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Research on teaching and learning has demonstrated many benefits from team-
and group-based learning for improving content comprehension and meeting 
learning outcomes in a wide range of disciplines. We help to expand on this 
research, by shedding additional light on the impact of group formation decisions 
on group performance during group learning activities in a higher education 
classroom setting. Our objective is to assess the impact of different group formation 
strategies, including random assignment, self-selection, and methods based on 
individual metrics, such as academic performance and individual skill levels. 
Using an experimental design approach, we find that GPA-based and math-ability 
based group formation strategies may provide some additional benefit to group 
performance on the margin when initially forming groups. Self-selection of groups 
may be more beneficial after students learn more about each other (e.g., skills sets 
and work ethic) during the progression of the course. Our study contributes to 
the literature by providing an assessment of different group formation strategies 
that are accessible to a wide range of instructors for small to large classes, as 
well as guidance on use of different group formation strategies within classes, 
specifically for classes with more quantitative and analytical tasks.
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1 Introduction

There is a strong trend in higher education for instructors to continue to adopt strategies 
designed to promote active and experiential learning, as well as greater student engagement. 
Team-or group-based learning is one such strategy that has proven successful and has become 
widely adopted (Michaelson et al., 2008). This approach involves students working together 
in teams or groups to complete a learning activity that consists of preparation, application and 
assessment components (Michaelson et al., 2002). Research on teaching and learning has 
demonstrated many benefits from team-and group-based learning for improving content 
comprehension and meeting learning outcomes in a wide range of disciplines including 
science, education, economics and business (Haberyan, 2007; Hernandez, 2002; Mcinerney 
and Fink, 2003). Additionally, this approach has proven to be an effective way for students to 
practice and refine their ability to work in a team structure and communicate effectively with 
peers, which happens to be among the most important qualities that employers increasingly 
want in job candidates in the market (NACE, 2022).

While the benefits of team-based learning strategies are evident, a number of important 
concerns are still being raised by instructors with regards to team activity design in general 
and team composition and group dynamics in particular. For example, group composition 
may unfairly affect one group over another due to skills make-up, personality clashes, differing 
perspectives and levels of motivation of individual members (Livingstone and Lynch, 2000). 
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Consequently, some important questions that need deeper 
examination are: What are the optimal strategies for forming learning 
and project groups? Should students be allowed to self-select into 
groups? Should students be assigned into groups by the instructor 
based on individual characteristics? Which configuration of individual 
characteristics (e.g., GPA, skills, gender, diversity, area of interest) 
within a group may result in higher group and individual 
performance? Answers to these questions can provide important and 
useful insights for instructors currently using or planning to 
incorporate team-or group-based learning methods in their courses 
and curriculums. Even with a large academic literature on group and 
team learning, instructors continue to assess these questions to the 
present (e.g., Connell et al., 2023; Fischer et al., 2023; Karimi and 
Manteufel, 2020;Samudra et al., 2024), as answers to these questions 
will be course and context dependent, differing across disciplines and 
educational settings.

Student learning within small groups has been well documented 
in the literature, but this can be  enhanced through thoughtful 
construction of groups to help improve development of skills and 
learning of content within the group (Hwang et al., 2008; Moreno 
et al., 2012). Wang and Kojima (2018) explore the formation of groups 
using different characteristics from a survey of students to capture 
learning characteristics. They propose the use of mathematical 
programming tools to formulate the groups using this data. Hwang 
et al. (2008) and Moreno et al. (2012) both consider the use of genetic 
algorithms in formulating learning groups based on learning 
characteristics of the students and learning criteria set by the 
instructor. Graf and Bekele (2006) develop an ant colony optimization 
problem for the formation of heterogenous groups to help improve 
group performance based on personality traits and student 
performance characteristics. Romanow et al. (2020) examined group 
formation for a business intelligence class for group term projects. 
They based group formation on students’ technology skill set. The 
authors find that forming groups based on skill level helped to 
improve learning outcomes and performance on the group term 
project. Many of these approaches require significant data collection 
and analytical effort for developing groups, which may be prohibitive 
for instructors with heavy teaching loads, research programs, among 
other commitments. In addition, the approaches defined may be out 
of reach for instructors that do not have the prerequisite background 
to use more advanced quantitative techniques.

The purpose of this paper is to assess the impact of different group 
formation strategies on group performance of group activities in 
upper-level undergraduate courses. To achieve this objective, the study 
utilizes a classroom experimental design approach to assess the impact 
of alternative team compositions, based on random assignment, 
academic performance, background skills, and self-selection on group 
performance. We  specifically limit the number of characteristics 
examined in order to research more practical approaches that a wider 
group of instructors could employ in small to large classroom settings. 
Group performance data is collected for two core upper division 
undergraduate classes in agricultural economics to assess the 
differences in group performance across treatment groups and in 
relation to a control group. Both of the courses selected (AGEC 501 
– Data Analysis and Optimization and AGEC 599 – Food and 
Agribusiness Management Strategies) incorporate group-based 
activities that were modified accordingly for conducting the classroom 
experiment. AGEC501 uses group-based activities requiring students 

to apply quantitative skills (linear programming and regression 
techniques) and approaches to solve applied economics problems, 
while AGEC599 uses group-based activities to simulate real-life 
managerial decision-making process through semester-long strategic 
analysis and strategy formulation projects.

We contribute to the literature on this topic in two ways. First, we 
provide an assessment of different group formation strategies that are 
potentially accessible to a wide range of instructors. Second, 
we provide some guidance on the use of different group formation 
strategies within classes, specifically for classes with more quantitative 
and analytical tasks. We find that the GPA-based and math-ability 
based group formation strategies may provide some additional benefit 
to group performance on the margin when initially forming groups in 
quantitative and analytical classes. In addition, we find self-selection 
of groups may be more beneficial after students learn about each other 
(e.g., skills sets and work ethic) during the progression of the course.

2 Methods

2.1 Conceptual framework

We adopt the conceptual model of group developmental stages 
advanced by Tuckman and Jensen (1977) and reviewed by Bonebright 
(2010). The framework helps to identify the underlying pathways and 
mechanisms through which group assignment strategies can affect 
group performance, learning outcomes, and how group formational 
approaches can be beneficial. The Tuckman and Jensen (1977) revised 
model of small group development has five stages: (1) forming, (2) 
storming, (3) norming, (4) performing, and (5) adjourning. In the 
“forming” stage, group members establish relationships with each 
other, become familiarized with the task assigned, set ground rules 
and guidelines, and test boundaries for interpersonal communications. 
The second stage, “storming,” is characterized by interpersonal 
conflict, lack of unity in the group, and polarization, as the group 
learns to work together. The third stage, “norming,” is when the group 
begins to develop cohesion and a set of roles and norms for interacting, 
behaving, and completing tasks. The fourth stage, “performing,” is 
where the group finds cohesion and tasks get completed. In this stage, 
members may have defined roles, but the roles are flexible and 
functional. In the final stage, “adjourning,” separation occurs, and the 
task is completed (Bonebright, 2010; Tuckman and Jensen, 1977). In 
this study, we chose to specifically focus on the forming stage of group 
formation to assess its impact on group performance, which has a 
subsequent impact on the storming stage of group formation. 
We recognize that mechanisms and strategies exist that can help to 
improve engagement, dynamics, learning, and group performance in 
the norming, performing and adjourning stages (Borek and Abraham, 
2018; Merlin et  al., 2020; Srba and Bielikova, 2014), but that was 
beyond the scope of this study.

During the first stages of group formation, particularly the 
“forming” and “storming” stages, significant transaction costs of 
forming groups or participating in groups that are randomly assigned 
or are determined through self-selection may result. This can increase 
the time in these two stages before groups can move onto subsequent, 
potentially more productive, stages of the small group developmental 
process (Riebe et al., 2016). Transaction costs can include additional 
time getting to know (potential) group members and assessments of 
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skill sets. This uncertainty can lead to additional conflict during the 
“storming” phase, due to conflicting ideas about the views of the 
expected operations in the small group due to what is called 
interpretive uncertainty (Weber and Mayer, 2014). Thus, random 
assignment of group member or group formation via self-selection by 
students may result in additional transaction costs and conflict during 
the “forming” and “storming” phases, especially at the beginning of the 
semester when students may not know or be very familiar with each 
other. If these transaction costs and conflict can be reduced, then more 
time can be devoted to the “norming” and “performing” stages of the 
small group development process, improving group performance.

Based on this conceptual framework, we examine a number of 
hypotheses related to how groups are formed during the forming stage 
of group development and the subsequent impact on group 
performance. These hypotheses include: (H1) group assignment based 
on grade-point average (GPA) of students improves overall group 
performance; (H2) group assignment based on math ability of 
students improves overall group performance; and (H3) group 
formation based on self-selection improves group performance only 
if students had prior opportunities to work together and learn about 
each other’s abilities. Hypotheses H1 and H2 relate to individual 
characteristics used to form balanced groups (e.g., achieving a mix of 
mathematical abilities) and are relative to group assignment based on 
random-assignment and self-selection of groups. Hypothesis H3 is 
based on the idea that if students had prior opportunities to work 
together and learn about each other’s abilities (e.g., small group 
activities have already been used in the class), then the transaction 
costs associated with self-selection will be reduced relative to random 
assignment. Group performance is measured by the group grade 
earned on the group term project and is measured at the group level. 
As mentioned earlier, assessments of group dynamics are left for 
future research and were beyond the scope of the current study.

2.2 Experimental approach

2.2.1 Courses, group projects, and sample
The study examined performance of small groups based on 

different group assignment treatments for two courses: AGEC501 
Data Analysis and Optimization and AGEC599 Food and Agribusiness 
Management Strategies. These two courses provide an opportunity to 
assess our hypotheses in two courses that have different types of group 
learning projects. The primary data collected was obtained during the 
period 2014 to 2017. While the data was collected prior to the 
pandemic, we feel the results obtained here are still relevant, as similar 
research questions to those addressed in this study are still being asked 
in the academic teaching literature related to undergraduate education 
(e.g., Connell et al., 2023; Fischer et al., 2023; Karimi and Manteufel, 
2020; Samudra et al., 2024). In addition, current and past students 
(e.g., millennials) have worked in groups and teams in their classes as 
a norm over the past two decades (Kendall et  al., 2014). Thus, 
we believe the results from this study are still pertinent for group 
formation approaches in undergraduate classrooms today.

2.2.1.1 AGEC501 data analysis and optimization
This is a junior/senior level course required for all undergraduate 

majors in the Department of Agricultural Economics. The course 
introduces students to two quantitative methods used in agricultural 

economics, mathematical programming and regression analysis. The 
first 8 weeks of the course focus on methods and application of 
mathematical programming (e.g., linear programming) to agricultural 
and agribusiness problems and the final 7 weeks of the course focus 
on methods and applications of linear regression to agricultural 
economics, farm management and agribusiness problems. The course 
was taught by one of the co-authors in which the study was conducted 
for two semesters in Fall 2014 and Fall 2015. In 2014, the course had 
44 students (1 sophomore, 9 juniors, 33 seniors, and 1 graduate), of 
which 19% were female, 93% were between the ages of 20 to 24, and 2 
were not majoring in agricultural economics or agribusiness. The 
average cumulative GPA of students was 3.2 with a standard deviation 
of 0.6. In 2015, the course had 68 students (1 sophomore, 13 juniors, 
53 seniors, and 1 graduate student), of which 28% were female, 93% 
were between the ages of 20 to 24, and 1 was not majoring in 
agricultural economics or agribusiness. The average cumulative GPA 
of students was 3.2 with a standard deviation of 0.5.

For the math programming and regression sections of the course, 
students had to complete a group term project that applied the skills 
that they learned. The group term project for the mathematical 
programming portion of the course (LP term project) required groups 
to build and solve a linear programming model in EXCEL for an 
applied case study problem provided by the instructor. In addition, 
groups were required to write a 3-page report that explained the 
problem, presented the linear programming model developed, and 
discussed the results and implications of the solution found by the 
linear programming model. Case studies examined applied problems 
related to product mix, logistic, farm management, financial, and 
scheduling problems. The group term project for the regression 
portion of the course (regression term project) required students to 
develop a lecture that could be presented to the class on an applied 
regression problem related to crop production, livestock production, 
or an agribusiness problem. The project required students to develop 
a Power Point lecture that introduced the topic chosen, presented a 
relevant economic approach to analyzing the chosen problem, 
presented relevant regression and statistical concepts, and presented 
an applied example with data. The applied example portion of the 
project required students to find their own data and work through a 
regression problem in EXCEL using the regression concepts taught in 
the course. For both years in which the course was taught, the group 
term projects represented 30% of a student’s final grade, 15% for each 
term project. Students were not graded individually but received a 
group grade for each term project. For the group projects, students 
were placed in groups of 3 (with 1 group of 2). The groups for each 
group term project were different.

2.2.1.2 AGEC599 food and agribusiness management 
strategies

This is a senior level capstone course required for all agribusiness 
majors in the Department of Agricultural Economics. The course is 
designed to prepare students for professional endeavors that demand 
skills in critical thinking, strategic analysis, and managerial decision-
making. Students learn how the economic principles underscore 
strategic management concepts and frameworks used in strategic 
analysis and strategy formulation. The course content draws on 
knowledge from multiple sources including a textbook, business case 
studies, real-world examples, and guest lectures by agribusiness 
executives. Learning activities include lectures, in-class discussions, 
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strategic analysis of real-world agribusiness firms, strategic plan 
presentations and evaluations. Student learning is assessed through 
homework, exams, individual and group assignments, and term 
project reports. The course was taught by one of the co-authors in 
which the study was conducted for three semesters in Spring 2015, 
Spring 2016, and Spring 2017. In 2015, the course had 68 students (1 
juniors and 67 seniors), of which 26% were female, all students were 
between the ages of 20 to 24, and all students were majoring in 
agricultural economics or agribusiness. The average cumulative GPA 
of students was 3.2 with a standard deviation of 0.5. In 2016, the course 
had 65 students (6 juniors and 59 seniors), of which 28% were female, 
97% were between the ages of 20 to 24, and all students were majoring 
in agricultural economics or agribusiness. The average cumulative 
GPA of students was 3.2 with a standard deviation of 0.5. In 2017, the 
course had 70 students (8 juniors and 62 seniors), of which 41% were 
female, all students were between the ages of 20 to 24, and 1 was not 
majoring in agricultural economics or agribusiness. The average 
cumulative GPA of students was 3.3 with a standard deviation of 0.4.

The group project in AGEC 599 involves a series of business 
research activities, written reports, and oral presentations. At the 
beginning of the semester, students are assigned to groups with four 
or five members in each team. Each group is assigned a business case 
study describing an agribusiness company that is facing a significant 
strategic issue. The groups are responsible for applying concepts 
learned in class to conduct a Strategic Analysis (SA) of the situation 
and based on their findings from the SA, formulate Strategic Plan (SP) 
designed to help improve the firm’s performance. The groups’ 
performance is assessed based on two sets of oral presentations and 
written reports. The first set of presentations and reports is on Strategic 
Analysis due around the midpoint of the semester and the second set 
of presentations and reports is on Strategic Plan due at the end of the 
semester. The group project represents 50% of students’ total grade in 
the course, with 20% allocated to the SA portion and 30% allocated to 
the SP portion. Students are not graded individually for the group 
project but received a group grade for each aspect of the project.

2.2.2 Study design
We examine four different treatments for assigning small groups 

in the two classes for the group projects described. The treatments 
included: (1) random assignment, (2) GPA-based, (3) math ability 
based, and (4) self-selection. This follows other experimental methods 
(e.g., use of treatments and a control) used in the classroom to assess 
the effects of group formation on student and group performance 
(Springer et al., 1999). Use of the group formation strategies adopted 
here as treatments for our study have been discussed in the literature 
(Chen and Gong, 2018; Donovan et al., 2018; Smith and Spindle, 2007; 
Vasquez et  al., 2020). Each of the treatments are summarized in 
Table 1.

To help in forming the groups for each treatment, a survey was 
given to students in both courses at the beginning of the course. The 
survey was used to collect demographic information, GPA, academic 
rank, self-rating of student abilities (e.g., mathematical and 
quantitative), people they may like to work with in the course, and 
types of applied problems they may be interested in. This information 
was used to help with group and treatment assignments for the course 
and study. The study was reviewed, approved and found to be exempt 
by the IRB Committee for human subjects research at Kansas State 
University (IRB#7549). All participating students signed an informed 

consent document indicating the purpose of the project, potential 
risks and benefits, confidentiality, and that participation was voluntary.

To determine what students would be assigned to each treatment 
we used the following procedure. We first assigned each student in the 
class a random number using a uniform random number generator 
and then sorted the students based on the random number assigned. 
Given that we  wanted an equal number of students and groups 
assigned to each treatment, we  first assigned students to the self-
selection treatment, given the nature of this treatment. This was done 
by taking a number of students at the top of the sorted list equal to the 
number of groups needed for this treatment and building the self-
selected groups based on the survey responses for these students of 
who they would like to work with in the class. For example, for 
AGEC501 in 2014, there were 44 students, allowing for the formation 
of up to 15 groups, 3 of which were assigned to the self-selection 
treatment. These three groups were based on groups chosen by 3 
randomly selected students in the class. The students put into these 
groups were removed from the sorted list. The remaining students 
were then randomly assigned to the remaining treatments so that an 
equal number of small groups could be formed for each treatment.

2.3 Data and statistical analysis

The dependent variable and variable of interest in our study is the 
overall grade received by a group for their group project. Thus, the 
outcome variable is measured at the group level and the group is our 
unit of observation. Group grades were reported as a percentage from 
0 to 100. We pooled the data for all years for the analyses. For the 
AGEC501 course, there are two group projects, the LP term project 
and the regression term project. The LP term project dataset had 32 
group observations with an average group score of 88.7%, standard 
deviation of 5.3%, and range of 76 to 95.6%. The Regression term 
project dataset had 37 group observations with an average group score 
of 86.9%, standard deviation of 5.1% and range of 77.0 to 98.7%. For 
the AGEC599 there was one group project with two parts, Project Part 
1 and Project Part 2. The Project Part 1 dataset had 39 groups with an 
average group score of 94.1%, standard deviation of 2.8% and range of 
87.3 to 100%. The Project Part 2 dataset had 39 groups with an average 
group score of 95.8%, standard deviation of 2.9% and range of 88 to 
100%. As discussed in the results section, there was needed variation 
across group types and years in the data.

To examine the impact of the group assignment treatment on group 
performance we used linear regression (Greene, 2012). We estimated 
linear regressions for each term project assignment in AGEC501 and 
AGEC5099, resulting in four regression models. Given that random 
assignment was the control, we  included binary variables (or fixed 
effects) to model the marginal effect of the other group treatments 
relative to the control as regressors in the regression models. In addition, 
to correct for potential correlation amongst groups in a given year, 
we estimated standard errors using a cluster robust estimator with the 
cluster being designated by the year the class was taught (Greene, 2012).

To assess if the differences in the project scores are statistically 
significant, we conduct two sets of hypothesis tests. Standard t-tests of 
the coefficient estimates on the treatment fixed effects provide a way 
to examine if the GPA-based, Math ability based, and Self-selection 
treatments were significantly different than the control treatment, 
random assignment (Greene, 2012). To test differences between the 
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GPA-based, Math ability based and Self-selection treatments, 
we  conduct Wald tests of the difference between the estimated 
coefficients of the treatments (Greene, 2012).

3 Results and discussion

Table 2 provides the average group grade as a percentage for each 
treatment for each term project in each of the classes examined. For 
AGEC501, grades differ by year and project type. In 2014, students 
performed better on the LP term project compared to the regression 
term project. In 2015, grades were similar between the two projects. 

In both years, the average grade for the LP term project for the 
GPA-based, Math ability-based, and Self-selection treatments were 
higher than the control (random assignment). In 2014, the GPA-based 
and Math ability-based treatments had higher averages than self-
selection, another often used technique for group formation. In 2015 
though, self-selection had the highest average grade. For the regression 
term project, in 2014 only the self-selection treatment average grade 
was higher than the control (random assignment), but in 2015 all the 
treatments resulted in higher average grades than the control.

For AGEC599, for the first project, both in 2016 and 2017, all 
three treatments (GPA-based, Math ability based and Self-Selection) 
performed better on average than the control, random assignment. In 

TABLE 1 Group formation strategies for treatments in the study design.

Group 
formation 
strategy

Description Data Needs

Random assignment Forming groups using this strategy randomly assigns students to a group by the instructor. For our study, students in 

this treatment were randomly assigned to a group using a uniform random number generator. This treatment serves as 

our control.

GPA-based Assignment of small groups using this method can based on GPA or other grade information. We utilized students’ 

cumulative GPA up to the term prior to the term in which the class is taught. To assign students we developed a binary 

integer linear programming problem that assigned students to a group (see Supplementary Appendix for more 

details). The objective of the linear program was to minimize the average group GPA subject to a constraint of having a 

minimum average GPA per group. Other constraints ensured that a specified number of students would be assigned to 

a group and each student would only be assigned to one group. While the objective of the LP may be counterintuitive, 

it served the purpose of making sure that groups consisted of individuals with a mix of GPAs, with the objective of 

having a mix of student abilities within the group. Sensitivity analyses were conducted so that the minimum GPA 

threshold in the minimum GPA constraint was adjusted upwards until a viable solution with a mix of students with 

different GPAs were assigned to each group and each group had the same average GPA. While we utilized a linear 

programming approach for group formation, an instructor could use a spreadsheet or “pen and paper” to complete the 

group formation process here with the goal of forming groups that have similar average GPAs across groups, with the 

idea of balancing groups so that they include students with a range of GPAs.

Collection of student GPA 

or grade data by surveying 

students or from student 

records (if approved).

Math ability based Assignment of small groups using this method was based on their highest-level math class grade and self-assessment 

of math ability using an in-class survey. This approach could be adapted to other skill needs too. To assign students 

we developed a binary integer linear programming problem that assigned students to a group (see Supplementary 

Appendix for more details). The objective of the linear program was to minimize the average group math ability 

subject to a constraint of having a minimum average math ability level per group. Math ability was an index based on 

the average of 3 indicators: (i) grade in the last math course taken (5 for an A, 4 for a B, 3 for a C, 2 for a D and 1 for an 

F); a self-rating of weak (1) to excellent (5) on the student’s ability to understand and use numbers; and a self-rating of 

weak (1) to excellent (5) on the student’s ability to understand and use logic. Other constraints ensured that only a 

specified number of students would be assigned to a group and each student would only be assigned to one group. 

While the objective of the LP may be counterintuitive, it served the purpose in making sure that groups consisted of 

individuals with a mix of math abilities, with the objective of having a mix of student abilities within the group (e.g., 

lower to higher math abilities). Sensitivity analyses were conduct so that the average math ability threshold in the 

minimum math ability constraint was adjusted upwards until a viable solution with a mix of students with different 

levels of math ability were assigned to each group and each group had the same average math ability. While we utilized 

a linear programming approach for group formation, an instructor could use a spreadsheet or “pen and paper” to 

complete the group formation process here with the goal of forming groups that have similar average level of math 

ability across groups, with the idea of balancing groups so that they include students with a range of math abilities.

Collection of math grade 

data by surveying students 

or from student records (if 

approved). In addition, 

could assess or survey 

students to examine/rate 

needed math skills or their 

perception of their skill 

sets.

Self-selection This approach allows students to form their own groups based on who they prefer to work with. Students were asked 

to specify people they would like to work with in the class (number of people varied based on total number of 

members in the group, e.g., 2 for 3-member groups, 3 for 4-member groups, etc.). For this treatment, a number of 

students equal to the number of groups assigned to the self-selection treatment were randomly selected. Then groups 

were formed based on who the selected students indicated they would like to work with on the group projects.

Students’ preferences on 

who they would like to 

work with or allowing 

students to inform 

you about who is in there 

groups.
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TABLE 4 P-values of statistical tests examining differences between 
group formation treatments using linear regression estimation results for 
group projects in AGEC501 data analysis and optimization and AGEC599 
food and agribusiness management strategiesa.

AGEC501 AGEC599

LP 
Project

Regression 
project

Project 
part 1

Project 
part 2

Random vs. 

GPA-based
0.13 0.62 < 0.0001 < 0.0001

Random vs. 

Math ability
0.02 0.37 0.14 0.09

Random vs. 

Self-selection
0.002 0.09 0.40 < 0.0001

GPA-based vs. 

Math ability
0.45 < 0.0001 0.87 0.003

GPA-based vs. 

Self-selection
0.33 < 0.0001 0.93 0.12

Math ability vs. 

Self selection
0.31 0.02 0.99 0.53

Significant differences are bolded, p < 0.10.
aStatistical tests were based on significance of regression coefficients which capture relative 
differences between the random treatment and the other treatments (first three rows) and 
the remaining were conducted using Wald tests testing differences between coefficient values 
(last three rows) (Greene, 2012).

2015, the Self-Selection average group performance was lower than 
the random assignment control. These trends hold for the second part 
of the group project (Project Part 2), but in 2015 the Self-selected 
groups performed better on average than randomly assigned groups 
and groups formed based on math ability performed worse on average 
than those formed based on random assignment of group members. 
The differences in average group performance across treatment in 
2015 may arise from differences in class make-up and 
classroom dynamics.

Table 3 reports estimation results for linear regressions of 
group project performance for each group project in each of the 
classes. Coefficient estimates on the treatment effects can 
be interpreted as the marginal change in the group grade relative 
to the control of random assignment. Table 4 reports p-values of 
t-tests and Wald tests used to test if treatment effects were 
significantly different from the control and between each 
treatment. p-values that are less 0.10 are bolded and indicate that 
the estimates obtained are significantly different at the 10 percent 
level of significance.

For AGEC501, regression results and statistical tests indicate that 
for the LP project, over the 2 years, the Math ability-based and Self-
selection treatments resulted in statistically significant higher grades 
than those groups formed using random assignment by approximately 
1.7 and 3.4%, respectively. No statistical difference was found between 
the GPA-based, Math ability-based, and Self-Selection treatments. For 
the regression term project, the Self-Selection treatment resulted in a 
statistically higher grade by approximately 4.5% relative to having 
groups randomly assigned. These results provide support for 

hypothesis H3, as the regression term project came after the linear 
term project during the semester. That is, self-selected groups formed 
after an initial group project in the class performed better than 
random assignment, and possibly even better relative to the 
GPA-based and math-based treatments. This result may arise due to 
the permanence for group members in self-selected groups for the 
second term project in the class (Samudra et al., 2024). That is, the 
self-selected groups for the regression term project may have taken 

TABLE 2 Average group project grades as a percentage by group 
formation treatment for AGEC501 data analysis and optimization and 
AGEC599 food and agribusiness management strategies by year.

AGEC501 AGEC599

Treatment
LP 

Project
Regression 

Project
Project 
Part 1

Project 
Part 2

2014 2015

Random 

assignment

90.6 86.7 92.2 98.2

GPA-based 93.1 82.2 93.8 98.7

Math ability based 93.8 85.7 95.1 97.5

Self-selection 92.7 87.9 91.1 99.2

2015 2016

Random 

assignment

84.5 84.7 93.4 94.2

GPA-based 85.2 85.6 95.1 96.7

Math ability based 86 90.2 93.8 96

Self-selection 88.7 91.2 94.7 96.3

2017

Random 

assignment

93.2 92.3

GPA-based 95 93.8

Math ability based 94.4 94

Self-selection 96.8 93.9

TABLE 3 Linear regression estimation results and fit statistics for group 
projects for AGEC501 data analysis and optimization and AGEC599 food 
and agribusiness management strategies.

AGEC501 AGEC599

Variable LP 
project

Regression 
project

Project 
part 1

Project 
part 2

Coefficient estimatesa

Intercept 87.3***

(3.2)

85.5***

(1.00)

93.14***

(0.46)

94.6***

(1.68)

GPA-based 1.48

(0.95)

−1.37

(2.74)

1.44***

(0.16)

2.08***

(0.40)

Math ability- 

based

1.68**

(0.68)

2.96

(3.25)

1.30

(0.86)

1.20*

(0.70)

Self-selection 3.44***

(1.04)

4.50*

(2.62)

1.32

(1.56)

1.58***

(0.27)

Fit statistics

R2 0.05 0.20 0.05 0.07

n 32 37 38 38

aClustered standard errors are reported in parentheses and clusters where based on years 
class was taught. *,**,*** denotes statistical significance at the 10, 5 and 1 percent levels of 
significance.
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advantage of knowing who they work well with in the class and chose 
to continue to work with those students.

Groups formed based on math ability and self-selection had 
grades approximately [2.96 – (−1.37)] = 4.3% and [4.5 – 
(−1.37)] = 5.9% higher than groups formed using a student’s GPA. In 
addition, the groups formed using self-selection had grades that were 
(4.50–2.96) = 1.5% (statistically significant at a 5% level) higher than 
those formed using students’ math ability. Based on results for 
AGEC501, there is evidence in support of H2, but evidence for H1 is 
less clear. Our results are comparable to those in the literature. Moreno 
et al. (2012) found that forming groups based on group member traits 
and skill levels resulted in better group grades for a problems-based 
exercise in a computer programming class, similar to the type of term 
project used in AGEC501. This finding was relative to performance 
using more traditional group formation methods of random 
assignment and self-selection.

For AGEC599, for the first part of the term project in the course 
only the GPA-based formed groups had a grade that was statistically 
greater than the control (by 1.4%). Grades from groups formed using 
non-control treatments were not statistically different from each 
other at a 10% level of significance. For the second part of the group 
term project in AGEC599, the story changes. The GPA-based, Math 
ability-based and Self-selected groups performed statistically better 
than randomly assigned groups by approximately 2.1, 1.2 and 1.6%, 
respectively. When comparing the three treatments against each 
other, only the GPA-based group formations performed statistically 
better when compared to groups formed using math ability (by 
0.7%). The results in AGEC599 do provide some evidential support 
for hypotheses H1 and H2. Chen and Gong (2018) find that group 
selection based on self-selection or traits/skills resulted in better 
overall group performance when compared to randomly assigned 
groups. Their study examined a group project in a large 
undergraduate class at the National University of Singapore. The 
group project was worked on throughout the class and represented 
a significant portion of the students’ grade, similar to the group 
project for AGEC599.

4 Conclusion

We examine the impact of different group formation treatments 
on group performance for group projects in two upper-level 
undergraduate courses at a land grant university. We  examined 
different group formation strategies, including random assignment as 
a control, GPA-based, math ability-based, and self-selection. 
We sought to test three hypotheses and found that group formation 
based on GPA, math-ability, and self-selected based groups can 
improve group performance, which has been confirmed in other 
studies examining instructor-based group formation strategies (e.g., 
Vasquez et al., 2020). In addition, self-selected groups may perform 
better than the other treatments for group projects that are formed 
after initial group projects have been conducted in a class.

From the research conducted there are a few key takeaways. First, 
group performance for initial group projects in a course (e.g., at the 
beginning of the semester) may benefit from being based on student 
attributes, such as GPA or math ability, or social networks (i.e., self-
selection). Such an approach helps to reduce transaction costs to 

students, helping to minimize time and potential conflicts during the 
forming and storming phases of group formation. Second, when forming 
groups, after initial group projects, assignments or activities have taken 
place, (i.e., later on in a semester), instructors may consider groups self-
selecting. Results here support the benefits of this, as the self-selected 
groups for the regression term project (the second group project that 
semester) in AGEC501 performed better than the other treatments on 
average. In this situation, students may have formed social networks that 
allow them to assess other students’ abilities and build relationships that 
substantially lower the transaction costs and processes associated with 
the forming and storming phases of group formation. Premo et al. (2022) 
and Gašević et al. (2013) indicate the importance of learning about your 
classmates through your progression of courses and social ties that form 
through social networks in group and class performance. Third, 
we  provide an approach that allows for group formation based-off 
readily available or surveyable data, rather than more complex group 
formation approaches proposed in the literature. While we do provide a 
math programming model for helping with group formation that can 
be implemented, instructors could adopt this approach putting pen to 
paper with some simple calculations to achieve the same results.

There do exist some limitations to the study conducted that 
should be taken into consideration, as well as suggestions for future 
research. The study does examine junior/senior level core agricultural 
economics courses at a land grant university. While there are some 
diffferences in student rank and experience, past studies have found 
at times that this may not always result in significant differences in 
performance (Springer et al., 1999). Results may differ though in 
other courses, such as in the humanities or natural sciences. 
Application of the approaches utilized in this study may be dependent 
on learning, cultural, educational, and social contexts. Thus, results 
should be interpreted in light of differences across these contexts 
(Smith and Spindle, 2007). We do expect though that some of the 
findings here will still be pertinent for instructors to consider for 
group composition when using group activities in their courses. The 
cited literature, which examines some of these other settings, supports 
the findings in this study. Differences in learning, cultural, 
educational and social contexts provide different avenues for future 
research, as well. We  did not fully explore the impact of group 
composition or dynamics on group performance, which is another 
important factor and an area for future research. Past literature has 
shown that diverse and purposeful group composition and internal 
group dynamics can have a positive impact on student learning, 
engagement and performance. In addition, other practical methods 
for forming groups that have low transaction costs (e.g., reduced time 
in and out of class for setting-up groups, no requirement for 
significant data collection, data is readily available through a learning 
management system if needed, group formation procedures are clear, 
etc.), are not too computationally or time intensive, and improve 
group performance, such as student interests, personality metrics, 
amongst others, should continue to be explored. Our study adds to 
this growing literature by providing a practical and useful way to 
form groups in a course that we feel has lower transaction costs than 
other proposed methods suggested in the literature. In addition, our 
approach can help improve group functioning and performance at 
the beginning of a semester or term by helping to reduce the 
transaction costs for students in working as a group in the forming 
and storming phases of group formation.
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