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Abstract

This action research investigation studied the impacts that teaching specific group processes to
cooperative learning groups had on students’ success in a middle school STEM classroom. The
participants of this study were fifth grade students enrolled in a STEM course. During the five
weeks of this study, students were explicitly taught how to create accountability and
interdependence in their cooperative learning groups by learning about specific group roles and
communication strategies. Data was collected through weekly self-reflections, videos, teacher
observations, daily exit slips, and pre- and post-assessments. The results of this study indicated
that students were more engaged in their tasks, gained better understanding of certain portions of
the engineering design process, and created positive interdependence within their groups.
Because of these conclusions, the researcher suggests the following courses of action: utilizing
pre- and post-assessments to help determine students’ content understanding, specifically
teaching group roles and interdependence strategies, allowing for student reflection, and
monitoring learning groups for accountability and interdependence.

Keywords: cooperative learning groups, group processes, engineering design process,

interdependence, accountability, engagement
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The world today is entirely connected. New technologies have made communication with
the rest of the globe commonplace, and new careers are being created daily that require this
global communication. In fact, nearly all 21st century careers require communication,
collaboration, and teamwork. Because of this progression in the professional sector of society,
educators need to help their students develop new “21% century” skills.

Teaching pedagogies, curricula, and courses themselves have changed to help teach
students the 21st century skills that will be required of them once they enter the workforce. A
focus on critical thinking, collaboration, creativity, and communication has been emphasized
along with the incorporation of science, technology, engineering, and mathematics (STEM) in
many school systems. This focus has encouraged teachers to adapt to a new style of teaching in
which students work more closely with one another in teams, utilize more communication skills,
and are given more accountability for their learning.

While creating classrooms where students collaborate and communicate is essential to
developing 21st century skills and a deeper understanding of content, teachers do not always
explicitly teach students how to successfully collaborate and communicate with one another. If
students do not understand how to work cooperatively, effectively communicate, or be a
productive team member, then learning groups are not serving the purpose for which they were
intended, and students are not developing the desired skills. With direct instruction on
collaboration and communication, students can gain the tools they need to be successful in
groups and teams thus, increasing their understanding of 21st century skills.

As courses in STEM become increasingly popular in school districts, there is a greater
need for students to understand how to work collaboratively. This skill is essential to be

successful throughout students’ academic careers and beyond. However, there is much debate
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over how cooperative learning groups should operate within a classroom, resulting in a need to
evaluate how groups are formed and their roles in student learning. Particularly, how students
create interdependence and accountability within groups needs to be addressed. With that in

mind, the research questions guiding this study are as follows:

1. In what ways, if at all, does teaching group processes to 5th grade cooperative learning
groups affect their opinions of group work?

2. Inwhat ways, if at all, does teaching group processes to 5th grade cooperative learning
groups affect their engagement when working in groups?

3. Inwhat ways, if at all, does teaching group processes to 5th grade cooperative learning

groups affect their overall understanding of the engineering design process (EDP)?

Theoretical Framework

Two theories provide the framework for this action research: social interdependence
theory and 21st century skills. Social interdependence theory has changed over time. Originally
developed by Morton Deutsch (1949), the theory states that the success of a group is dependent
on the way its members work together towards a common goal. Within the group’s interactions,
there are often both positive and negative interdependence. Positive interdependence results
when the actions of individual group members benefit the group, resulting in the achievement of
the group’s common goal. Negative interdependence results when the actions of individuals
prevent or limit the success of the whole group (Deutsch, 1949; Johnson & Johnson, 2009).
Ultimately, the accomplishments of a group depend on the interactions between each member,
and the group’s level of success is dictated by how those members interact (Johnson & Johnson,

2009).
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The social interdependence theory creates the framework for cooperative learning
groups. This theory states that an "intrinsic state of tension in group members motivates
movement toward the accomplishment of the desired common goals™ (Johnson, Johnson, &
Smith, 2007, p. 29), Johnson, et al. (2007) address the idea that student groups are more
motivated to reach their goals when each member is reliant upon the other. When individual
goals are impacted by the actions of others, students are more willing to do their share of the
group work and fulfill their role (Johnson, et al., 2007, p. 29). To ensure that groups are effective
and attain this social interdependence, it is essential for educators to understand cooperative
learning and its benefits, review prior methods used in creating groups, and teach the group
processes that make cooperative learning successful.

Twenty-first century skills also influenced this action research project. 21st century skills
do not center on content, but instead focus on teaching students the life and career skills that will
prepare them to participate in a global society. These skills are commonly referred to as the 4C’s
and include critical thinking, communication, collaboration, and creativity (P21, 2019). Teaching
these concepts promotes literacy in civic, financial, health, and environmental issues and helps to
create global awareness (P21, 2019).

Social interdependence theory suggests that students who have specific roles and
understand the importance of accountability to one another in cooperative learning groups will
see more success because they are working towards a common goal (Johnson & Johnson, 2009).
STEM students in this study were observed to determine whether learning about social
interdependence causes them to be more successful in their learning and comprehension of the
engineering design process. The 21st century skills of critical thinking, communication,

collaboration, and creativity were also observed throughout this research. To be successful in
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cooperative learning groups, STEM students need to be able to communicate and collaborate in a
positive way and to establish the interdependence necessary to succeed as a group.
Review of Literature

Cooperative learning groups are critical components of a successful classroom. While
many teachers use student groups for instructional purposes, not all groups are beneficial to
student learning (Johnson & Johnson, 1999). For instance, in pseudo-learning groups students do
not want to be working together, and competition develops within the team (Johnson & Johnson,
1999; Johnson & Johnson, 2000). Traditional learning groups are ones in which students accept
that they must work together but do not necessarily see themselves as a cohesive unit. When
working in these types of groups, certain students may take control of every task while others
may become uninvolved completely. Higher achieving students often cannot reach their full
potential in groups with this dynamic (Johnson & Johnson, 1999). According to extensive
research by Johnson & Johnson (1999), cooperative learning groups differ from traditional
learning groups in that the students are working collectively towards the same goal with the
understanding that their role in the group will impact the success of others. In this formation,
students work hard to discuss content with one another and ensure that each member understands
the material. These cooperative groups result in higher performance and achievement for all
students (Johnson & Johnson, 1999).

While cooperative learning is described in many ways, an agreed-upon definition is
students working together towards a shared goal. In this style of learning, each member
understands their role in meeting that goal (Johnson & Johnson, 2000; Johnson, et al., 2007;
Palincsar & Herrenkohl, 2002; Fong, 2010; Felder & Brent, 2016). While students are working

together to achieve a goal, there are also five key characteristics that need to be present for a
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cooperative learning group to be successful. First, positive interdependence, in which students
are collaborating and relying on one another, is crucial (Johnson, et al., 2007; Johnson &
Johnson, 1999; Felder & Brent, 2016). While this interdependence is critical, it is also necessary
for individual students to be held accountable within the group. The instructor can do this via the
assessment and grading of the group (Finelli, Bergom, & Mesa, 2011). Additional factors in
maintaining a healthy cooperative learning group include: allowing for productive group
discussion and information processing to occur, building and teaching strong social skills to each
group member, and allowing the opportunity for positive face-to-face interactions to occur
(Finelli, et al., 2011).

When cooperative learning groups include the above characteristics, there are many
benefits for students. Finelli, et al. (2011) reported that students had increased levels of retention
and were able to access higher order thinking skills when they were a part of a cooperative
learning group (Johnson, et al., 2007). Students also learn more material overall and develop
skills such as accountability, giving feedback, and supporting the learning of others. (Johnson, et
al., 2007; Johnson & Johnson, 2000; Felder & Brent, 2016). When students are in a productive,
cooperative learning group, they are actively engaged in learning, and the amount of disruptive
behavior decreases (Johnson & Johnson, 1999). Benefits of cooperative learning move beyond
the classroom and into the social lives of students. Students who work in cooperative learning
groups see an improvement in their social skills, report higher levels of social support from their
peers, and demonstrate higher levels of self-esteem (Johnson, et al., 2007).

Because of its many benefits, educators have used many strategies to create cooperative
learning groups and incorporate this style of teaching into their classrooms. This is especially

true in STEM classrooms, where cooperative learning and collaboration are important skills
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(Cheng, Lam, & Chan, 2008). Some specific strategies used in past practices to create
cooperative learning groups include grouping by gender and ability (Dasgupta, Scircle, &
Hunsinger, 2015; Schnitka & Schnitka, 2016).

Gender-based grouping in STEM fields has had mixed results in the literature. According
to Dasgupta, et al. (2015), female students in engineering were positively impacted by groups
that were composed of more females than males. The female learning experience was more
positive when male students made up the minority of the group than when males were the
majority. Female students felt that they were more challenged and less threatened in female-
dominant groups (Dasgupta, et al., 2015).

Despite the above findings, a study of middle school students in an engineering course by
Schnitka and Schnitka (2016) showed how gender-norms are present in cooperative learning
groups composed of different ratios of male and female students. When the group was composed
of all male students, hierarchies based on capabilities emerged. In the mixed-gender groups,
students delegated tasks to one another based on each member’s skillset. In blended groups, both
genders were able to change their mode of interaction based on how other members of the group
responded. However, girls tended to change their mode of interaction more than their male
counterparts (Schnitka & Schnitka, 2016). In mixed-gender groups, girls seemed to change their
style of interaction to be less collaborative and more independent, indicating that girls tend to
overcompensate to gain power (Schnitka & Schnitka, 2016). Overall, for all students to make
gains in a cooperative learning setting, groups should be of mixed genders, thus supporting the
concept of using a mixed-gender structure when creating learning groups (Schnitka & Schnitka,

2016).
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Educators have also created cooperative learning groups based on students' abilities and
cognitive skills. Just as the literature provides conflicting viewpoints related to gender-based
groups in STEM, there is also a discrepancy in the literature regarding the use of ability-based
groups. According to Cheng, et al. (2008), in groups with a mixture of abilities, low achieving
students receive help from high achieving students, and in return, those high performing students
can elaborate on the content. However, other studies contradict this idea (e.g. Robinson, 1990;
Hooper & Hannafin, 1988). As ability level changes, the benefits of mixed-ability grouping
changes as well. High achieving students do not benefit as much from heterogeneous groups as
much as low achieving students (Hooper & Hannafin, 1988). Low achieving students perform
best when in mixed-ability groups and middle-achieving students perform best in groups with
students of similar abilities (Cheng, et al., 2008).

Because of these discrepancies and gaps in the literature, it is difficult to determine
whether creating groups based on ability or gender benefits all students. Claims can be made for
both mixed and similar groupings, with benefits and pitfalls for each (Barkley, Cross, & Cross,
2014). A change in focus needs to be made to determine a strategy for creating cooperative
learning groups that benefit all types of students. Instead of focusing on what students make up
cooperative learning groups, educators need to focus on how cooperative learning groups
function. Before they create groups, teachers must ensure all students understand that using
specific processes within their groups will make their learning more successful. "We cannot just
put children into groups and expect them to work well together" (Blatchford, Kutnick, Baines, &
Galton, 2003, p. 164). Students must be taught social and communication skills prior to engaging
in group work (Blatchford, et. al., 2003; Felder & Brent, 2016). For example, teaching students

how to become interdependent and how to create an environment where students respect one
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another’s perspectives positively affects academic performance (Fong, 2010). Communication
skills, like learning how to build ideas on one another’s ideas, are another vital factor in
successful cooperative learning groups because the ability to communicate encourages
collaboration among students (Rudnitsky, Barclay, & Binger, 2017). Teaching students to ask
questions, understand and accept new perspectives, and provide evidence for their thinking are
skills that will improve group experiences (Rudnitsky, et al., 2017).

In addition to teaching social and communication skills, educating students on how to
take on different roles in their learning groups is critical for success (Cheng, et al., 2008). For
example, teachers can define tasks that eliminate the unequal distribution of work within groups
and require the participation of all students. Leadership can be rotated throughout the group to
allow students to take on different responsibilities, resulting in better cooperation and higher
achievement (Finelli, et al., 2011; Felder & Brent, 2016; Barkley, et al., 2014). The idea that
students are being held accountable for their work and for completing their tasks for the success
of the group needs to be taught to ensure students understand their importance (Finelli, et al.,
2011).

Cooperative learning groups are those in which students work together towards a
common goal. This type of learning is critical in STEM, as collaboration, critical thinking, and
creativity develop through cooperative learning. Cooperative learning groups benefit students
positively when developed properly. Grouping strategies that have been discussed in the
literature include basing groups on ability and gender. However, there are inconsistent findings
related to the success of both kinds of learning groups. Results of various studies have
demonstrated that only certain students benefit from these types of cooperative learning groups.

Explicitly teaching students the processes of creating interdependence, delegating tasks through
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group roles, and holding one another accountable can create cooperative learning groups that are
helpful to all students. These strategies will be the focus of the action research presented in this
paper.

Methodology

The population for this action research study was fifth grade students attending a middle
school in a small, Midwestern city in the United States (N = 122). The sample was
approximately 40 fifth graders, comprised of 20 males and 20 females, enrolled in a STEM class
during the second trimester of the year. STEM is a required class that meets every other day for
the duration of a trimester and the sample is representative of the 5th grade population.

The Teacher Observation Chart was used to record observations regarding on-task
behavior, positive anecdotes, and behavioral redirections to record accountability and
interdependence in groups (Appendix A). The charts were used daily to monitor each
cooperative learning group throughout the lesson. The Flipgrid Video Reflection was used each
week to gather data on group understanding of the engineering design process and collaboration
(Appendix B). In these videos, students answered prompts regarding their use of the design
process as well as positive and negative things that happened throughout the week. The Critical
Thinking Rubric was used to analyze the videos. Each week, students also completed a self-
reflection (Appendix C). This Weekly Self-Reflection was an online questionnaire referencing
student opinions of group work and collaboration and its importance in learning (Appendix D).
These reflections were scored using a Likert scale (strongly agree, agree, disagree, strongly
disagree). Daily Student Exit Tickets asking students to reflect on their cooperative learning
group, how engaged each member was, and any questions they may have that day regarding

STEM were collected (Appendix E). Finally, an Engineering Pre- and Post-Assessment in the
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form of an online quiz was given to assess student understanding of the engineering design
process (Appendix F). These short answer questions asked students to explain the design
process, work through examples of using the method, and explain why it is essential in
engineering.

A specific procedure was used to conduct this action research using the data collection
instruments described. Students were assigned a random ID number (to ensure anonymity) and a
cooperative learning group number. Students took an engineering pre-assessment related to the
engineering design process. This pre-assessment assessed student understanding of content
before group interventions were implemented. Students then filled out a weekly self-reflection.
This provided data about student opinions on group work. Students filled out this reflection
weekly so that changes in mindset and opinions related to group work could be documented.
Specific group processes were then taught using videos and a Google Document presentation.
Students learned about the roles they would have during the project, how to keep each other
accountable, and how to create interdependence in their learning groups. Once group roles had
been assigned, students learned about and used the engineering design process using a Project
Lead the Way robotics curriculum. Specifically, students designed and created a toy using VEX
kit materials following a given set of criteria and constraints. As students worked in groups, the
teacher observed student engagement and recorded this data on a teacher observation chart.
Approximately five minutes were spent observing every cooperative learning group each day. At
the end of each class period, students filled out the student exit slip. At the end of each week,
groups created a Flipgrid video reflection related to group processes and collaboration skills. The

teacher analyzed these videos using a critical thinking rubric. At the end of the unit, students
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took an engineering post-assessment (identical to the pre-assessment) to determine students’
growth in content knowledge related to the engineering design process.

Analysis of Data

The student weekly self-reflection generated both qualitative and quantitative data. The
quantitative data included responses to eight Likert scale statements. Students responded to each
statement on a scale of 1 (strongly disagree) to 4 (strongly agree). This was completed once a
week over a five week period. The answers were broken down into weeks and then sorted
numerically. The amount of responses in each category on the scale were counted and then
converted into a percentage to account for any student absences each week. Percentages for each
of the eight questions over five weeks were then compared to help determine if student opinions

regarding group work changed over time.

The weekly self-reflection included two open-ended, short answer questions which
generated qualitative data. These questions asked for students’ opinions regarding the best and
most difficult parts of working in a group. Answers from each week were coded into common
themes and tracked over the five weeks. The number of responses from each theme was tallied to

compare how student opinions of group work changed over five weeks.

At the end of each class period, students filled out a daily exit ticket. The two main

questions analyzed were:

1. What was one thing that | contributed to my group that showed my individual
engagement in the task today?
2. Was everyone engaged in today’s group activity? If yes, give an example. If not, what

can be done to make it better?
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Answers to these questions were coded and placed into the following categories: positive
interdependence examples, negative interdependence examples, positive engagement examples,
and negative engagement examples. The same type of coding system used for the weekly self-
reflection was used to categorize the exit ticket data. Additionally, this same coding process was
used to code the observations made by the researcher on the teacher observation chart. These
categories were then compared across multiple data collection tools to determine any emerging

patterns over the course of the data collection period.

A weekly Flipgrid video reflection was created by each group to discuss the following
topics: how the group used the engineering design process, what went well that week, and what
were some struggles. As the researcher watched the videos, the engineering design process
responses were evaluated using a critical thinking rubric that ranked understanding on a scale of
1-4 for each step of the design process. The scores were then averaged into a weekly average.
Rubric scores for each group were compared to determine how critical thinking scores may have

changed over time.

Students took the same assessment two times (pre- and post-implementation of teaching
group processes). The assessment was based on the engineering design process. Student answers
were coded, and common themes and concepts were identified for each question in both the
engineering pre- and post-assessments to determine whether changes in understanding occurred
throughout the intervention period. The frequency of answers fitting into these themes before and
after the teaching and implementation of group processes were calculated to determine whether
working in cooperative learning groups impacted the ability of students to learn the engineering

design process.
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Findings

The purpose of this study was to investigate the impacts that teaching specific group
processes had on students’ engagement and academic achievement while working in cooperative
learning groups in a 5th grade STEM classroom. The action research generated both qualitative
and quantitative data using student self-reflections, exit tickets, Flipgrid videos, and teacher
observations that was used to assess student engagement and learning.
Opinions of Group Work

The first research question addressed by this study was: in what ways, if at all, does
teaching group processes to 5th grade cooperative learning groups affect their opinions of group
work? To answer this question, the students’ responses to a weekly self-reflection form and their
responses to two opinion-based questions on the pre- and post-assessment were analyzed. From
the pre-assessment to the post-assessment, a larger percentage of students ranked their ability to
use the engineering design process at a higher confidence level on the post-assessment than on
the pre-assessment (Figure 1). However, there was also a higher percentage of students (9.09%)
that had very low confidence in their ability to use the process on the post-assessment when
compared to the pre-assessment (Figure 1). Before any intervention or assignment took place,
students valued the engineering design process (Figure 2). This percentage dropped through the
time frame in which this study was conducted. In the pre-assessment, a majority of students
ranked the value of the engineering design process as high, with no students giving it a minimal
ranking (Figure 2). In the post-assessment, the opinions of students were more spread out, with a

higher percentage indicating they did not value the engineering design process (Figure 2).
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Student Opinion of Ability to Use Engineering Design Process in
Pre- and Post-Assessments

B PreTest Ability [} PostTest Ability
40.00%
30.00%

20.00%

10.00%

Percentage of Students

0.00%
1 2 3 4 5

Likert Scale Rating

Figure 1. Students’ opinions of their ability to use the engineering design process in a group in a
pre- and post-assessment.

Student Opinion of Value of Engineering Design Process in Pre-
and Post-Assessments

B PreTest Value [l PostTest Value
60.00%

40.00%

20.00%

0.00% .

1 2 3

Percentage of Students

Likert Scale Rating

Figure 2. Students’ opinions of the value of the engineering design process in a group in a pre-
and post-assessment.

Data collected from the weekly self-reflection form suggested that over time, students’

opinions of how group work helped them understand and engage with the content changed.
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Opinions of certain statements improved, while others did not change at all or worsened. During
week 1 of the study, 6.45% of students felt that working in a group does not help them better
understand the content studied. By the end of the study, only 3.45% held this opinion (Figure 3).
There was an increase in the percentage of students that agreed they were more engaged in their
learning increased from week 1 to week 5 (Figure 4). Figure 7 demonstrates that during week 1,
many students agreed that group roles allowed cooperative learning groups to function better.
While this percentage decreased in week 2, by the conclusion of the study all of students felt that
cooperative learning groups are improved when group roles are used (Figure 5). Students’
opinions of accountability within groups showed a very similar trend, with a change from some
students disagreeing that group members need to hold each other accountable in week 2 to no
students disagreeing in week 5 (Figure 6).

Students’ opinions of group work changed over the course of this study. Figure 7 showed
that in week 1, 80.65% of students felt they received better grades when working in a group
compared to working independently. This percentage decreased in week 5. In week 1, 35.71% of
students felt that discussing content with a group impacted their understanding positively. This
percentage slightly increased in week 5 (Figure 8). Students’ opinions about how learning group
skills would improve their experience in cooperative learning groups did not change (Figure 9).
This same consistency in opinion is shown in Figure 10. Students did not agree that they work
better by themselves when compared to working in a group and agreed that they enjoy working

with others. This opinion did not change by the end of the study.
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Working in a group helps me understand content

Percentage of Students

Il Strongly Disagree

50.00%
40.00%
30.00%
20.00%
10.00%

0.00%

better.

[l Disagree [ Agree [ Strongly Agree

Week 1 Week 2 Week 3 Week 4 Week 5

Weeks

Figure 3. Students’ opinions of how group works helps in understanding of content over five

weeks

| am more engaged in learning when | am working in

Percentage of Students

a group.
B Strongly Disagree [} Disagree [ Agree [} Strongly Agree
60.00%
40.00%
20.00%
0.00%
Week 1 Week 2 Week 3 Week 4 Week 5
Weeks

Figure 4. Students’ opinions of engagement levels when working in a cooperative learning

group.

18
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| think that groups work best when everyone has a specific job
to do.

B Strongly Disagree [l Disagree [l Agree [l Strongly Agree
80.00%
60.00%

40.00%

20.00%

Percentage of Students

0.00%

Week 1 Week 2 Week 3 Week 4 Week 5

Weeks

Figure 5. Students’ opinions of how cooperative learning groups function when members are
given specific roles.

| think that group members need to hold each other
accountable for their work and participation.

B Strongly Disagree [} Disagree [l Agree [l Strongly Agree

60.00%
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L 40.00%
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o
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o
e
o
o

0.00%

Week 1 Week 2 Week 3 Week 4 Week 5
Weeks

Figure 6. Students’ opinions of the importance of holding group members accountable for their
roles and participation.
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| think that | receive better grades when | learn in a group compared
to when | learn independently.

B Strongly Disagree [l Disagree [ Agree [l Strongly Agree

60.00%

40.00%
20.00%
0.00%

Week 2 Week 3 Week 4 Week 5

Percentage of Students

Weeks

Figure 7. Students’ opinions of how group work impacts grades when compared to working
independently.

| learn best when | can talk with others and discuss the
problem or material.

B Strongly Disagree [l Disagree [ Agree [l Strongly Agree
50.00%

40.00%
30.00%

20.00%

Percentage of Students

10.00%

0.00%
Week 2 Week 3 Week 4 Week 5

Weeks

Figure 8. Students’ opinions of group discussion in problem solving tasks.
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| think that learning skills that help me work in a
group are beneficial.

B Strongly Disagree [} Disagree Agree [ Strongly Agree
60.00%

40.00%

20.00%

Percentage of Students

0.00%
Week 1 Week 2 Week 3 Week 4 Week 5

Weeks

Figure 9. Students’ opinions of how learning group processes are helpful when working in a
cooperative learning group.

| dislike working with others because | learn best
by myself.

B Strongly Disagree [} Disagree Agree [} Strongly Agree
50.00%

40.00%
30.00%
20.00%

10.00%

Percentage of Students

0.00%
Week 1 Week 2 Week 3 Week 4 Week 5

Weeks

Figure 10. Students’ opinions of working in cooperative learning groups compared to working
independently.

Student Engagement

The second research question of the study was: in what ways, if at all, does teaching
group processes to 5th grade cooperative learning groups affect their engagement when working
in groups? To answer this question, students completed a daily exit slip that provided evidence

of both their group’s engagement and their personal engagement during the task. In addition, the
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researcher filled out a teacher observation form during each class period. Observations about on-

task behavior, examples of engagement, and any redirection needs were made.

Common responses or themes from the responses and observations found on the exit slips
and teacher observation charts that demonstrated negative interdependence and engagement
could be broken down into common phrases. Many students reported that their partners did not
do their job or help with the task. In addition, students stated that certain partners took over the
task, were distracted, messing around, or not staying on task. Other common observations made
by both students and teacher were group members tinkering with irrelevant VEX kit pieces or
leaving the group. Some groups were also observed arguing over which roles each student held.
These categories indicate that certain behaviors were common throughout all cooperative
learning groups and that students were not utilizing the group processes taught to them prior to

the learning activity.

Overall, in both the student exit tickets and teacher observation charts, there were more
responses addressing positive engagement and interdependence in groups. Students reported 196
times that their groups were working together positively (Table 1). They also reported group
members doing their job. Students wrote “everybody had a job” and “we all did what we were
supposed to do.” Teacher observations demonstrated students communicating in a productive
way that led to all students being engaged in the task. For example, one student was observed
saying “Do you want to try?”, ensuring that her group member was involved in the project.
Another student stated, “I need you to tell me your idea.” Many observations included students
designating other students to specific tasks when they noticed the group was not functioning at
its highest level. There were also many examples of students working cohesively together to

complete the assigned task. One student reported “that one of our group is trying to help us
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understand.” Another student wrote “we all did an equal amount of building” while yet another
stated “we all get to combine almost all our ideas.” Statements like these were common

throughout the exit slips.
Table 1

Common themes taken from pre- and post-assessments regarding the engineering design
process (EDP).

Common Themes Pre- Post-
Assessment Assessment

EDP as series of steps used to create something 47.06% 54.55%
Ask: what problem am I solving 20.59% 30.30%
Explain: explain, plan, process, and design 85.29% 75.76%
Models necessary to EDP to show what changes need to be 50.00% 42.42%
made

Evaluate: test model to see what improvements need to be made 55.88% 54.55%
Explaining results is important so consumers understand 35.29% 42.42%
product

Application of EDP to new situation 32.35% 36.36%
Diversity in engineering is important because different 50.00% 42.42%

perspectives can be offered

Table 2 compares student responses on daily exit slips to teacher observations of students
regarding engagement and interdependence. Overall, both the researcher and the students
reported making more observations and responses about positive interdependence and
engagement than negative interdependence and engagement. While there were 30 responses of
negative engagement and/or interdependence from students and 71 observations made by the
researcher, it is clear the positive interactions were more frequent (Table 2). The data indicates

that students had positive interactions with their peers when working in their cooperative
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learning groups and that they felt each member was contributing. The teacher made similar

observations.

Table 2

Number of student exit slip responses and teacher observations of negative and positive
interdependence and engagement.

# Negative # Positive # Negative # Positive
Interdependence and  Interdependence and  Interdependence and  Interdependence and
Engagement Examples Engagement Examples Engagement Examples Engagement Examples

(Exit Slips) (Exit Slips) (Teacher Chart) (Teacher Chart)

30 196 71 133

Understanding of the Engineering Design Process

The final research question in this study was: in what ways, if at all, does teaching group
processes to 5th grade cooperative learning groups affect their overall understanding of the
engineering design process? To answer this research question, pre- and post-assessment and
Flipgrid video responses were analyzed. Overall, as students worked more in their group and
progressed throughout their project, group understanding of the engineering design process
increased (Figure 11). Most groups began at a 1 because the prompts for the first week did not
ask about the engineering design process. One group began with a 0 because they did not submit
a video to be analyzed. In the following weeks, prompts were more specific and averages
increased, with most groups’ understanding of the engineering design process ranging from a 2-3
(Figure 11). In week 3, some groups experienced a decline in their understanding, while others
continued to show growth. In the final week of the study, all groups reported higher average than

in week 2 (Figure 11).
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Average Group Score of Engineering and Design Process Understanding

4 == Group 1
== Group 2

Group 3
== Group 4
== Group 5

Group 6
== Group 7
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== Group 12

== Group 13

Week 1 Week 2 Week 3 Week 5

Weeks Videos Recorded

Figure 11. Average score of comprehension of engineering design process using critical thinking
rubric to analyze Flipgrid videos.

Table 2 represents increases and decreases in students’ understanding of the engineering
design process on the pre- and post-assessment. The data shows that there was an increase in
students responding correctly to the question related to the ask portion of the design process on
the post-test. A higher percentage of students also seemed to better understand the importance of
explaining results in the design process after working in their groups. There was an increase in
the number of students that understood how to apply the engineering design process to a new
situation on the post-assessment. While there were increases, there were also some decreases in
students’ understanding of the engineering design process. A decreased number of students
suggested that diversity in engineering can result in varying perspectives and that a model is

important to demonstrate changes needed in a design.
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Action Plan
The purpose of this study was to understand how teaching specific group processes to
students impacted their success in a middle school STEM classroom. Creating opportunities for
interdependence and accountability is necessary for student success within groups, as it allows
students to work together towards a common goal (Johnson, et al., 2007). Students must be
directly taught methods to help this happen. If the intended purpose of the study was met,
students would use these group processes (i.e. using group roles and holding one another
accountable) resulting in higher levels of engagement, improved levels of interdependence,
deeper understanding of the engineering design process, and more positive attitudes about group
work. This study demonstrated that it is necessary to explicitly teach students how to effectively
work in cooperative learning groups and that positive outcomes result from this intervention.
Various conclusions can be made from this study for categories related to opinions of
group work, student engagement, and understanding the engineering design process. Conclusions
for each of those categories were as follows:
Opinions of Group Work
o Students felt their ability to use the engineering design process improved after working in
cooperative learning groups and learning specific group processes.
e Overall, more students valued the engineering design process than those who did not after
the intervention took place.
e When students worked in cooperative learning groups, their opinions of group work
improved in areas related to engagement, having group roles. and group accountability.
e Students’ opinions regarding the benefits of group work on grades were negatively

impacted after working in cooperative learning groups.
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Student Engagement:

o Students who have been taught effective group processes were able to remain engaged
with their cooperative learning groups.

o Teaching students specific group roles and processes resulted in better communication
within groups and made students more aware of how their group was functioning.
Students had a better understanding of how to create interdependence, resulting in higher
levels of engagement.

Understanding the Engineering Design Process:

e Teaching students how to work in cooperative learning groups resulted in deeper
understanding of content.

o Students’ understanding of certain aspects of the engineering design process, such as its
purpose and application, improved after the intervention. However, other aspects (i.e.,
modeling), resulted in less comprehension after the intervention.

The data gathered from this study can impact the way educators approach group work
and establish cooperative learning groups. This data can be used in many ways to help improve
outcomes in different classrooms. One recommendation is that teachers provide a content pre-
assessment before having students work in cooperative learning groups, and a post-assessment
after. This allows for a clear depiction of each students’ understanding of content. Because some
group members may dominate over others, this is a way to ensure that all students are learning
and which areas of content may need additional attention.

Another recommendation is that teachers provide students direct instruction on specific
group processes before they establish cooperative learning groups. There are two processes that

result in better student engagement and positive interdependence: 1) teaching specific group
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roles, and 2) teaching students how to hold one another accountable. In doing this, students work
towards a common goal within their learning group and each student has a clearly defined role
that will help contribute to this objective. These roles could include: recorder, materials
coordinator, manager, and technology coordinator. Students will be more engaged in the task
knowing they have a specific job they need to fulfill. Students will also gain the skills to be able
to communicate productively, problem solve with their group in a more effective way, and
understand their role’s importance to the group. All of this leads to higher levels of engagement
from students. However, without being taught clear criteria for each role and what positive
communication looks like, positive outcomes may be more limited.

Students should be provided time to reflect on their learning. Allowing students time to
process their understanding of content and reflect upon where they are within learning targets is
a productive practice. In this study, students better understood their abilities and growth and how
they could improve their understanding of content.

A final recommendation is to continually monitor cooperative learning groups for
examples of positive and negative interdependence and engagement. In this study, the groups
that demonstrated the best teamwork were the ones that identified each group member as being
on task, doing their job, and equally contributing. By observing group dynamics, the teacher can
redirect students early and reteach processes that enable them to improve. This will lead to a
deeper understanding of content for group members at the conclusion of the project.

Overall this study demonstrated that teaching specific group processes had positive
results on student comprehension, engagement, and interdependence within groups. Students
showed greater confidence in their ability to use the engineering design process and gained

important 21st century skills. In our interconnected world in where technology makes
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collaboration and communication essential, understanding how to work productively in groups

will give students the competencies they need to be successful beyond their educational career.
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Appendix A

Teacher Observation Chart

Date:
Time Observed and | Assigned Student | Observations
Group Number ID Number o Examples of interdependence,

understanding, and engagement

o Off-task behaviors

» Positive anecdotes

o Redirected group back to using group
processes and outcomes of that redirection
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Appendix B
Flipgrid Video Reflection
Prompts:
1. Describe what you did with your VEX Kit/robot this week and how you used the design

process.

2. What were some accomplishments you made as a team this week?

3. What were some struggles you had as a team this week?

34
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Appendix C

Critical Thinking Rubric

35

Problem: Ask | Student consistently Student often Student sometimes Student rarely
identifies and seeks | identifies and seeks | identifies and seeks | identifies and seeks
information to information to information to information to
understand the understand the understand the understand the
problem. problem. problem. problem.
Brainstorm Student consistently Student often Student sometimes Student rarely
Solutions or | brainstorms solutions brainstorms brainstorms solutions brainstorms
Strategies: or strategies to solve solutions or or strategies to solve solutions or
Imagine a problem. strategies to solve a a problem. strategies to solve a
problem. problem.
Develop and Student consistently | Student often selects [ Student sometimes Student rarely
Select a Plan selects a problem a problem solving selects a problem selects a problem
solving strategy and strategy and solving strategy and | solving strategy and
develops a plan to develops a plan to develops a plan to develops a plan to
use it. use it. use it. use it.
Implement a Student consistently | Student often usesa | Student sometimes | Student rarely uses a
Plan: Create uses a selected plan. selected plan. uses a selected plan. selected plan.
Evaluate and | Student consistently Student often Student sometimes Student rarely
Improve a Plan | reflects in order to reflects in order to reflects in order to reflects in order to
improve the plan. improve the plan. improve the plan. improve the plan.

Taken from:

Tatanka Elementary School

http://www.bhmschools.org/sites/default/files/downloads/tatankas 4 cs rubric- grades 3-5.pdf



http://www.bhmschools.org/sites/default/files/downloads/tatankas_4_cs_rubric-_grades_3-5.pdf
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Appendix D
Weekly Self-Reflection
Students will complete this reflection weekly. Answer each question with as much detail as
possible. It is important that you are honest in your answers in order for me to determine how
successful cooperative learning groups are. Your grade will not be impacted by these answers so
be as specific as possible. Thank you! * Required
1. Working in a group helps me understand the content better. *
1 2 3 4
Strongly Disagree Strongly Agree
2. 1 am more engaged in learning when I am working in a group. *
1 2 3 4
Strongly Disagree Strongly Agree
3. I learn best when I can talk with others and discuss the problem or material. *
1 2 3 4

Strongly Disagree Strongly Agree

4. | think that | receive better grades when I learn in a group compared to when | learn
independently. *
1 2 3 4

Strongly Disagree Strongly Agree



Running head: GROUP PROCESSES IN COOPERATIVE LEARNING GROUPS

5. | think that learning skills that will help me do group work is helpful. *
1 2 3 4

Strongly Disagree Strongly Agree

6. | dislike working with others because | learn best by myself. *
1 2 3 4

Strongly Disagree Strongly Agree

7. 1 think that groups work best when everyone has a specific job to do. *
1 2 3 4

Strongly Disagree Strongly Agree

8. I think that group members need to hold each other accountable for their work and

participation. *

1 2 3 4
Strongly Disagree Strongly Agree
9. Describe the best parts about working in a group. *

10. Describe the hardest parts about working in a group. *

37
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Appendix E

Student Exit Tickets

Group Processes Exit Slip: Fill this out each day before you leave class.

Group Number:

Assigned ID #

Date:

One thing that | contributed to
my group and showed my
individual engagement in the
task today that | feel good about
is...

Was everyone engaged in
today’s group activity? If
yes, give an example. If not,
what can be done to make it
better?

One question |
have about
STEM today
is...
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Appendix F

Engineering Pre- and Post-Assessment
Students will complete this assessment before and after learning about the engineering design
process in their Project Lead the Way modules on robotics and automation. Data will used to
help conclude the impact of cooperative learning groups on student engagement and
understanding. * Required
1. What is the engineering and design process? *
2. What occurs in the "ask™ portion of the design process? *
3. What do engineers do in the "explain™ phase of the design process? *
4. In what ways are models necessary to engineering? *
5. What does it mean to evaluate a model? How does this contribute to the final product being
made? *
6. Why is it important to explain the results of an engineering project? *
7. An engineer is designing a new type of cell phone. Explain the process she might go through
to create this new phone. *
8. Why do engineering teams get better results when teams are made of people from different
backgrounds and different areas of engineering? *
9. On a scale of 1 to 5, how valuable do you feel that the engineering and design process is to an
engineer who is completing a project? *
1 2 3 4 5

Not valuable Very valuable
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10. On a scale of 1 to 5, rate your ability to use the engineering design process with a group in
class. *
1 2 3 4 5

Not able to use the process Very able to use the process.
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