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Process Oriented Guided Inquiry Learning in the Engineering
Classroom

Introduction

Active learning approaches are being used more extensively in engineering education as the
literature base on their effectiveness continues to grow.*™? In addition to the empirical
research showing improvement on various learning outcomes, the use of active learning is
also supported by cognitive models of learning.*>** The key point to note about these models
is that information is actively manipulated in the mind of the learner within the context of the
existing structure of the learner’s long-term memory. The learner has essentially three
options: 1) The information can be accommodated into the existing structure. The traditional
lecture approach assumes that this always occurs; 2) The new information does not fit into the
existing structure, and a state of disequilibrium occurs. At this point the structure of long-term
memory needs to be changed to accommodate the new information, or 3) The new
information is rejected and long-term memory is left unchanged. As an example, Lawson
describes the process by which Darwin developed the theory of evolution.* Observations
during his voyage to the Galapagos conflicted with his view of a Creator, leaving him in a
state of disequilibrium. In order to resolve this conflict, he developed the theory of evolution.

In the classroom, this model of information processing underlies the constructivist approach
to learning. Constructivism states that learning occurs when learners “...think about what the
teacher tells them and interpret it in terms of their own experiences, beliefs, and
knowledge.”*® One practical application of how to apply the constructivist approach is
through the learning cycle model.*****" (Note that this learning cycle model is different from
Kolb’s learning cycle,"*® although there are some similarities.) In this model there are three
phases of learning. The first is the exploration phase, in which the learner manipulates data or
information. This results in the second phase, which is concept invention or term introduction.
In this phase the learner uses the data to develop general rules or concepts. Finally is the
application phase, in which the learner applies the concepts developed to new situations. This
learning cycle models both the scientific research process, and the way young children learn
about their world. In traditional teaching, the exploration phase is skipped, and teaching
begins with concept invention. In contrast, studies have shown that learning occurs better
when the concept invention phase comes later in the sequence.'®**? This approach is most
powerful when the learners themselves invent the concepts (rather than having it told to
them). This educational approach is the basis for constructivism. In a constructivist approach
the roles of the instructor and students are quite different from a traditional class.?

This paper focuses specifically on Process Oriented Guided Inquiry Learning (POGIL). In a
standard POGIL class, the instructor does not lecture. Rather students work in teams, typically
of four students, to complete worksheets. The worksheets contain three components: 1) Data
or information as background material; 2) Critical thinking questions, which are designed to
lead the students to understanding the fundamental concepts represented by the data, and 3)
Application exercises, which provide the students with practice in solving problems using the
concepts they have derived. The instructor’s role is to guide the students, walking around the
room and probing them with questions to check their understanding.?% Farrell et al. have
described the roles of students within the groups and the class procedures.?

POGIL was originally developed for the chemistry curriculum, and thus most of the published
materials®*?" and studies of its use?*% have occurred within chemistry. A recent textbook
provides POGIL materials for materials engineering,?® providing the first opportunity to
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understand how POGIL can be implemented in engineering. In this paper we address the
following research questions:

1. Does POGIL lead to increased understanding of materials engineering concepts
compared to a lecture class
2. How is POGIL implemented across diverse types of universities?

Question 1 is examined through a quantitative component in which POGIL was implemented
at four different institutions in the US and gains on the Materials Concept Inventory were
compared to lecture classes. For question 2 a content analysis was conducted on course
materials used by the instructors and student reflections from the end of the semester.

Methodology

POGIL was used in the undergraduate Introduction to Materials Engineering classes at four
different institutions in the US. These institutions were purposively selected to represent four
different types of institutional contexts. Table 1 summarizes their characteristics.

Table 1: Institutional characteristics

Institution Institution type
Research University Large, public, research-intensive university.
Emerging Research University Medium-sized public university. Primary

undergraduate teaching focus transitioning to
research-intensive.

Minority University Medium-sized, public university with large
African-American population. It is classified as a
Historically Black College or University
(HBCU).

Liberal Arts University Small, selective liberal arts university focused on
teaching.

At each of these institutions one section of the Introduction to Materials Engineering class
was taught using the available POGIL text.?® Instructors were not required to use this text in
any particular way or for any particular proportion of the course; they were free to use the
textbook in any way they felt best met the needs of the class. All instructors did attend a
formal workshop on how to implement POGIL before teaching the class. Each institution also
had a control section in which the same course was taught by a different instructor using a
different textbook. These control sections would typically be classified as primarily lecture.

Effectiveness of the POGIL approach was determined using the Materials Concept Inventory
(MC1),%*° a 30 item multiple choice instrument designed to identify student misconceptions
in an introductory materials engineering class. Students in both the POGIL and lecture

sessions completed the MCI at the beginning and end of the semester, and the gains over the
semester were compared using mixed analysis of variance (ANOVAs) and dependent t-tests.

To understand how students perceived their own learning in the POGIL class, at the

beginning of the semester they identified goals for themselves. At the end of the semester they
provided written reflections on those goals and the class in general. The research team also
collected course materials from the POGIL instructors: course notes, slides, reading
assignments, homework assignments, exams, and any other material that the instructor
thought was relevant. These materials were analyzed using content analysis.***? First
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common themes appearing in each course were identified to understand how POGIL was
implemented and perceived by the students at that institution. Then the data was examined
across institutions to identify common themes as well as differences.

Findings

Effectiveness of POGIL

Table 2 shows the statistics for the MCI when the results from all universities are combined,
and for each university separately. Due to an administrative error, control MCI results from
Minority U. are not available. Overall, there was significant gain in score for all universities
combined and for each university separately in both the POGIL and lecture classes. Across all
universities the gain in MCI scores was greater for the POGIL classes than for the lecture
classes, at p<.05. However, when the results are disaggregated by university the difference in
the gains between POGIL and lecture classes is significant only for Emerging Research
University (p<.01). This difference is likely due to a greater effect size and a larger sample
size resulting in greater statistical power at Emerging Research University compared to the
others. However, the trend for all universities is for higher gain in POGIL classes than in
lecture classes, even in those cases where this trend is not statistically significant.

Table 2: Results from MCI

Pre- Pre- Pre- Post- Post- Post- Gain
Test Test | TestN | Test Test TestN
Mean SD Mean SD
All universities 10.16 3.56 225 14.49 4.22 202 4.33
POGIL
All universities 9.95 2.94 226 13.23 3.82 218 3.28
Lecture
Research U. 9.90 4.45 52 13.32 3.82 47 3.42
POGIL
Research U. 9.66 2.81 111 12.66 3.89 101 3.00
Lecture

Emerging Research U. 10.92 3.27 117 16.31 3.74 104 5.39
POGIL

Emerging Research U. 10.00 2.97 92 13.52 3.65 94 3.52
lecture

Minority U. 7.88 2.36 41 10.43 3.15 37 2.55
POGIL
Liberal Arts U. 11.33 2.23 15 15.64 2.50 14 4.31
POGIL
Liberal Arts U. 11.17 3.21 23 15.04 3.69 23 3.87
Lecture
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POGIL Implementation

The content analysis of instructional materials and student reflections showed the emphasis of
how POGIL was implemented at each institution. Table 3 summarizes whether or not the key
POGIL elements of critical thinking, teamwork, and communication were reflected in the
class syllabus and activities. It can be seen that in the syllabus all instructors mentioned
teamwork, but not critical thinking or communication. This is likely because the syllabi were
focused on the mechanics of how the class would operate, and thus discussed teamwork in
that context. Any objectives or outcomes for the classes were related to the technical content,
rather than professional skills the students might gain, such as critical thinking and
communication.

The use of POGIL elements in class activities were specifically related to the extent to which
POGIL was used in the classes. At all but Emerging Research U. the instructors used POGIL
for all of the class periods. Thus, all elements appeared throughout the entire class. In
contrast, the instructor at Emerging Research U. used POGIL approximately 30% of the time,
with the remaining time being used for lecture and other active learning techniques.

Table 3: Incorporation of POGIL elements in course materials

Critical Teamwork | Communication
Thinking

Research U. Syllabus no yes no

Class Activities yes yes yes
Emerging Research Syllabus no yes no
U. Class Activities some some some
Minority U. Syllabus no yes no

Class Activities yes yes yes
Liberal Arts U. Syllabus no yes no

Class Activities yes yes yes

Student reflections at the end of the semester revealed the distinct character of each
implementation. At Research U. the focus of the reflections was on the increased
understanding obtained by the students. For example one student stated that, “My group has
improved in its capabilities to solve the problems and understand the concepts more
efficiently”. The most common comment in the reflections was that students finished the class
with increased learning. They also indicated that they enjoyed the group work and felt they
had improved their teamwork skills as a result of being in the class. One student noted that
“we have become very comfortable in a group setting and efficient in group work”. They also
found the class structure motivating and felt it helped them gain skills in communication and
critical thinking.

At Emerging Research U. students primarily commented that the class helped them to see
how to connect the technical content to real life problems. According to one student, “I can
far more easily relate what we learned to the real world” and another student commented:
“one of my goals was to understand the materials and be able to create relationships between
what was learned and everyday life. This was not only let me reach my learning goals but
went above and beyond”. This view reflects the unique population at this university, which
consists of a large number of students who are simultaneously working in an engineering job
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and going to school. Thus, they see their education as a means to help them learn to solve
practical problems they face in their jobs. Like Research U. they found that the POGIL
activities helped them to learn the content. Interestingly, the use of POGIL for only 30% of
the class allowed these students to compare lecture and POGIL. They generally stated that the
lectures were not as helpful as the activities and wanted to have more opportunities for
collaboration.

Students at Minority U. primarily mentioned working in groups, with a considerable
difference in whether or not they saw groups as being helpful to their learning. One benefit
seen of working in groups was that students helped “the group through hard spots in the
class”. While many students saw the importance of helping others learn and sharing
knowledge, others found the groups to not be helpful. Reasons given for this lack of help were
individual preferences to work on their own and a feeling that the group did not put adequate
effort into collaboration. For example, one student stated: “My learning style is better suited
to examples and figuring things out myself”. Among those who mentioned the value of the
group to learning, 15 students said working in groups added value, while 7 said it did not.

Finally, students at Liberal Arts U. were overall the most positive about using POGIL.
Students explained that “the guided learning process correlates well to the way I learn” and
“my mastery of the subject has increased because of the group discussions”. This likely
comes from the cohort in that class. At Liberal Arts U. the class was the smallest of any of the
institutions and consisted of mechanical engineering students who had all taken several
classes together before this class. In contrast, at the other three universities the classes were
larger, students came from multiple engineering disciplines, and for the most part they did not
know each other before the materials class. Thus, the camaraderie among the students at
Liberal Arts U. contributed to their positive attitudes. In addition, they felt that POGIL helped
them to become more active and responsible for their own learning, become better problem
solvers and collaborators, and helped them to master the class content. This growth was
expressed by one student saying, “I can tell how I interact with the text and my team is now
different from what I have done in the beginning of the semester”

When looking across the four universities some common themes emerge, but there are also
important differences. Research U. and Liberal Arts U. were the most similar. At both
universities students emphasized increased learning and less need to study for exams. This
similarity is likely because these two schools have higher academic requirements for
admission than the other two.

In contrast, at both Emerging Research U. and Minority U. there were few comments on
increased learning resulting from POGIL. At Minority U. the focus was on the benefits and
limitations of group dynamics. At Emerging Research U. the focus was on how the technical
content relates to applications and on class performance (e.g. grades) over learning of skills.
This emphasis at Emerging Research U. reflects the student population of working
professionals who are simultaneously in school. In addition, approximately 25% of these
students are non-traditional, and thus have families and other life responsibilities not found in
a typical classroom.

Conclusions

Quantitative results show a trend for increased learning in materials engineering POGIL
classes compared to lecture classes, a finding that is consistent with what has been reported
previously for chemistry classes.?*?* In order to improve the robustness of these results we
will continue to collect data in future academic years. Qualitative results on implementation
show that the particular context affects how POGIL is perceived by students. When
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implementing POGIL, or any instructional strategy, it is important to understand the
perspectives of the students and adjust accordingly, both to address their needs and to help
them to go beyond what they see as important. For example, students at a university such as
Emerging Research U., who are also working and have family responsibilities, need to see
how the class can help them with practical problems they face on the job. Although these
students saw that POGIL helped them to connect technical skills to practical problems, they
apparently did not see the benefits of learning professional skills (teamwork, communication,
etc.) through POGIL, which points to the need to be explicit on how such skills will benefit
them in the future. Overall, this study adds to the evidence that POGIL is an approach that can
be useful in a variety of disciplines and contexts.
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