220.pdf&special_issue=220
http://advances.asee.org
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assignments, whereas many of the other factors that influence important outcomes are not within 

instructors’ control. the three methods of assigning teams that instructors commonly use are self-

selected teams, randomly assigned teams, and instructor-assigned teams. each of these methods is 

described next. this section concludes with a discussion of computer-aided team formation, which 

has a number of advantages relative to the three alternatives.

Self-selected teams give students more responsibility and control over their learning experience 

than when instructors assign teams, which has a number of advantages and disadvantages (dipinto 

and turner 1997). Bacon and colleagues found that students often cite self-selected teams as their best 

team experiences, most likely due to increased group cohesiveness (neal 1997; strong and anderson 

1990; wolfe, Bowen, and Roberts 1989; wolfe and Box 1988), accountability (Mello 1993), and coopera-

tiveness, which increases team members’ feelings of indispensability and improves their satisfaction 

with deadlines (Bacon, stewart, and silver 1999). these benefits of self-selection were greater after 

the first academic term and are consistent with gosenpud and Miesing’s finding that knowledge of 

teammates prior to team formation is associated with improved team performance (1984). 

in contrast to these findings is considerable evidence of negative effects of self-selection. Feichtner 

and davis (1984) reported that self-selected teams resulted in 40% of students’ worst group experi-

ences and only 22% of their best group experiences. in a study of engineering students at the united 

states Military academy, Brickell and colleagues found that self-selection had negative effects on 

students’ opinions about the course, instructors, projects, classmates, and other criteria (Brickell et al. 

1994). self-selection can also lead to excessive homogeneity (Jalajas and sutton 1984), such that the 

teams lack diversity (Bacon, stewart, and stewart-Belle 1998; Kirchmeyer 1993) and might not have 

all the skills required for their team’s task (Mello 1993). self-selection can also lead to clique behavior 

that erodes team cohesion and performance (daly and worrell 1993). self-selecting teams is likely to 

be difficult and uncomfortable for students who do not have acquaintances in the class, particularly 

when other students already know one another, and for students who are introverts. students can 

also feel uncomfortable about declining to be on a team with classmates who they believe would 

not be a good match, due to the social repercussions of rejecting peers. another disadvantage of 

self-selected teams is that, due to their increased cohesion, self-selected teams may be more likely 

to experience “groupthink” (Janis 1982). groupthink can be a particularly dangerous phenomenon in 

engineering teams, as exemplified in case studies of disasters (Moorhead, Ference, and neck 1991), 

so it is vital that students in engineering learn the skills that it takes to avoid groupthink. 

self- selected teams with instructor-imposed constraints have been proposed to balance the 

benefits and drawbacks of self-selected teams (Bacon, stewart, and silver 1999). in this system, 

the instructor can insist, for example, that each team has at least one international student. this 

technique is still subject to many of the negative effects of self-selection.

http://www.asee.org/publications/jee/PAPERS/display.cfm?pdf=36.pdf&special_issue=36
http://www.asee.org/publications/jee/PAPERS/display.cfm?pdf=36.pdf&special_issue=36
http://advances.asee.org
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Random assignment is another option for assigning teams, but this method has a number of 

disadvantages and no clear strengths relative to the alternatives. Random assignment does not 

necessarily result in a team with any more diversity, balanced skills, or blend of personalities than 

does self-selection (cook 1981; Quirk 1989; Vora and akula 1978), yet it raises concerns about fair-

ness (Bacon, stewart, and silver 1999). Bacon and colleagues found that randomly assigned teams 

were negatively associated with students’ best team experiences, and were not significantly asso-

ciated with students’ worst team experiences (Bacon, stewart, and silver 1999). although random 

assignment lacks the advantages of the other team-assignment methods, it does avoid some of 

the negative effects of self-selection (Johnson, Johnson, and smith 1991), so it is typically used for 

expediency. instructors often use random assignment for short-term team assignments, when they 

do not see a clear benefit of using a more complex team-assignment strategy, and when they do not 

want to spend much time assigning teams. there are also situations when an experimental method 

requires that teams be randomly assigned. 

Instructor-assigned teams enable instructors to control various criteria in an effort to create posi-

tive team experiences, and the preponderance of the available evidence suggests that controlling 

those criteria improves student outcomes (oakley et al. 2004). although there are clear advantages 

to assigning teams according to certain criteria, instructors assign teams relatively infrequently 

because the logistics can be challenging (Bacon, stewart, and silver 1999; decker 1995). the com-

plexity of team-assignment increases dramatically as the class size and number of variables to be 

considered increases. therefore, implementing more than a few criteria for team formation can be 

inordinately time-consuming for instructors, especially when accounting for students’ availability 

for team meetings outside of class and when working with the large classes that are typical in un-

dergraduate engineering. 

Computer-aided team formation makes instructor control of the team-assignment process feasible 

in more circumstances. to facilitate the assignment of students to teams using instructor-specified 

criteria, Bacon and colleagues developed a software program called “team Maker” (Bacon, stewart, 

and anderson 2001), which administers a survey to students in order to collect demographic data 

and roles that students prefer to hold in teams. instructors manually transcribe students’ survey 

responses to a spreadsheet programmed to form teams that optimize the instructor’s criteria. al-

though Bacon and colleagues recognized the potential of computer-aided team formation, they 

noted the drawbacks of their software system due to its complexity and the time required to create 

the survey and enter the data into the spreadsheet prior to program execution. another software 

program for team formation is described by Redmond (2001). we do not provide details about this 

system because we believe that it is not as adaptable and user-friendly as the web-based program 

described next.

http://advances.asee.org
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The TEAM-MAKER SySTeM: AuToMATING TeAM-foRMATIoN. 

cavanaugh, ellis, Layton and ardis (2004), who were unaware of Bacon and colleagues’ work, 

developed a different system that forms teams using instructor-defined criteria. Layton, an engineer-

ing professor with several years of experience manually assigning students to cooperative learning 

teams, worked with ardis, a software-engineer, and undergraduate students cavanaugh and ellis 

to develop a web-based system to automate the team-assignment process. By coincidence, they 

named the program “Team-Maker” (as they were unaware of the similarly named program by 

Bacon and colleagues). the remainder of this paper describes the development, use, and testing 

of the Team-Maker system, followed by a brief discussion of the factors that the literature suggests 

instructors should consider when assigning students to teams.

cavenaugh et al’s. (2004) main objective was to create an algorithm to codify the team-assign-

ment process and implement it in an easy-to-use internet-based interface. their specific goals for 

the system included:

l	 automating the team-assignment process consistent with well-established methods for  

manually assigning students to cooperative learning teams

l	 increasing the likelihood that instructors’ team-formation criteria are met compared to  

manually-assigned teams

l	 providing a team “compliance score” to assess the extent to which all of the team-formation 

criteria have been met

l	 allowing instructors to explore multiple solutions to the team-assignment problem; and

l	 availability of the program to faculty everywhere. 

the system, initially developed and tested in 2002–03, provides separate interfaces for instructors 

and students. the instructor’s interface is used to create a student survey and to specify the criteria 

by which the survey results should be used to make team assignments. the student’s interface al-

lows a student to complete the survey confidentially and on-line, so that the data do not have to 

be re-keyed before they are used. 

to use Team-Maker, an instructor is given a login by the system administrator. this prevents un-

authorized users from creating surveys or viewing confidential data. the instructor creates a survey 

by providing the names and e-mail addresses of the students to be surveyed, choosing questions, 

and specifying a deadline. the system generates an email to each student that includes a custom-

ized link to the survey. after the students complete the survey, the instructor specifies how their 

responses are used to form teams. the software generates a set of teams according to those 

criteria, along with a statistical summary of how all of the surveyed variables are distributed on each 

team. Team-Maker also provides for manual reassignment of team members for situations when an 

http://soa.asee.org/paper/conference/paper-view.cfm?id=20366
http://advances.asee.org
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instructor knows something relevant that is not provided to the software (for example, that two 

students may not work well together).

the Team-Maker interface allows instructors to specify any size team and accepts various question 

formats so that instructors have substantial flexibility in creating teams. Question formats include 

multiple choice, choose-any-or-all-of, and schedule availability, each with its own scoring algorithm. 

Team-Maker asks instructors to choose from several different criteria when specifying how variables 

should be distributed when the system forms the teams. these include maximizing the diversity of 

a variable on a team (such as to distribute sub-disciplines/majors evenly across teams), minimizing 

the diversity of a variable on a team (for example, to have students with similar interests on the 

same team), and a special distribution criterion that allows instructors to prevent women or minori-

ties from being outnumbered on a team. Team-Maker also asks instructors to assign weights to the 

variables when they specify the distribution criteria, so that the algorithm can give higher priority 

to the criteria that the instructor feels are the most important for assigning students to teams. 

instructors can also use Team-Maker to collect information that is not used for assigning students to 

teams. this feature of the Team-Maker program allows the instructor to ask questions of students for 

classroom use or research purposes, beyond what is needed to form teams. For example, instructors 

can use the survey to get to know their students, replacing the index cards and paper questionnaires 

that many instructors collect from students early in the semester. in addition, instructors can conduct 

research by collecting information on variables that might affect important individual or team-level 

outcomes, allow those variables to distribute randomly (by instructing Team-Maker to ignore them 

when assigning teams), then study the effects of those variables on the outcomes of research interest. 

this feature of Team-Maker facilitates the creation of new knowledge about what variables should be 

considered when forming teams and how to effectively distribute those variables across teams. 

The TEAM-MAKER AlGoRIThM foR ASSIGNING STudeNTS To TeAMS

the Team-Maker algorithm assigns students to teams based on their responses to an online 

survey. instructors create the student survey by choosing the variables that they want to be in-

cluded in their survey from the list of variables in Team-Maker’s “inventory”. the variables have 

associated with them the questions that the students will be asked and the responses from which 

they will be permitted to choose. when Team-Maker was first developed (Team-Maker Version 1), it 

allowed instructors to write and edit their own questions. this feature was eliminated when Team-

Maker was moved to a web-based interface (Team-Maker Version 2), but instructors can still add, 

remove, or re-order questions for each survey. having a list of available questions makes it easier 

http://advances.asee.org
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to compare responses across surveys, facilitates research, deters instructors from using the system 

to ask inappropriate questions, and simplifies the interface. Team-Maker’s inventory of variables 

can be expanded as users request that new questions be added to the current choices.

after the students complete the survey, the instructor assigns a decision/distribution rule/weight 

to each survey variable that indicates 1) whether the instructor wants students with similar or dis-

similar responses to be grouped, and 2) how heavily that variable should be weighted when creating 

teams. the team-assignment algorithm generates a “question score” for each variable character-

izing how well the team’s distribution of that variable complies with the instructor’s wishes—higher 

positive values are better. Team-Maker’s algorithm then generates a “compliance score” for each 

team characterizing how well the team’s distribution of all variables complies with the instructor’s 

wishes—again, higher positive values are better. the team’s compliance score is the average of 

the team’s question scores on all variables. Team-Maker works by randomly assigning students to 

teams of the size specified by the instructor, calculating question scores and compliance scores, 

then iteratively changing the team assignments to attempt to maximize the minimum compliance 

score of the set of teams. 

Team-Maker supports four types of questions: multiple-choice, choose-any-or-all-of, schedule-

compatibility, and underrepresented-member. a different heuristic is used to generate the question 

scores for each type of question. the heuristics generally return a value on the interval [0, 1] with 

0 representing homogeneity and 1 representing heterogeneity for that particular question. in the 

subsections that follow, we describe for Team-Maker Version 1 the computation of the question 

scores for the four types of questions, the computation of the compliance scores for the team, the 

max-min procedure that uses the compliance scores to find a good set of teams, and the summary 

statistics that the system provides to the instructor. 

Multiple-choice question. in a multiple-choice question, the student picks exactly one item from a 

list of choices. a survey may have an unlimited number of multiple-choice questions. the score   S
k
mul 

for the kth multiple-choice question (the superscript mul indicates multiple-choice) is given by

 (1)

where student responses r
ij
 are interpreted using

where n is the number of students in the team and N
k
mul is the number of choices in the question. the oR 

operator (n) returns a value of 1 if any student in the ith team selects the ith choice and a value of zero if 
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no one in the team selects the ith choice. the greater the number of options that the team members select 

in common, the closer the score approaches zero, indicating team homogeneity on this question. 

to illustrate computing this question score, suppose the multiple choice question asks: “My overall 

gPa is in the range of (select one): a) 4.0-3.5; b) 3.4-2.8; c) 2.7-2.0; d) 1.9 or below.” if a 5-member 

team had the gPa set {3.8, 3.6, 3.3, 2.7, 2.5} the heuristic returns a 3 (three of the possible four choices 

were checked by at least one student) divided by 5 (the number of students in the team), or 3/5 5 

0.6, a number closer to one than zero, indicating a team with some heterogeneity. if, in contrast, the 

team gPa set were all in one bin, for example, {2.8, 2.9, 3.0, 3.3, 3.4}, then the result of the heuristic is 

1/5 5 0.2, a number close to zero, indicating a team with homogeneity on this question. in this case, 

the gPa is entered as free response, but the aggregate data is still grouped into bins in this way.

Choose-any-or-all-of question. in a choose-any-or-all-of question, the student picks all appro-

priate items from a list of choices. a survey may have an unlimited number of choose-any-or-all-of 

questions. the score s
k
aoa for the kth choose-any-or-all-of question (the superscript aoa indicates 

any-or-all) is given by

 (2)

where student responses r
ij
 are interpreted using

where n is the number of students in the team, N
k
aoa is the number of options in the question, and 

R
k
aoa is the number of responses by all team members to all options. the condition b 5 0 for a 5 0 

or 1 expresses our decision that having a choice selected by no students is the same level of het-

erogeneity as having a choice selected by only one student. the greater the number of options 

that the team members select in common, the closer the score approaches zero, indicating team 

homogeneity on this question. the heuristic includes the square of b so that the numerator (b2) and 

the denominator (n 3 R) are of the same order. 

to illustrate computing this question score, suppose the choose-any-or-all-of question asks: “in 

which sports are you active this quarter (choose all that apply): football, soccer, baseball, basket-

ball, swimming, lacrosse.” For a team of four, with one member playing baseball and one on the 
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swim team, the b2 term is zero and the resulting question score is 1 (perfectly heterogeneous). in 

contrast, for a team of four with three members on the soccer team, b 5 3 (three members on the 

same team), n 5 4 (four team members), and R 5 4 (four responses), resulting in a question score of 

(1232/42)5(129/16) 5 0.44, a number close enough to zero to indicate a degree of homogeneity. 

the weighting of the choose-any-or-all-of questions is treated in the same manner as described 

above for multiple-choice questions. 

Schedule compatibility question. in the schedule-compatibility question, students enter times 

when they are unavailable to meet with their team outside of class. a survey may have only one 

schedule-compatibility question. the score ssch for the schedule-compatibility question (the super-

script sch indicates schedule) is given by

 (3)

where student responses r
ij
 are interpreted using

and where n is the number of students in a team, h is the number of compatible hours beyond 

which the developers deemed further compatibility unnecessary (h 5 40 in Team-Maker Version 1), 

and H is the number of blocks of time in a week (H 5 119 in Team-Maker Version 1). the oR opera-

tor returns a value of 1 if one or more students in a team are busy in the ith time block and a value 

of zero if everyone is available for team work in the ith time block. a high percentage of zeros in 

the schedule matrix indicates a high level of schedule compatibility, meaning that the team has an 

adequate number of hours to meet for team work outside of class. in (3), the only time blocks that 

improve a team’s score are those in which all members of a team are free.

this heuristic returns a value on the interval [0, 1] but unlike the previous heuristics, here the value 

of zero indicates complete heterogeneity (undesirable: the entire team never is free at the same 

time) and a value of one indicates adequate homogeneity (desirable: the entire team has at least 40 

free hours in common). while it is possible to adjust (3) to reverse the heuristic, the inconsistency 

is rooted in the fact that we collect data from students on when they are unavailable, but we are 

ultimately interested in when they are available. thus, the reverse-coded nature of this heuristic is 

expected and adjusting the equation would actually confuse matters further.

to illustrate computing this question score, suppose the aggregate responses of a team of four 

to the schedule compatibility question are summarized as shown in table 1. here, a result of “0%” 

in a time block indicates that no one on the team is busy (thus everyone is available for team work) 
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and a result of “100%” in a time block indicates that everyone on the team is busy (thus not avail-

able for team work). 

this sample team has 34 time blocks with a result of 0% (everyone available). in this case the 

summation in (3) returns a value of 34, and the score ssch is given by 34/40 5 0.85, a number close 

to 1, indicating schedule compatibility. three additional cases illustrate the heuristic:

l	 complete incompatibility (no time blocks are 0%): this occurs if every time block has been 

marked busy by at least one member of the team. the summation in (3) returns a zero, and 

the score ssch 5 0. 

l	 Further compatibility unnecessary (forty time blocks are 0%): the summation in (3) returns a 

40/40 5 1, and the score ssch is 1. 

l	 complete compatibility (all time blocks are 0%): the summation in (3) returns a 119/40 5 2.975, 

and the score ssch is 1. 

Because schedule compatibility is always desirable, the weights for the scheduling question are 

in the reverse order from the weights for the previous two questions, i.e., the 11 positions on the 

scale correspond to the set of weights {15, …, 11, 0, 21, …,25} where a positive weight indicates 

an instructor’s desire for homogeneity (gather similar). the negative values are not expected to be 

used. in Team-Maker Version 2, negative weights are disallowed—instructors may not intentionally 

group for schedule incompatibility.

Table 1: Sample schedule-compatibility results: % of team busy.

http://advances.asee.org
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to illustrate the use of weights with the schedule-compatibility question, suppose a heterogeneous 

team’s question score is 0.85 as in the example given above. if the instructor selects a weight of 14 

(compatibility desired, but not the most important question), then the score-weight product 

is 0.85 3 4 5 3.4, which adds to the team’s compliance score. a higher weight would increase the 

influence of schedule compatibility on the compliance score. if the team has a question score of zero 

(complete incompatibility), then to increase the team’s compliance score, the algorithm attempts to 

improve schedule compatibility. in contrast, if the team already has a score of 1 (the maximum com-

patibility score attainable), then the algorithm seeks no greater levels of schedule compatibility. 

Pairing of underrepresented team members. a survey usually has no more than two questions 

regarding underrepresentation (gender and/or race/ethnicity). Females and all racial/ethnic groups 

that are not “white, non-hipanic” are treated as underrepresented groups. the score s
k
urm for the kth 

underrepresented member (the superscript urm indicates underrepresented member) is given by

 (4)

where student responses r
ij
 are interpreted using

and where n is the number of students in a team. For a team with only one underrepresented mem-

ber, a 5 1 and the question score is 21, decreasing the team’s compliance score to account for the 

fact that the underrepresented member is outnumbered on the team. For the case in which a team 

has no underrepresented members, the question is irrelevant, so a 5 0 and the question score is 

0 and has no effect on the team’s compliance score. For cases where specific underrepresented 

members are at least paired on a team, a $ 2 and the question score is 11. note that the algorithm 

implements “not being outnumbered” on a team by “at least pairing” underrepresented members 

on a team. consequently, if a class includes only three women, for example, the algorithm would 

tend to place them all on the same team (subject to the weight given to other criteria).

to illustrate computing this question score, suppose that the instructor wishes to prevent the 

outnumbering of women and Black students on teams of four. two survey questions would be cat-

egorized as underrepresentation questions: one for gender and one for race. consider the following 

examples for teams of four (undesignated members are white males):
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l	 For a team with one white female and one Black male, the gender question score is 21 and 

the race question score is 21. 

l	 For a team with two Black males, the gender question score is 0 and the race question score 

is 11. 

l	 For a team with one Black male, one Black female, and one white female the gender question 

score is 11 and the race question score is 11. 

this last case illustrates an overly simple characteristic of this heuristic: with a Black male and a 

Black female on the same team, the heuristic computes that Black team members are not outnum-

bered (meeting the instructor’s goals) but we know that gender can confound this pairing. Likewise, 

with two women on the team, the heuristic computes that women are not outnumbered (meeting 

the instructor’s goals), but we know that race can complicate this pairing because Black women and 

white women are less likely to have shared experience. in Team-Maker Version 2, a more sophisticated 

heuristic accounts simultaneously for race and gender if “outnumbering” is to be prevented.

Because avoiding outnumbering underrepresented members on a team is desirable if this type of 

question is used for forming teams in engineering classes (Rosser 1998), the weights for this ques-

tion have positive values only, from 0 to 15. to illustrate, suppose the instructor selects a weight of 

15 to indicate a strong desire to prevent outnumbering of underrepresented members. using the 

cases listed above:

l For a team with one white female and one Black male, the gender question score is 21 and 

the race question score is 21. Both score-weight products are 21 3 5 5 25, and both results 

lower the team’s compliance score. to increase the team’s compliance score, the algorithm 

attempts to pair the white female with another female and to pair the Black male with another 

Black student, if possible. 

l For a team with two Black males, the gender question score is 0 and the race question score 

is 11. the gender score has no effect on the compliance score and the race score increases 

the compliance score by 15. 

l For a team with one Black male, one Black female, and one white female the gender question 

score is 11 and the race question score is 11. the two combined raise the compliance score 

by 110. 

l a weight of zero, as with all survey questions, causes the algorithm to ignore the underrep-

resented member question. 

Team compliance score. the compliance score for a team, C, is computed from the weighted 

sum of the question scores given by

 (5)
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where  score and weight for the kth multiple-choice question

   score and weight for the kth choose-any-or-all-of question

   score and weight for the schedule-compatibility question

   score and weight for the kth underrepresented-member question

and where Qmul is the number of multiple-choice questions, Qaoa is the number of choose-any-or-all-of 

questions, and Qurm is the number of underrepresented-member questions in the survey. it is assumed 

that only a single schedule-compatibility question is included in the survey. again, relatively high positive 

scores indicate a greater degree of compliance with the instructor’s wishes than relatively lower scores. 

in Team-Maker Version 2, dividing by the maximum possible team score (the sum of the weights) nor-

malizes each survey so that team compliance scores can be compared from one survey to another. 

Assigning weights to each question score. the instructor assigns a decision rule/weight (hereafter 

called “weight” for simplicity) to a multiple-choice question on a scale as illustrated in Figure 1. the 

11 positions on the scale correspond to the set of weights {25, …, 21, 0, 11, …,15} where a negative 

weight indicates an instructor’s desire for homogeneity (gather similar) and a positive weight in-

dicates a desire for heterogeneity (gather dissimilar). the larger the magnitude of the number, the 

greater the importance placed by the instructor on that particular question. a weight of zero causes 

the question to be ignored when computing question scores. if all the weights are set to zero, the 

effect is that teams are randomly assigned.

to illustrate the use of weights, suppose a heterogeneous team’s gPa question score is 0.6 as 

in the example given above. if the instructor selects a weight of 15 (largest weight for heteroge-

neity), then the product of the score and the weight is 0.6 3 5 5 3.0. this positive value increases 

the team’s compliance score, where a higher relative compliance score indicates “meeting the 

instructor’s criteria”. suppose instead that the instructor wishes students with similar gPas to 

be grouped together and so selects a weight of 25 (largest weight for homogeneity). the score-

weight product is negative, 0.6 3 5 5 23.0, decreasing the team’s compliance score. Recall that 

meeting the instructors’ wishes means increasing the compliance score, so the algorithm iteratively 
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Figure 1: Instructor’s interface for assigning weights.
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attempts to group students together with similar gPas. From the example earlier (at the end of 

the Multiple-choice question section), if a team is assembled such that all the team members are 

in the same gPa bin (complete homogeneity), then the question score is 0.2, the score-weight 

product is 0.2 3 5 5 21.0, and the compliance score, by being reduced by as little as possible, is as 

large as it can be in this case. again, in Team-Maker Version 1, specific numeric values of compli-

ance scores have no particular significance; only the relative values of compliance scores among 

teams and from iteration to iteration have significance. 

Optimization strategy. the search for a “best” set of teams is based on the hill-climbing algorithm 

(Russell and norvig 1995), which at best finds local maxima. the cost function of the search is the 

weighted compliance score. Repeating this algorithm from various starting points makes it more 

likely that the maximum found is global, but that cannot be assured.

 the search begins by randomly assigning the entire class to teams of a size selected by the 

instructor. the compliance scores for the first two teams are computed. next, a team-member ex-

change (swap) is made and new compliance scores are computed. if the lowest of the two original 

compliance scores has been improved, the swap is kept; if not, the swap is undone. this process 

is repeated for every combination of paired members of these two teams and then repeated for 

every combination of paired teams in the class. Pseudo-code that explains the swapping process is 

shown in Figure 2. there is a built-in limit of 20 passes through the team-swapping loop because 

convergence is not guaranteed. 

the result of these 20 passes is a set of teams with the highest minimum team compliance score 

(the max-min) for a particular starting condition. this approach makes the worst-fitting team have as 

good a fit as possible. Because the algorithm started from a particular random assignment of students 

to teams, the max-min score is at best a local maximum. thus the random assignment of students 

to teams as a starting point is conducted multiple times, creating a team formation, or “outer”, loop 

Figure 2: Pseudo-code for the team-member swapping procedure.

http://advances.asee.org


SPRING 2010 15 

AdvAnCes In engIneerIng eduCATIon

design and validation of a Web-Based system for Assigning Members  

to Teams using Instructor-specified Criteria

that repeats the team-swapping process. if the new max-min compliance score is greater than the 

previous max-min score, then the set of teams from the second iteration is saved; if not, the set of 

teams from the first iteration is kept. this “outer” iterative loop is repeated 50 times. 

idiosyncrasies of the algorithm include:

l the algorithm runs through all students in all teams in order in every pass.

l the algorithm does not specifically try to improve the score of the lowest team—it just runs 

through all possible pairs of teams and tries member swaps; if the lower score between those 

two teams improves, then it keeps the swap.

l the built-in limit of 20 passes through the team-swap loop is necessary because of the pos-

sibility of infinite loop swapping, i.e., a swap improves the two teams under immediate con-

sideration but gets undone by later swapping.

l the “outer” loop limit of 50 was found to be effective through experimental trials. additional 

iterations did not seem to significantly improve the minimum compliance score and, for the 

size of the classes being tested (30 students in a class, teams of 4 or 3), 50 iterations were 

not computationally expensive. 

Recently, the 50-trials outer-loop limit has been found acceptable even in large classes, as 

the program typically converges within 20 minutes with a class size as large as 1500. while 

additional iterations of the outer loop limit help ensure finding the highest possible compli-

ance score, that improvement comes at the cost of additional computational time. the 50 

iterations used by the algorithm provides acceptable results (as shown below) in a reasonable 

time-time that is offset by the time saved by automating team assignments. Further, auto-

mated team assignment can be run as a background task on the instructor’s computer while 

the instructor engages in other work, because the intensive computation is performed by a 

remote computer. 

Summary statistics for the instructor. once a “best” set of teams is found, a set of summary 

statistics is reported to the instructor. if the assigned teams are not to the instructor’s liking, he or 

she can assign new question weights, obtain a new set of teams, review the summaries, and repeat 

until the assignments are satisfactory. 

the summaries include both numerical statistics and graphs of the response distributions for 

each question. these team-by-team summaries serve as measures of how well the teams meet the 

instructor’s team-formation criteria. For example, Figure 3 (from Team-Maker Version 1) shows a 

representative team’s summary of responses to a question asking for their grades in a prerequisite 

course. this is a team of four in which one student (25%) reported an “a”, one student (25%) reported 

a “B1”, and two students (50%) reported “B or c1”. if the instructor desired team heterogeneity of 

this attribute, then this team is satisfactory. 

http://advances.asee.org
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Figure 3: A representative team’s prerequisite-grade summary. 

Figure 4: A representative team’s schedule-compatibility summary.
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Figure 4, also from Team-Maker Version 1, shows a representative team’s summary of responses 

to the schedule-compatibility question. the hours marked “1” through “10” correspond to “first hour” 

through “tenth” hour—an idiosyncrasy of the class schedules at Rose-hulman institute of technol-

ogy. (For broader applicability, Team-Maker Version 2 simply uses the normal hours of the day.) 

all boxes labeled “0%” indicate times at which all members of the team are free to meet outside 

of class; boxes labeled “100%” indicate times at which all team members are busy and are unable 

to meet for team work. For the team shown, the members have 34 time blocks in common (this 

is the summary from which table 1 was taken). More importantly, the summary shows that there 

are five blocks of time during the week during which all four team members have three hours or 

more available to meet. this attribute of schedule compatibility is not purposefully sought by the 

Team-Maker algorithm, hence the importance of the summary (when viewed by both faculty and 

students). if this team had not had at least one or two of these 3-hour blocks of time, the instructor 

would very likely deemed this an unsatisfactory team assignment and would increase the weight of 

the schedule-compatibility question and re-run the algorithm. 

the summary statistics generated by Team-Maker will be useful for research to model how 

individual and team-level variables affect team performance or other dependent variables of the 

researcher’s choice. once Team-Maker Version 2 establishes compliance scores that have absolute 

rather than relative meanings, researchers will be able to use the team’s question scores and com-

pliance scores as independent variables predicting outcomes of interest. additional details of the 

Team-Maker interface are available (cavanaugh et al., 2004).

TeSTING The vAlIdITy of The TEAM-MAKER AlGoRIThM

the success of the Team-Maker (Version 1) software at meeting its objectives was tested in a 

study conducted at Rose-hulman institute of technology during the spring 2003 semester. three 

instructors, teaching 86 students in four sections of a sophomore-level system dynamics course, 

formed teams in their own sections using student responses to a paper-and-pencil survey asking 

questions about the students’ engineering disciplines, gPas, grades in a prerequisite course, schedule 

compatibility, and gender. the students were primarily mechanical engineering, electrical engineer-

ing, and computer engineering majors. students were assigned to teams to do work associated with 

the weekly 3-hour lab period. a total of 24 teams were assigned. 

Later that summer, the paper-and-pencil survey responses from the quarter were transcribed 

to the Team-Maker program. new teams were assigned using Team-Maker and the resulting set of 

24 compliance scores—the “automated set”—was recorded. then the program feature allowing 

http://soa.asee.org/paper/conference/paper-view.cfm?id=20366
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manual team assignment was used to reassign teams to match the set originally (and manually) as-

signed by the three instructors, producing a “manual set” of 24 compliance scores. in all cases, we 

sought to form teams of four with heterogeneous disciplinary interests in which women were not 

outnumbered and student schedules were compatible. the comparison of the two sets of compli-

ance scores is our validity test. 

since we are comparing the performance of the software to the performance of only three in-

structors, our validity test has a sample size of three, suggesting a need for future work in which the 

performance of the software is compared to the team-assignment performance of a larger sample 

of experienced instructors. 

the comparison of the descriptive statistics of the two sets of compliance scores are shown in 

table 2; higher scores are better. the mean compliance score for automated team creation is 8% 

higher than the mean score for teams created manually. what may be of even greater importance, 

however, is that the lowest compliance score for the teams created by the automated system is 

29% higher than the lowest compliance score for the teams created manually. this means that the 

team that least meets the specified criteria comes considerably closer to meeting the instructor’s 

criteria with automated team selection. 

as shown in table 2, the standard deviation for the automated process is less than 1/3 that of 

the manual selection, meaning that the automated process meets the specified criteria much more 

consistently than do the experienced instructors. Figure 5(a) illustrates that the raw compliance 

scores for the instructor-assigned teams have a greater range than the compliance scores for the 

Team-Maker-assigned teams. this result is consistent with the max-min logic of the Team-Maker 

algorithm, which attempts to maximize the score of the lowest-scoring team, even if it means lower-

ing the score of the highest-score team. therefore, as shown in table 2, the manual assignment did 

have a higher maximum compliance score than the automated assignment did. however, because 

the objective of team assignment is to balance teams according to the specified criteria, having 

Table 2: Comparing automated to manual team assignments, all sections.
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one or a few teams that very closely meet those criteria while other teams are highly deficient is 

not beneficial for the learning environment.

we use an unpaired t-test to determine statistical significance. the “manual set” of 24 teams is 

independent of the “automated set” of 24 teams, even though they are assigned from the same 

pool of 86 students. assuming the scores are normally distributed, the mean automated score is 

32.43 6 0.55 and the mean manual score is 30.01 6 1.86, both with 95% confidence. this gives a 

95% confidence interval of [31.88, 32.98] for the automated teams and [28.15, 31.87] for the manual 

teams. Because the confidence intervals do not overlap, the difference of 2.42 in the means is sta-

tistically significant. thus, the difference in means is significant for a , 0.05—evidence that Team-

Maker (Version 1) forms teams that are a better fit to the criteria than teams created by these three 

experienced instructors. the lower variability of the compliance scores of the automated system 

(as measured by range and standard deviation) is evidence that the instructors’ team-formation 

criteria are met more consistently by the program than by the instructors. these results are pre-

sented graphically in the box plot in Figure 5(b).

the closeness of the average automated score to the average manual score is one indication that 

the heuristics are achieving the instructor’s objectives in forming teams, thus establishing concurrent 

validity of the Team-Maker algorithm. the application creates teams that meet the instructor-speci-

fied criteria both better and more uniformly than teams assigned manually by the instructor. table 

3 shows the results for each section separately. For every section, the automated heuristic score is 

greater and the standard deviations are smaller than the scores and deviations for the teams created 

manually, which is further evidence that the improved results are consistent.

Figure 5: Compliance scores of manual and automated team assignments.
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CRITeRIA foR TeAM foRMATIoN

having demonstrated that the Team-Maker program can reliably assign members to teams based 

on instructor-specified criteria, we address our choice of criteria. we also briefly review literature 

related to criteria that instructors should consider when using the program to assign students to 

teams, particularly in undergraduate engineering classes.

Brickell and colleagues (1994) compared teams formed with all possible combinations of heteroge-

neity vs. homogeneity of ability and heterogeneity vs. homogeneity of disciplinary interest. the two 

combinations with one factor heterogeneous and the other homogeneous had significantly higher 

group grades than a comparison group of self-selected teams. Further, the teams formed this way 

developed better attitudes about the course and its administration, and made more efficient use of 

time spent on course work than the other types of teams in the study. the value of some providing 

some homogeneity in team formation may be in creating team cohesion (wolfe and Box 1988; hogg 

1996; gosenpud and Miesing 1984; Jaffe 1990). distributing members to teams based on heteroge-

neity of ability (typically measured by gPa or a previous course grade) has been found to improve 

the average performance of teams (heller 1992). the active and cooperative learning literature finds 

support for the learning benefit of forming teams of heterogeneous ability (hake 1998). while teams 

with higher average cognitive ability among the team members consistently perform better (horwitz 

2007), creating teams of homogeneous ability would have a negative effect on teams comprised of 

lower-functioning students.  hilborn (1994) provides further (anecdotal) evidence to support the 

practice of forming engineering student teams on the basis of heterogeneous ability. 

the value of disciplinary heterogeneity is highly dependent on the context—it should enhance 

team performance if the team’s task requires a multidisciplinary team. in engineering education 

contexts, pressure from accreditation criteria (aBet 2000) makes heterogeneity of discipline 

preferable whenever feasible (o’doherty 2005; wesner et al. 2007). additional benefits of disciplin-

ary diversity are increased team-member participation and more communication within the team 

Table 3: Comparing automated to manual team assignments, by sections.
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(cohen 1995; Jacobson 2001) as well as improved knowledge transfer in multidisciplinary problem 

solving teams (Fenner 2001).

some researchers assert that gender and race must be considered when forming teams in engi-

neering education contexts (Rosser 1998; tonso 2006). heller and hollabaugh (1992) observed that 

the voices of female students (even those having the highest ability on a team) tend to be silenced 

if they are outnumbered by dominant male voices in a group. cady and Valentine’s (1999) research 

suggests that members of underrepresented groups experience a similar loss of voice if they are 

outnumbered. however, if gender and race are used as criteria for team assignments, it is impor-

tant for faculty to avoid drawing attention to (“spotlighting”) differential treatment of women and 

minorities (McLoughlin 2005). For a more detailed discussion of using gender and race in engineer-

ing team formation, see (cordero 1997; haag 2000). For a discussion of the complex mechanisms 

through which demographic composition might affect team performance, see harrison et al. (2002) 

and Rentsch and Klimoski (2001). however, a 2007 meta-analysis found no significant affects of 

bio-demographic diversity (age, gender, and race/ethnicity) on the quantity of team performance 

in the 3 studies that examined it, and no significant effect on quality of team performance for the 

14 studies that examined that relationship (horwitz 2007).

Regardless of what challenges a team faces, team members must interact to address them. this requires 

at least some degree of schedule congruence. up to 90% of student teams have difficulty finding a common 

time to meet (Jaffe 1990). certainly, the challenge of finding a common meeting time increases with the 

team size. the Foundation coalition for engineering education (coalition 2002) recommended forming 

teams that have common time in their schedules to meet, and that teams establish meeting times early in 

the semester before extracurricular commitments complicate the students’ schedules. although schedule 

compatibility problems are a common complaint among students, there is little research on this criterion.

additional engineering literature on team assignment describes research (ogot and okudan 2006; 

hunkeler 1997; Mccaulley 1983, 1985; tonso 2006) and practice (Jack 2007; salama, Rizkalla, and yokomoto 

2004; Brewer and Mendelson 2003; drnevich 2007) on other criteria that could be considered when form-

ing teams such as practical experience, personality type, and learning style. Literature from management 

and psychology shows that team composition criteria that may affect learning and team performance are 

varied and have complex direct and indirect effects (stewart 2006; gibson 2003; hamilton 2003).

CoNCluSIoNS ANd SuGGeSTIoNS foR fuTuRe ReSeARCh

this paper described the development and validation of the Team-Maker program for the assign-

ment of students to teams based on criteria that instructors specify. the results indicate that the 
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program is able to accomplish team-assignment tasks more effectively than experienced instructors. 

in addition, the program dramatically decreases the instructor time required to assign teams, making 

it possible for instructors to assign teams based on many criteria, even in large classes. important 

benefits of the Team-Maker system are automating the team-assignment process, allowing faculty 

time to explore multiple solutions to the problem; increasing the likelihood that instructors’ team-

formation criteria are met consistently and to a greater extent than with manually-assigned teams, 

and providing a “compliance score” to assess the extent to which those criteria are met.

while the results presented here show that Team-Maker is already an effective and efficient 

means of assigning students to teams, there is still room for improving its algorithm. some parts of 

the question scoring algorithm do not use the full range of the score scale. in the case of choose-

any-or-all questions, for example, a completely homogeneous team has a score of nearly 0.5, rather 

than 0. improved scoring algorithms are implemented for Team-Maker Version 2, and results from 

testing the new scoring algorithm will be published later. (Version 2 is the current, supported ver-

sion of the software—Version 1 is no longer supported.)

Team-Maker Version 2 addresses some of the idiosyncrasies of the hill-climbing algorithm. after 

the initial random assignment, the teams are ordered by compliance score, lowest to highest. then, 

starting with the lowest scoring team, a swap is tried. if the swap is successful (improves the lowest 

compliance score), then the teams are re-ordered, and the algorithm continues with the new low-

est-scoring team. once the lowest score can no longer be improved, the algorithm moves on to the 

next lowest scoring team, and so on until no improvements can be made. this approach improves 

the compliance score of all teams and is certain to converge. 

Future research could examine the effects of cost functions other than maximizing the minimum 

compliance score, for example, minimizing the total deviation from the mean or minimizing the 

sum of the squares of the deviations. one could explore the sensitivity of the results to the type of 

cost function and compare the descriptive statistics of teams resulting from and the computational 

expense of different cost functions. 

Future work might also include a new validity test to compare the performance of the software 

to the performance instructors experienced in manually assigning students to teams, where the 

size of the sample of instructors is larger than our sample of three. such research would likely be 

based on Team-Maker Version 2. 

additional research is also needed to better understand how various team formation criteria affect 

student learning. there may be complex interactions among criteria that have not been considered 

in past research. the Team-Maker program will facilitate future research on how team formation 

strategies affect team success and student outcomes, both by making team assignments easier and 

because the survey function and summary statistics provided in the Team-Maker system will make 
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collecting data easier. it is important to note that although Team-Maker was developed for assigning 

students to learning teams, the program will work for any type of team assignments. thus, Team-

Maker could be used to facilitate team-related research in non-academic contexts. 

we believe the risks of allowing student teams to self-select outweigh the benefits, especially in 

classes early in the curriculum, when students have both the least expertise and the least knowl-

edge of other students. we suggest that automated team formation by Team-Maker is an excellent 

compromise, in that students still have input to the process. today’s students have a high level of 

comfort with technological solutions and are likely to welcome this solution and see it as fairer and 

less biased than team assignment by instructors. enhancements to the Team-Maker system are 

ongoing. a new user interface coordinates Team-Maker with the Comprehensive Assessment of 

Team-Member Effectiveness, a web-based peer evaluation system. this provides instructors with a 

comprehensive solution for team formation and team-member monitoring. as development on this 

system continues, we will re-visit the definitions of each heuristic and consider whether additional 

heuristics should be developed to allow additional types of variables to be considered in team for-

mation. in addition to the system’s utility in the classroom for implementing what is already known 

about team formation, the validated software can be used for further research on teams. 

foR MoRe INfoRMATIoN

online resources for readers interested in the Team-Maker and catMe systems include a video 

walk-through with commentary by an expert user, a step-by-step written tutorial, and a sample instru-

ment. in addition, the combined Team-Maker/CATME system is one of two winners of the 2009 Premier 

award for excellence in engineering courseware. the award application includes a discussion of the 

combined system’s student-focused characteristics such as learning objectives, interactivity, student 

cognitive change, use of media, and instructional use as well as software-design characteristics such 

as engagement, learner interface and navigation, and technical reliability. the functional interface is 

free for educational use. interested users can request a faculty account, which is approved after it is 

confirmed that the email address provided corresponds to someone with instructional responsibility.
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