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ABSTRACT

Several traditional chemistry lab experiences were replaced with a problem-based learning (PBL) experience in a university
general education, conceptual chemistry course. Students worked in small groups on an authentic chemistry problem in
which each student played a different role (Scientist, Engineering, Marketing Manager, Safety Officer, or Secretary). Mid-
semester, the pandemic forced the course online. Q methodology [Q] was used to determine the divergent viewpoints that
existed amongst the students regarding their PBL experience. Each student provided their view by sorting related statements
into a grid. Three divergent viewpoints emerged from the analyses: two viewpoints were positive about the PBL experience
(Motivated learners and Committed to my group) and one was negative (Negative experience due to group dynamics).

Descriptions of these views and implications are discussed.
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Introduction

Chemistry for Everyone (CFE) is a general education sci-
ence course offered at a large, public Midwestern university.
The purpose of this study was to ascertain and describe the
divergent student perspectives about a problem-based learn-
ing (PBL) laboratory experience within this course. Because
most of the traditional laboratory experiences were main-
tained, students experienced both typical college-chemistry
lab experiences and the PBL experience. Additionally, the
coronavirus pandemic meant that although some of the tra-
ditional laboratory experiences were eliminated, much of the
PBL experience could continue as planned. Student views of
the PBL experience were determined using Q methodology
(Q), a mixed research methodology created to study subjec-
tivity (Brown, 1980; Newman & Ramlo, 2010).

CFE is a conceptual chemistry course designed for non-
majors, with a three-hour lecture and a three-hour laboratory
each week. The course description is as follows: “Integrated,

hands-on, laboratory instruction in the fundamental con-
cepts of chemistry for general education and middle-level
licensure for pre-service and in-service teachers” As a gen-
eral education natural science course, CFE must meet a set
of learning outcomes. Within this study, the lecture portion
of the course remained unchanged and a PBL experience
replaced a portion of the traditional laboratory experience.

General education

General education coursework is required for bachelor’s
degree attainment within the United States. These general
education courses are part of the typical curriculum within
American universities and often target learning outcomes
such as critical thinking and scientific literacy (Rowe et
al., 2015). General education course work is often catego-
rized such as natural science, humanities, and mathemat-
ics. Although these courses are required, Miller and Sundre
(2008) found that many college students do not value
these general education classes. Overall, students are often
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disinterested in their general education coursework because
they feel these courses are disconnected from their under-
graduate majors. Therefore, motivating students in general
education courses is often problematic.

A brief review of chemistry education in
higher education

Students often struggle to learn college-level chemis-
try and feel disinterested in this type of general education
coursework (Miller & Sundre, 2008). Additionally, natural
science general education coursework such as CFE tends
to lack authentic experiences. Instead, this type of course-
work typically takes place in traditional settings and consists
of didactic lectures and verification experiments (DeVos
et al., 2003). When learning tasks are disassociated with a
student’s interests, those tasks can lack a sense of intrinsic
value for that student (Kim et al., 2015). Chinn and Malhotra
(2002) suggested that authentic inquiry experiences should
become a priority in every science course. Authentic experi-
ences offer greater relevance to the course material (Miller
& Sundre, 2008). Additionally, prior negative science course
experiences can create a level of anxiety associated with tak-
ing college science courses, especially for female students
(Udo et al., 2004).

Fortunately, a new era of science education reform
started in the early 1980’s (Hofstein & Lunetta, 2004).
These reforms include the use of inquiry, discovery, and
PBL. These changes are a result of current models of how
students construct knowledge and information about how
teachers and students engage in science laboratory activi-
ties. Additionally, the National Science Education Standards
(National Research Council [NRC], 1996) recommends
these contemporary goals for science learning and pedagogi-
cal strategies. However, for college science courses, didactic
lectures and verification experience remain the norm (Miller
& Sundre, 2008).

Problem-based learning (PBL)

Hmelo-Silver (2004) described PBL as a pedagogical strat-
egy. PBL encourages student-directed learning that is focused
on solving a meaningful, authentic, open-ended problem with
no set solution. With its beginnings in medical education,
PBL has expanded into K-20 education (An, 2013; Barrows,
1996). The problem design facilitates students’ deeper learn-
ing of the content (Jonassen, 2000, 2011) and uses Vygotsky’s
(1986) social construction of knowledge. In PBL, social con-
struction of knowledge is a byproduct of students working
effectively in small groups to address the problem (Jonassen,
2011). The student group must collaborate to determine the
information to collect, the design of data collection, and the
problem solution. This type of collaboration has beneficial

effects such as improved intrinsic motivation, persistence
when faced with adversity, and transferability of the knowl-
edge (Pfaff & Huddleston, 2003). Kapp (2009) found that
establishing a collaborative environment and creating shared
expectations improves the ability for student teams to work
together effectively with minimal issues.

This type of collaborative environment is important within
PBL because students must explain and justify their posi-
tions, which, in turn, results in reflective social discourse
(Land & Zembal-Saul, 2003). These PBL groups must con-
sistently work to improve their ideas through discourse. This
discourse must focus on knowledge-building (Hmelo-Silver
& Barrows, 2008). Ryan and Deci (2000) describe what is
necessary for students to be motivated to participate in a col-
laborative learning process such as PBL. These characteris-
tics include a sense of autonomy and a feeling of belonging
within the group. The latter can determine if participants feel
engaged or alienated within their groups. Overall, students
should take responsibility for advancing the group’s under-
standing about the situation (Hmelo-Silver & Barrows, 2008).

Motivation is also an important component to PBL—spe-
cifically, intrinsic and extrinsic motivation. Intrinsic motiva-
tion represents an inherent tendency to seek out challenges,
to explore, and to learn for the sake of personal improvement
and mastery. However, extrinsic rewards can undermine an
individual’s intrinsic motivation (Ryan and Deci, 2000). An
example of extrinsic motivation is in the social pressures to
perform in a group on a topic that is not of interest to the
individual (Ryan & La Guardia, 2000). Hmelo-Silver and
Barrows (2008) suggest that the instructors and facilitators
of PBL must find ways to help orchestrate the knowledge-
building discourse within the student groups.

Involvement in the PBL process can help students develop
the attitudes and attributes expected of a reflective practitio-
ner, such as a chemist (Bate et al., 2014). In this way, students
must determine how to apply knowledge rather than remem-
bering information (Bodner & Herron, 2003). Applying
knowledge is cognitively more complex than fact retrieval,
based on Bloom’s taxonomy, and leads to improved reten-
tion of information and concepts (Agarwal, 2019). Thus, PBL
offers a student experience much more aligned with how a
scientist works and enhances learning (Jonassen, 2000).

Chemistry Laboratory PBL Design

The laboratory instructors, who are current graduate
teaching assistants within the Department of Chemistry,
created the format for the PBL. Students were introduced
to the company presidents (the laboratory instructors) and
given instructions to form groups with five students each
(one group had six students). Once in their groups, students
selected roles with defined duties: Scientist, Engineer, Safety
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Officer, Marketing Manager, and Secretary. The group of six
students had two Scientists. Students then received a packet
of information and a list of possible products to select for
their group. The students also shared contact information
and signed a contract regarding their roles, the timeline, and
product selection.

Products

For PBL, Jonassen (2011) suggested that it is important
to provide problem cases that are fitting to the levels of the
students. Because CFE is a conceptual chemistry course, the
PBL product choices were relatively simple, such as mak-
ing soap. The laboratory instructors provided students with
basic information regarding the product choices so students
could make informed decisions during the selection process.
The products did not require specialized laboratory equip-
ment, such as fume hoods, so that students could work on
a variety of experiments both inside and outside the labora-
tory. The initial laboratory packet included a brief descrip-
tion of each lab product, including materials. The goal was
to have student groups, with each student in their company
role, produce procedures that were more detailed, including
an expanded chemical list, safety requirements, etc.

Student groups chose from the following lab products:
o Milk-rainbow (using milk, dye, and dish soap)

« Creating designer soaps

o Slime

« Fire-snake (using burning sugar and baking soda)

Contracts and Presentation

Throughout the semester, students agreed to four distinct
contracts that dealt with effective communication, criteria
for the project (including providing citations), and writ-
ten and oral assessments. The fourth contract was used to
stress to students that they were each responsible for being
prepared to answer any question pertaining to the chemis-
try within the project during the oral presentation. Prior to
the pandemic moving all courses online, the oral presenta-
tion required students to run the experiment associated
with their selected product. However, the pandemic inter-
ruption to face-to-face instruction created a situation such
that the students still had to plan the experiment and cre-
ate the associated processes. One of the instructors ran the
actual experiments using the procedures provided by each
student group. Although the structure was not optimal, the
instructors intended to promote social distancing and lab-
oratory safety as much as possible. Students presented as a
group via WebEx but in different physical locations because
of restrictions related to the pandemic. Students shared their
screens during their parts of the virtual presentation. Each

students part of the presentation was based on his or her
company role. Students watched videos of the instructor
and her family running their group’s experiment using the
stated procedures, and the students were able to gather data.
The instructor also provided feedback within these videos.
When they created their group presentations, students were
required to include this data and address any concerns pro-
vided by the instructor in the video.

Written Report

Students also coproduced a written report; however, this
written report represented the type of document students
would receive as part of the laboratory instruction. The for-
mal lab report included pre-lab questions (with answers), a
theory section concerning the product chemistry, laboratory
objectives, equipment, chemical list, and lab safety require-
ments. This report also included a section with all relevant
data (including observations, graphs, and tables—with data
collected by the instructor rather than the group, because
of the campus hiatus), calculations, and results. Finally, the
report included a conclusion in which findings had to be
supported with evidence (data and/or calculations) as well
as post-lab questions (with answers). The conclusion also
included modifications to procedures or other aspects of
the PBL experience that would improve the product, safety,
or other aspect of the lab product. Students also included a
subsection related to the potential scaling of the product for
production and information related to marketing and testing
(e.g., FDA). The various aspects of the PBL design were used
within the methodology to determine divergent viewpoints
about this PBL chemistry laboratory experience.

Method

William Stephenson created Q methodology (referred to as
Q throughout this manuscript) over 80 years ago to study
and differentiate the subjective views of groups of people. Q
blends qualitative and quantitative offers a hybrid of quali-
tative and quantitative research methodologies in a form
that can be called a qualitative-quantitative hybrid (Ramlo,
2021). Each Q study consists of a set of procedures that
accompany an epistemological and ontological framework
(Brown, 1980). Every Q study begins with the collection of
items, typically statements, concerning the topic.

Q-sample

This collection of items, called the concourse, should
represent the myriad of communications about this topic
and, therefore, often involves using multiple sources. The
Q-sample is a subset of the concourse and is most often
purposefully selected using Fisher’s Design of Experiments
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(Brown, 1980). In this way, the researcher can ensure a bal-
ance among the various themes within the concourse and
that the Q-sample, like the concourse, represents the types of
communications regarding the subject at hand.

In this study, the lead researcher collected statements from
various sources. Some statements came directly from the
design of this PBL (e.g., written report, working in groups,
and presentation). Other statements came from a literature
review of problem-based learning (Barrows, 1996; Jonassen,
2000, 2011; Land & Zembal-Saul, 2003) and attitudes about
science (Miller & Sundre, 2008; Tobin, 1990). However, other
statements came from the university’s learning outcomes for
all natural-science general education coursework. Because
the students thought of this PBL as a project, the word project
was used, rather than PBL or problem, within the statements
of the concourse. The concourse consisted of 56 statements.
Five themes were identified within the concourse: attitudes
about science/chemistry, the laboratory experience (e.g., lab-
oratory versus lecture), university learning outcomes, PBL in
general, and the student PBL tasks (e.g., written report, work-
ing in their groups, and the presentation). Fisher’s Design of
Experiments (Brown, 1980; Ramlo et al., 2019) was used to
reduce the concourse to 36 statements. The latter represented
the Q-sample. Although the Q-sorting stage is often done
face-to-face with a researcher, the pandemic created a situa-
tion such that the Q-sorts were done online via HtmlQ.

Q-sort

Students received a link to the online Q-sort along with an
overview of the sorting process. The software presented each
statement randomly to the participant. Participants placed
the statements into one of three piles—Agree, Neutral, and
Disagree—based on their views of the CFE laboratory proj-
ect experience. Students then took each of these piles and dis-
tributed them into a grid provided by the researchers. They
were able to rearrange these statements in the grid until they
were satisfied that their sort represented a snapshot of their
view concerning their experience. Because each sort repre-
sents a student’s subjective viewpoint, there are no right or
wrong answers (Brown, 1980; McKeown & Thomas, 2013).

After the sort, students were asked to answer several ques-
tions about their sorting experience. They were asked to
comment on those statements placed at +5 and -5 (most
agree, most disagree, respectively). These statements are
those that are most salient for the participant. During the
post-sort, students were also asked to indicate some demo-
graphic information such as their college year (freshman,
sophomore, junior, senior), role within the PBL experience,
and major (e.g., education, health professions).

All data entered, including the Q-sorts, were downloaded
from the web application in the form of a JSON (JavaScript
Object Notation) file. JSON is a standard data interchange
format primarily used for transmitting data a web application
to a server. Twenty-eight sorts were successfully submitted.

Analyses

Data analysis in Q requires specialized software that pro-
vides the statistical analyses but also the descriptive outputs
required to interpret the factors, each of which represents
a unique viewpoint. In this study, the data was analyzed by
uploading the JSON file, along with a text file containing the
36 statements, into KenQ (Banasick, 2019). Q best practices,
as described by Brown (1980) and Ramlo (2021), were used
for the statistical analyses. Two factors emerged with the first
factor bipolar (such that some sorts were negatively corre-
lated with the factor while others were positively correlated).
This factor (Factor 1) was split into two parts (Factor la and
Factor 1b) for improved analysis and interpretation. Splitting
the factor simply provides two factors each with positive cor-
relations on the factors, 1a and 1b, rather than one with sorts
positively correlated with Factor 1a and the other with sorts
negatively correlated with Factor 1b.

Results

The course consisted of 46 students and 28 participant
Q-sorts. Thirteen participants were male, 13 were female,
and two did not provide a response. The majority (18, 64%)
of participants were freshmen, six were sophomores, and
four were juniors. Regarding categories for majors, 12 were
in the fine arts, eight were in education, four were in STEM,
three were in health professions, and one was in humanities.
The average student age was 20 years-old. This course is most
often used as a science general education course.

Again, two factors emerged from the analyses, one of which
was bipolar. For each factor, the analyses include the produc-
tion of a factor array; the factor array provides a represen-
tative sort that reflects the factor/viewpoint. Distinguishing
statements help differentiate each view from the others.
Finally, written comments about those statements placed in
the most salient locations of the grid (+5 and -5 in this study)
help clarify these views. Each viewpoint will be described in
the next section. Table 1 contains the factor arrays for each of
the views (factors) that emerged.
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Statement Statement Factor  Factor Factor 2
Number la 1b
1 I disliked my role on this project. -3 3 -5
2 Science classes usually make me anxious. -2 -2 3
3 I think science is relevant to my field of study. -2 -3 -2
4 I had to do too much of the heavy lifting for this project. -3 4 -4
5 I feel more confident about my understanding of chemistry 2 -1 -2
because of this lab project.
6 I better understand the role of ethics in science after this labora- 1 -2 2
tory experience.
7 The lab experience helped me do better in the lecture part of this -1 0 -4
course.
I wish we hadn't done this project in chemistry lab. -4 5 1
9 Some people on my team weren't helpful enough on this project. -4 5 2
10 I understand chemistry better now. 3 -4 -2
11 The project was fun. 3 -4 0
12 Everyone needs to understand science. 1 1 -1
13 I enjoyed seeing the other presentations. 0 2 0
14 I felt motivated to do well on this chemistry lab project. 5 1
15 Learning science is a waste of time. -5 3 -2
16 I enjoyed the problem-solving aspects of this lab experience. 0 -1 1
17 I feel like I am better at giving presentations after this lab project. -1 2 0
18 Collecting the data for this project was my favorite part. 0 0 -3
19 The authentic nature of this laboratory was important for my 1 -3 1
learning.
20 I think science is interesting. 4 1 -1
21 The timeline for this project was too demanding. -3 0 -1
22 I disliked giving the presentation. -2 1
23 Doing lab project helped me feel less anxious about chemistry. 1 -3 -5
24 My group role was important for this lab experience. -1 2 3
25 The contracts (1-4) were a silly idea. -3 3 -3
26 The lab instructors were a key part of this chemistry project. 2 0 4
27 I am more confident that I can solve problems in chemistry after 3 ) -1
this type of laboratory experience.
28 I enjoyed working in a group for this project. -5 2
29 The lab project made me appreciate science more. 0 -1 -3

Table 1. Factor arrays for each of the viewpoints
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30 I wish I didn't have to take this course. -5 4 3

31 I feel like I better understand the processes of scientific research 2 1 3
because of this lab project.

32 I feel more like a real science problem-solver now. -1 -1 -3

33 The members of my group helped me understand their roles and 4 -5 4
the project.

34 This project helped me become a better communicator. 2 -3 2

35 The writing for this lab project was difficult. -2 -2 0

36 I am glad my group picked the project we did instead of another 5 2 5
project.

Note: Each factor array contains the grid positions for the factor’s representative sort; these factor arrays are shown in Figures

1,2, and 3.

Table 1 cont. Factor arrays for each of the viewpoints

Factor 1a - Motivated learners

The nine participants are represented by this viewpoint.
Explanations for most salient statement placement cor-
respond to the representative sort for Factor 1a, shown in
Figure 1. For instance, participant #13 wrote, “Learning from
others is interesting”” Participant #5 explained, “Good grades
are always a priority in any class. You need to be able to moti-
vate yourself to be able to strive for good grades all the time.”
Written comments provide insight, but the representative
sort for this factor helps us to further this factor.

Within the representative sort, statement #14 is at +5 and
is distinguishing (I felt motivated to do well on this chem-
istry lab project). Distinguishing statements are determined
empirically and help differentiate the various viewpoints
(factors) that emerge. Those on the Factor la view are glad
that their group picked the project they selected (#36 at +5).
These students think science is interesting (#20 at +4, distin-
guishing) rather than a waste of time (#15 at -5, distinguish-
ing). These students felt that the members of their groups
helped each other understand their roles and the project
(#33 at +4; #9 at -4, distinguishing). The Factor la students

Figure 1. Representative sort for Factor 1a — Motivated learners
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are happy about having this project as part of the chemistry
lab. Overall, this view displays intrinsic motivation (despite
comments regarding good grades) and a genuine interest in
understanding science.

Factor 1b - Negative experience due to group dynamics

Factor 1a and Factor 1b are the result of splitting the bipo-
lar factor, Factor 1. However, this result does not mean that
Factor 1b is simply the inverse of Factor 1a. Not surprisingly,
students on this view are not motivated learners in this lab or
course. However, their view is more complicated than sim-
ply lacking motivation for the lab, the PBL experience, and/
or the course. Written comments by the four students repre-
sented by this viewpoint will help frame this view before we
discuss the representative sort for Factor 1b.

One of the four participants (participant #27) represented
by this view wrote:

“I had no fun because of group members’ name calling
and blaming other people...This project was extremely
aggravating and stressful because my group did not
work professional or together.”

Like participant #27’s comments, participant #3 had the
following to say about their experience:

“My group made me do an entire part of the project by
myself even after I asked them multiple times over the
extended break to help me research our project. Then
on contract 4 two members helped while one didn’t do
much and one just ignored everything we asked her to
do and didn't even look at the final project before we
presented.”

These written comments indicate that group dynamics
helped create a negative situation for those students on this
perspective.

Figure 2. Representative sort for Factor 1b—Negative experience due to group dynamics
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Figure 2 represents the factor array for this view. Statement
#8 (I wish we hadn’t done this project in chemistry lab)
and statement #9 (Some people on my team weren't helpful
enough on this project) are the two statements at +5, most
agree. Both statements are distinguishing for this viewpoint
and correspond to the written comments. Likewise, state-
ments 28 (I enjoyed working in a group for this project)
and 33 (The members of my group helped me understand
their roles and the project) are distinguishing and at -5, most
disagree. Statement #4 is at +4 (distinguishing) and reiter-
ates that those on this view feel that they did most of the
heavy lifting for the rest of their team on the project. Perhaps
most disconcerting is that those on this view feel they do not
understand chemistry better now (statement #10 at -4, dis-
tinguishing). Notably, those on this viewpoint feel alienated
from their group and responsible for completing the project.

Factor 2 - Committed to my group

Factor 2 represents seven student participants. These stu-
dents are focused on their commitment to their group. They
enjoyed their role and they enjoyed working with their peers
and did not want to disappoint them. For instance, partici-
pant #4 made this statement about her most salient state-
ment placements:

“I liked the role that I had. Marketing was interesting
to look at and see of what went into the experiment and
seeing how easily you could get the supplies. I wanted
to get a good grade since it’s a large part of my grade. I
also wanted to do good since it would affect my groups’
grade as well, not just my own. Contracts 1-4 were help-
ful because they are a buildup to the final presentation.
It helps students to pace themselves and continuously
work on the project without getting too behind and sav-
ing it all for the end. The TA’s were really helpful with
answering any questions we had. And Carrie was super
awesome to perform our labs for us!”

Similarly, participant #7 said, “I am a naturally motivated
person, so that helped. My role also helped me stay motivated.
I had a commitment to my group and had to work hard to
give them a good grade and not burden them.” Although this
statement may seem similar to Factor la, the motivation is
more connected to belonging to a team rather than the indi-
vidualized motivation expressed by Factor 1a. Additionally,
those students on this view are less interested in science than
are those on the Factor 1a perspective. Participant #7 contin-
ued, “T've never been interested in science. It fails to catch my
attention. I have a hard time grasping it” The representative
sort for this factor, shown in Figure 3, further clarifies this
viewpoint.

Figure 3. Representative sort for Factor 2 - Committed to my group
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Salient statements for this view include “I felt motivated
to do well on this chemistry lab project” (#14 at +5, distin-
guishing, also +5 for Factor la) and “I am glad my group
picked the project we did instead of another project” (#36 at
+5, also +5 for Factor 1a). These students also enjoyed their
roles on the project (#1 at -5). For these Factor 2 students,
the lab instructors were a key part of their success with this
chemistry project (#26 at +4, distinguishing). However, they
also had no interest in taking the CFE course (#30, at +3, dis-
tinguishing). Science courses typically make these students
anxious (#2 at +3, distinguishing), and this PBL experience
did not make these students feel less anxious about chemis-
try (#23 at -5, distinguishing). The Factor 2 students believe
that the PBL experience did not help them do better in the
CFE course (#7 at -4, distinguishing). Thus, the Factor 2 view
motivation seems connected to the idea of working as a team
rather than individual, intrinsic motivation. Those students
on this view are not motivated to learn science and are disin-
terested in learning science. In other words, their enjoyment
for the PBL experience had to do with working as a team and
their desire to support the group members, despite a general
lack of interest in science and chemistry.

Consensus

The Q analyses include providing the statements that rep-
resent consensus among the divergent viewpoints. Like the
distinguishing statements, consensus statements are deter-
mined empirically. In this study, three statements represent
consensus among the three viewpoints. Students do not
think that science is relevant to their fields of study (#3 with
grid positions of -3, -2, and -2, respectfully, for factors 1a, 1b,
and 2). Additionally, students feel relatively neutral regard-
ing improvement at giving presentations after the lab project
(#17 at -1, 2,and 0). Students do agree that they better under-
stand the processes of scientific research because of this lab
project (#31,at 2, 1, and 3).

Conclusions

Consensus among the three views provides insight, as do
the descriptions of the three divergent viewpoints regarding
the PBL experience within the CFE laboratory. Regarding
consensus, an important agreement among the views was
that students feel they did learn more about the processes of
scientific research, a learning outcome desired for the CFE
course and general education science courses more gener-
ally. Overall, two of the three views that emerged from the
analyses represent a positive view of the PBL experience
although for different reasons. The third view was negative
about the experience.

A key aspect of PBL is the social construction of knowl-
edge as students work effectively in small groups to address
the problem (Jonassen, 2011). Within this study, the negative
view is strongly connected to a negative experience working
within the student group as part of the PBL experience. In
an effective student group, participants must collaborate to
determine the information to collect, the design of data col-
lection, and the problem solution (Jonassen, 2011). Factor la
and Factor 2 participants demonstrated the benefits of collab-
oration described by Pfaft and Huddleston (2003), including
improved intrinsic motivation and persistence when faced
with adversity, although these characteristics were expressed
differently for these two views. Also, for these two views, but
not the Factor 1b view, the setting for the PBL helped estab-
lish the type of collaborative environment described by Kapp
(2009). Thus, these two groups demonstrated shared expec-
tations and, as suggested by Kapp (2009), experienced eftec-
tive teamwork. Alternatively, Factor 1b did not effectively
work together and demonstrated some major issues related
to collaboration and shared workload.

Without this collaborative framework, PBL becomes inef-
fective, as shown with participants represented by the Factor
1b viewpoint. These students’ groups lacked the reflective
social discourse described by Land and Zembal-Saul (2003).
Students within the groups on the Factor 1b view, lack the
type of motivation to participate in collaborative learning
processes necessary in PBL (Ryan & Deci, 2000). Overall,
students on Factor 1b did not express a sense of belonging
to the group. These students did not feel supported by their
teammates. Instead, participants on this view felt they were
left in a position that obligated them to do most of the work
related to the PBL.

Alternatively, Factor 2 students belonged to groups that
embraced reflective social discourse as described by Land
and Zembal-Saul (2003). These students feel engaged within
their groups—a characteristic described as important within
PBL (Ryan & Deci, 2000). The group framework motivated
the Factor 2 students to work not only for their own suc-
cess but also for the success of their teammates. The Factor 2
Committed to my group view embraces the group dynamic of
PBL even if they do not embrace science learning.

The Motivated learners, Factor la, represent what science
faculty would like to see: these students enjoy science and
are interested in improving their understanding of science,
despite believing that science is not well connected to their
desired career choices. No indication is apparent that stu-
dents on this viewpoint became more interested in science
because of the PBL chemistry experience. Although both
Factor la and Factor 2 demonstrate motivation within the
PBL experience, the source of that motivation is quite dif-
ferent for these two viewpoints. The Motivated learners are
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driven by their personal success in the course and their inter-
est in science. Alternatively, the motivation of those repre-
sented by the Factor 2 view is based on students not wanting
to disappoint their teammates and wanting success for the
group more than just individual success.

In summary, PBL is a pedagogical strategy that encourages
student-directed learning that is focused on solving a mean-
ingful, authentic, open-ended problem with no set solution
(Hmelo-Silver, 2004). The importance of the student group’s
ability to collaborate is demonstrated within the results of
this study. A negative PBL experience is strongly related to
problems regarding group dynamics and the balanced work-
load across the multiple members of the team (Factor 1b).
When the group dynamics are positive and the workload is
more equitably shared, students have a more positive experi-
ence even when they lack an overall interest in science, as
demonstrated by the Factor 2 viewpoint. The opportunity to
have different roles within the student team was important
to these students and allowed them to draw on their non-
science interests. Those students, who are typically interested
in science and learning, embrace PBL as well (Factor 1a).
Without the pandemic, the laboratory instructors may have
been more effective in defusing student group issues. The
instructors did find that the need to use WebEx to meet with
student groups during the pandemic facilitated private meet-
ings with individuals as well as a group to discuss group-
dynamics. Finally, in the future, the laboratory instructors
may need to find ways to help orchestrate knowledge-build-
ing discourse within the student groups, as described by
Hmelo-Silver and Barrows (2008), as well as finding addi-
tional ways to assist students in equitable workload sharing
within their teams.

References

Agarwal, P. K. (2019). Retrieval practice & Bloom’s taxon-
omy: Do students need fact knowledge before higher order
learning? Journal of Educational Psychology, 111(2), 189-
209. http://dx.doi.org.ezproxy.uakron.edu:2048/10.1037/
edu0000282

An, Y.J. (2013). Systematic design of blended PBL: Exploring
the design experiences and support needs of PBL novices
in an online environment. Contemporary Issues in Tech-
nology and Teacher Education, 13(1), 61-79.

Banasick, S. (2019). Ken-Q Analysis (Version 1.0.6) [Soft-
ware]. Available from https://shawnbanasick.github.io/
ken-g-analysis/ doi:10.5281/zenodo.1300201.

Barrows, H. S. (1996). Problem-Based Learning in medicine
and beyond: A brief overview. New Directions for Teach-
ing and Learning, (68), 3-12.

Bate, E., Hommes, J., Duvivier, R., & Taylor, D. C. M.

(2014). Problem-based learning (PBL): Getting the
most out of your students - Their roles and responsibili-
ties: AMEE Guide No. 84. Medical Teacher, 36(1), 1-12.
https://doi-org.ezproxy.uakron.edu:2443/10.3109/01421
59X.2014.848269

Bodner, G. M. & Herron, J. D. (2003). Problem-Solving in
Chemistry. In J.K. Gilbert et al. (eds.), Chemical Educa-
tion: Towards Research-based Practice, 101-124. Nether-
lands: Kluwer Academic Publishers.

Brown, S. R. (1980). Political subjectivity: Applications of Q
methodology in political science. Yale University Press.
Chinn, C. A., & Malhotra, B. A. (2002). Epistemologically

authentic inquiry in schools: A

theoretical framework for evaluating inquiry tasks. Science
Education, 86(2), 175-218.

De Vos, W, Bulte, A. M. W,, & Pilot, A. (2003). Chemistry
Curricula for General Education Analysis and Elements
of Design. In J.K. Gilbert et al. (eds.), Chemical Educa-
tion: Towards Research-based Practice, 101-124. Nether-
lands: Kluwer Academic Publishers.

Hmelo-Silver, C. E. (2004). Problem-based learning: What
and how do students learn? Educational Psychology
Review, 16, 235-266.

Hmelo-Silver, C. E. & Barrows, H. S. (2008). Facilitating col-
laborative knowledge building. Cognition and Instruc-
tion, 26(1), pp 48-94. doi: 10.1080/07370000701798495

Hofstein, A., & Lunetta, V. N. (2004). The laboratory in sci-
ence education: Foundations for the twenty-first century.
Science Education, 88, 28-54.

Jonassen, D. H. (2000). Toward a design theory of problem
solving. Educational Technology Research and Develop-
ment, 48(4), 63-85.

Jonassen, D. H. (2011). Learning to solve problems: A hand-
book for designing problem-solving learning environ-
ments. New York: Routledge.

Kapp, E. (2009). Improving student teamwork in a collab-
orative project-based course. College Teaching, 57, pp
139-143.

Kim, C. M., Park, S. W,, Huynh, N. & Schuermann, R. T.
(2017) University students’ motivation, engagement and
performance in a large lecture-format general education
course. Journal of Further and Higher Education, 41(2),
201-214, https://doi.org/10.1080/0309877X.2015.1070401

Land, S., & Zembal-Saul, C. (2003). Scaffolding reflection
and revision of explanations about light during project-
based learning: An investigation of progress portfolio.
Educational Technology Research and Development, 51,
65-84. DOI: 10.1007/BF02504544

McKeown, B., & Thomas, D. (2013). Q methodology. Sage.

Miller, B. J., & Sundre, D. L. (2008). Achievement Goal
Orientation Toward General Education Versus Overall

| www.ijpbl.org (ISSN 1541-5015)

Fall 2021 | Volume 15 | Issue 2



Ramlo et. al,

Student views of a PBL chemistry laboratory

Coursework. JGE: The Journal of General Education, 57(3),
152-169. https://doi.org/10.1353/jge.0.0022

National Research Council. (1996). National science educa-
tion standards. Washington, DC: National Academy Press.

Newman, I. & Ramlo, S. (2010). Using Q Methodology
and Q Factor Analysis in Mixed Methods Research. In
A. Tashakkori, & C. Teddlie (Eds.), Handbook of Mixed
Methods in Social & Behavioral Research (Second ed., pp.
505-530). Sage.

Pfaff, E., & Huddleston, P. (2003). Does it matter if I hate
teamwork? What impacts student attitudes toward team-
work. Journal of Marketing Education, 25, 37-45.

Ramlo, S., Starvaggi, D., Mitchell, R., & Roketenetz, L. (2019).
Developing concourse & selecting a Q-sample: Prepara-
tion for a Q study about urban, American, middle-school
science students’ views of nature. Operant Subjectivity:
The International Journal for Q Methodology, 41, pp 1-11.
https://doi.org/10.15133/j.05.2019.006

Ramlo, S. (2021). Q Methodology as Mixed Analysis. In
A. Onwuegbuzie & B. Johnson (Eds.), The Routledge
Reviewer’s Guide for Mixed Methods Analysis (pp 199-
208). Routledge. https://www.routledge.com/The-Rout-
ledge-Reviewers-Guide-to-Mixed-Methods-Analysis/
Onwuegbuzie-Johnson/p/book/9780203729434#

Rowe, M. P, Gillespie, B. M., Harris, K. R., Koether, S. D.,
Shannon, L. Y., & Rose, L. A. (2015). Redesigning a gen-
eral education science course to promote critical think-
ing. CBE—Life Sciences Education, 14, pp 1-12. https://
doi.org/10.1187/cbe.15-02-0032

Ryan, R. M., Deci E. L. (2000). Self-determination theory
and facilitation of intrinsic motivation, social develop-
ment and well-being. American Psychology, 55, pp 68-78.

Ryan, R. M., & La Guardia. J. G. (2000). What is being opti-
mized over development?: A self-determination theory
perspective on basic psychological needs across the life
span. In S. Quails & R. Abeles (Eds.), Dialogues on psy-
chology and aging. Washington, DC: American Psycho-
logical Association.

Tobin, K. G. (1990). Research on science laboratory activi-
ties. In pursuit of better questions and answers to improve
learning. School Science and Mathematics, 90, 403-418.

Udo, M.K., Ramsey, G.P. & Mallow, ].V. (2004). Science
Anxiety and Gender in Students Taking General Edu-
cation Science Courses. Journal of Science Education
and Technology, 13, 435-446. https://doi.org/10.1007/
s10956-004-1465-z

Vygotsky, L. (1986). Thought and language (A. Kozulin,
Trans.). MIT Press (Original English translation pub-
lished in 1962.)

Susan E. Ramlo, PhD is president of SueZ Q, LLC and a senior
lecturer at The University of Akron. Her research focuses on
STEM education and Q methodology.

Carrie Salmon, PhD is Visiting Assistant Professor at the
College of Wooster. She was previously with the Department
of Chemistry, the University of Akron, where this research
was conducted.

Yuan Xue, PhD is Visiting Assistant Professor at Oberlin
College and Conservatory. He was previously with the
Department of Chemistry, the University of Akron, where
this research was conducted.

| www.ijpbl.org (ISSN 1541-5015)

Fall 2021 | Volume 15 | Issue 2



	31387_coverpage
	31387

