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ABSTRACT

Teachers adapt their instructional strategies over time based on a variety of contextual constraints. In response to these chal-
lenges, teachers often have to make changes to their PBL approaches. While the literature has documented generally posi-
tive results of initial PBL implementations, less is known about the degree to which teachers adapt their usage of PBL over
time. Some adaptations include a refined approach to teaching strategies, while others include significant diversions from
the original PBL model. A better understanding of the changes teachers enact provides important insight as to fidelity and
thus the expected learning outcomes of PBL. To address this gap, this research conducted semi-structured interviews with
experienced K-12 educators who employed PBL over multiple years. In terms of preparing for PBL, themes that emerged
from the interviews included more emphasis on reimagining the problem scope and design thinking. During classroom
time, teachers described shifting perspectives in terms of the following: problem-solving skills over content knowledge,
student control and teacher facilitation, and embracing failure. Relating to technology, teachers described more adoption
trends towards collaborative tools, while also describing opportunities and challenges with digital literacy. Finally, teachers
described strategic approaches to assessment in light of the ill-structured problems posed by PBL. Implications for practice

and theory are discussed.
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Introduction

Theorists assert that problem-solving is an important ele-
ment of effective learning, especially given that many of the
problems encountered within domain practice are ill-struc-
tured (Hara & Schwen, 2006; Jeong et al., 2019). These prob-
lems have no predefined solution; rather, an individual must
generate a viable solution in light of the constraints, diverg-
ing perspectives, and criteria inherent within the context
(Jonassen, 1997; Kim et al., 2017). Because there is no single
solution within these ill-structured problems, practitioners
must engage in causal reasoning (Hmelo-Silver et al., 2007),
decision-making (Sabus & Macauley, 2016), and argumen-
tation (Ju & Choi, 2017) as they collaboratively solve prob-
lems with their peers. Indeed, these competencies align with
21st century skills that emphasize the importance of critical
thinking and inquiry needed to solve complex problems (van
Laar et al., 2017).

Given the literature on how practitioners engage in prob-
lem-solving, theorists have discussed ways in which to bet-
ter support these higher-order learning functions. This has
caused many educators to move away from decontextual-
ized and didactic forms of teaching towards adoption of
problem-solving instructional strategies (Hung, 2016; Voet
& De Wever, 2017). One of the most prominent strategies is
problem-based learning (PBL), which asks students to solve
a case that is similar to the types of problems that practitio-
ners face (Barrows, 1986). In these strategies, students take
ownership of their learning while instructors move towards a
more facilitative role (Harper, 2018; Hmelo-Silver & Barrows,
2006; Kim et al., 2019). Learners especially engage in inquiry
and self-directed learning as they construct their knowl-
edge during various problem-solving processes (Frerejean
et al., 2019; Monchaux et al., 2015). Furthermore, students
work with their peers and resolve their diverging perspec-
tives encountered during inquiry (Ertmer & Koehler, 2018;
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Tawfik et al., 2018). It is therefore argued that this approach
better prepares individuals for the types of problems encoun-
tered in domain practice (Kim et al., 2019).

Despite the theoretical benefits of K-12 problem-solving,
teachers face many challenges as they attempt to implement
PBL. Research increasingly suggests that teachers adapt their
instructional strategies based on the realities of their local
instructional environment (Li & Stylianides, 2018; Voet &
De Wever, 2017). For example, while most K-12 teachers
have autonomy within their classrooms, they do not con-
trol the school climate where they operate, which may not
be conducive for PBL (Park & Ertmer, 2008). Additionally,
teachers may struggle with allowing students the freedom to
explore the content (Maxwell et al., 2005). Another compo-
nent that becomes challenging for teachers is how to design
authentic tasks (Revelle, 2019) and assess the open-ended
nature of cases posed in PBL (Fyfe & Brown, 2020; Hung et
al.,, 2019). In light of these documented challenges, one of the
concerns of PBL is that it is too labor-intensive and impracti-
cal for K-12 teaching contexts (Hung et al., 2019). Indeed,
large-scale studies and meta-analyses find variation in the
fidelity of PBL once implemented in the classroom (Hung et
al., 2019; Lazonder & Harmsen, 2016; Walker & Leary, 2009).

The aforementioned studies about PBL suggest that
teachers are reticent to fully espouse these student-cen-
tered approaches and implement it with fidelity. Although
strong in theory, the variety of implementation also adds to
the debate as to whether or not the theory of PBL is a fea-
sible instructional strategy in practice (Hung, 2011; Revelle,
2019). To date, various case studies have reported on the ini-
tial implementation of PBL and its effect on teachers’ peda-
gogical beliefs (Liu et al., 2012), self-efficacy (Park & Ertmer,
2007), and other areas. While these empirical studies pro-
vide invaluable information as to teachers’ experiences in
the first year, very little research has looked at how teachers
adapt to PBL over time. If fidelity is compromised and sig-
nificant variations emerge, it follows that one might ques-
tion the efficacy of PBL to produce reliable and sustainable
learning outcomes (Hung et al., 2019; Lazonder & Harmsen,
2016). As such, a further understanding of how K-12 teach-
ers adapt PBL is needed in order to best engender higher-
order learning initiatives and to support problem-solving
classroom strategies. To address this gap, this manuscript
first begins by exploring the emergence of problem-solving
in the K-12 context, including the theoretical tenets and the
constructs of PBL. We then present a study that details how
teachers describe their adaptations when implementing PBL
over time.

Literature Review

Problem-Based Learning

Although the definition of 21st learning is somewhat ill-
defined, many scholars and theorists agree it includes the
ability to engage in information-gathering, sense-making
from diverse learning resources, and collaboration. These
skill sets are increasingly emphasized in society given the
greater recognition of ill-structured problem-solving within
domain practice (Mainert et al., 2019). These problems lack
any pre-defined solution as many of the variables are latent
within the context (Jonassen, 1997; Jonassen & Hung, 2008),
such as the various perspectives and constraints inherent
within the situation. These types of problems also require
one to not be siloed in their approach but instead understand
the case within a broader systems perspective (Grohs et al.,
2018; Reed, 2016; Reed & Vallacher, 2019; Voet & De Wever,
2017). It is therefore difficult to categorically assess success;
rather, the individuals and peers must justify the viability of
the proposed solution in light of the elements within the case
(Ju & Choi, 2017).

Given the dynamic nature of domain practice, educators
are looking for ways to better develop problem-solving within
K-12 classroom settings. One of the most common strategies
is problem-based learning (PBL), which provides learners
the opportunity to solve the types of problems that frequently
occur within a domain. Although PBLs original implementa-
tion is difficult to trace, many agree that McMaster University
was one of the first to enact it as a system-wide curriculum
(Moallem et al., 2019). Rather than focus on didactic teach-
ing, the faculty used clinical cases as the driver of medical
education. Another change was to minimize the emphasis
on large, end-of-year grades and instead focus on formative
assessments needed to refine students’ learning. Over time,
PBL was applied as a way to engender specific learning skills
needed within clinical settings, including reasoning skills
(Barrows & Tamblyn, 1980), hypothesis testing (Loyens et
al., 2006; Mamede et al., 2019), and others. It is argued these
experiences better contextualize knowledge, which supports
transfer (Kolodner et al., 1996; Pedersen & Liu, 2002; Tawfik
& Kolodner, 2016).

PBL is designed to be a learner-centered curriculum that
provides learners the autonomy to solve authentic problems.
Rather than conflate it with traditional curriculum design
approaches, Savery (2006) argues that characteristics of PBL
include the following:

o Students guide their own learning.

o The ill-structured nature of the authentic case affords
an opportunity for open inquiry.

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

Summer 2021 | Volume 15 | Issue 1



Tawfik et al.,

How K-12 Teachers Adapt Problem-Based Learning

o Given that the problems are ill-structured, the cases
include an array of problems and related subjects.

« Students must be given an opportunity to work with
their peers to solve the problem.

o Reflection is an important part of the learning process
to consolidate the ideas encountered during inquiry.

« Rather than acting as sole disseminators of knowledge,
teachers serve to facilitate students’ individual learning
and collaboration with their peers.

At the core of PBL is an authentic problem as a way to
catalyze self-directed knowledge construction (Cho et al,
2015). As learners engage in inquiry, they must understand
the case (problem representation) and develop solutions
through iterative inquiry. Learners will seek out information
and share it with their peers and identify areas of disagree-
ment, which elucidate additional knowledge gaps. As groups
seek to justify their position and reconcile their differences,
research shows they engage in meaning-making and a shared
mental model (Ertmer & Koehler, 2018). In contrast with a
more lecture-based approach, learners are thus afforded the
opportunity to engage in higher-order thinking skills as they
synthesize diverse information sources with their peers.
Research specifically documents problem-solving compe-
tencies such as causal reasoning (Goodin et al.,, 2019), ques-
tion generation (Olney et al, 2012), analogical reasoning
(Kolodner, 1997), and decision-making (Tawfik & Jonassen,
2013). Others argue that the authentic nature of the case also
supports affective outcomes, such as motivation (Liu et al.,
2012; Wijnen, Loyens, Wijnia, et al., 2017) and self-efficacy
(Brown et al., 2013; Demiréren et al., 2016).

PBL in K-12 contexts

As time progressed, practitioners beyond medical edu-
cation began to adopt PBL within their own domains. To
date, K-12 teachers have employed PBL in upper grade levels
(Merritt et al., 2017) and in various subjects, including math,
science, social studies, economics, and literacy (Goodnough
& Cashion, 2006; Maxwell et al., 2005; Merritt et al., 2017;
Revelle, 2019). In line with the previously mentioned meta-
analyses, a number of studies in K-12 settings have found
equivalent or better knowledge gains when comparing PBL
to other instructional approaches (Merritt et al., 2017).
Additionally, in some instances, teachers have especially
noted the level of motivation and the quality of artifacts that
students generate when learning with PBL. In addition to
providing students with opportunities to excel and engage
with the curriculum on a different level, Revelle (2019) found

that PBL enabled teachers to have a deeper engagement with
the content, which led to a better instructional experience for
the learners.

Beyond documented student learning outcomes, addi-
tional studies have explored how teachers implement PBL.
For successful PBL implementations, teachers often need to
structure and support students through the process (Li &
Stylianides, 2018; Park & Ertmer, 2008). Although case stud-
ies have documented the benefits of PBL in K-12 education,
research has also documented various barriers to implement-
ing PBL in classrooms. One common barrier identified in the
literature is a reticence by some teachers to change the class-
room climate (Park & Ertmer, 2008). Indeed, teaching with
PBL requires a substantial paradigm shift where the teacher
is no longer the disseminator of knowledge but instead facili-
tates the process of learning for the students (Maxwell et al.,
2005). In some instances, teachers are beholden to testing
schedules, which drive their curriculum and instructional
strategies. In turn, these teachers often have to adapt materi-
als to fit their constraints. Additional obstacles include a lack
of professional development and organizational direction in
terms of school-wide curricula (Jerzembek & Murphy, 2013;
Park & Ertmer, 2008). Furthermore, teachers sometimes
have a difficult time identifying relevant issues and problems
for their learners (Ng et al., 2014; Revelle, 2019). As such,
the realities of K-12 instructional settings make it difficult for
teachers to implement PBL with fidelity.

Research Questions

The above research describes how PBL outlines specific
instructional processes that are derived from established
learning theories. When completed with fidelity, the litera-
ture suggests that learners are able to engage in more complex
forms of reasoning when compared with didactic approaches
to teaching. Despite its theoretical basis, related research
suggests that teachers often adapt their instructional strate-
gies based on the realities of their K-12 classroom context,
including size, technology resources, and other factors (Li &
Stylianides, 2018; Voet & De Wever, 2017). While the litera-
ture has documented generally positive results of initial PBL
implementations, less is known about the degree to which
teachers adapt their usage of PBL over time. Some adapta-
tions might include a refined approach to teaching strategies,
while others might include significant diversions from the
original PBL model. A better understanding of the changes
teachers enact provides important insight as to fidelity adher-
ence and thus the expected learning outcomes of PBL. Based
on this gap, we proffer the following research question:
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1. What are the adaptations that experienced PBL
teachers identify in response to the challenges of
K-12 teaching?

Methodology

This study employed an exploratory case study (Yin,
2017), which allowed the research team to address research
gaps related to “the ‘how’ or ‘why’ questions concerning the
phenomenon of interest” (Yazan, 2015, p. 138). Because the
research on how teachers adapt PBL over time is limited, this
approach helped to determine teachers’ PBL adaptations and
their rationale for doing so.

Participants

Participants were experienced K-12 teachers who were all
current or former students in a graduate-level instructional
technology program at a comprehensive university within
the southeastern region of the United States of America. In
terms of recruitment, interested participants were initially
asked to complete a brief eligibility survey. Of those twelve
that completed the survey, eight were eligible to participate
in interviews; others were excluded due to no K-12 expe-
rience with PBL or only one year in the profession. Of the
eight potential participants, six agreed to be interviewed. The
six participants who took part in the interviews held vari-
ous teaching positions and represented different school dis-
tricts all within the southeastern region of the United States
of America. The sample size included three males and three
females. Participants’ age range was largely homogenous,
with one participant whose age fell outside the 33-44 year
range. In order to take part in the study, participants had
to have at least two years of experience with implementing
PBL. Participants had an average of 15.3 years of teaching
experience and 6.5 years of experience implementing PBL.
The teachers taught a variety of subjects, including English
language arts (ELA), reading, science, special education, and
business. In terms of grade levels, one worked at the elemen-
tary level, two worked in middle schools, and three worked
in high schools.

Instrumentation

The present study employed qualitative data collection in
the form of semi-structured interviews, which were derived
from the Tamim and Grant (2013) study that looked at how
K-12 teachers implemented problem-solving strategies in
the classroom. Example interview questions included: How
do you define PBL? How has your definition of PBL changed
over time? What do you perceive the role of the teacher to
be in a PBL activity? When you plan a PBL activity, what

are the components that you include in your plan? How
has your view on what to include in the plan changed over
time? When learners encounter failure, how do you encour-
age them to engage in additional inquiry into the problem?
The questions were semi-structured to give the participants
opportunities to convey a narrative about their own journey
of growth in PBL. The interviews were approximately one
hour and were audio recorded in person by a member of the
research team familiar with PBL.

Data Analysis

This exploratory case study used evolved grounded the-
ory (J. Mills et al., 2006) as outlined by Corbin and Strauss
(2008) to answer the research question. Although the litera-
ture has described first-year PBL implementations, no con-
structs describe the adaptions that emerge over time. This
form of grounded theory thus allows this study to indicate
the distinct processes and actions that are inherent to the
phenomenon. In doing so, this qualitative approach develops
an “explanation or understanding that are arrayed to show
how the theory works” (Creswell, 2007, p. 85). Whereas tra-
ditional grounded theory moves forward as a “clean slate”
and aims to be free from bias, an “evolved grounded theory
approach” is sensitive to prior theory and literature, there-
fore “interweaving the literature throughout the process
of evolved grounded theory as another voice contributing
to the researcher’s theoretical reconstruction” (J. Mills et
al., 2006, p. 29). Macdonald (2001) further argues that this
allows an “extended and emphasized range of theoretically
sensitizing concepts that must be attended to in the analysis
of human action/interaction” (p. 136). Given that PBL is an
instructional strategy that has a set of prescribed procedures
and literature base, the researchers looked for and classified
indications of pedagogical, attitudinal, and behavioral shifts
among participants’ comments.

In line with similar exploratory case studies, the qualita-
tive data was gathered from a sample size of six participants
(Sockman, 2015). Each of the six original interviews were
transcribed and checked against the original audio for accu-
racy by the two research assistants. The two research assis-
tants then divided each transcript into line items as units of
analysis, each representing unique ideas for coding. In line
with an evolved grounded theory approach, the research
team initially used an open-coding approach to determine
emergent themes within and among the line items (J. Mills
et al., 2006). For example, several line items revealed an atti-
tude shift toward failure as part of the learning process rather
than as something to be avoided. Other shifts related to self-
directed learning, the teacher’s role, classroom culture, skills
development, student reaction, the problem, tools and tech-
nology, assessment, limitations, and collaboration. With this
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lens, the two research assistants identified nine and eleven
unique codes, respectively. The assistants further defined
their independent codes with exemplary quotes pulled from
the line items. After this process, the two research assistants
and one senior member of the research team discussed the
codes and quotes to look for patterns, similarities, and dis-
crepancies. Through discussion and negotiation, the team
was able to condense and refine the codes to (a) four broad

themes based on when the adaptation happened and (b)
eight subcodes that fit within the broad category. These eight
codes identified a pattern of shifted emphasis on partici-
pants’ pedagogies related to teaching PBL in year one versus
year two (see Table 1).

The two research assistants completed a second round
of analysis based on the eight axial codes and reached an
agreement on 61% of the line items. After negotiating the

Code Categories Codes

Adaptations prior to classroom instruction

1. More emphasis on redefining the learning space

2. More emphasis on upfront planning and design thinking

Adaptations in interactions with students

3. More emphasis on problem-solving skills over con-

tent knowledge

4. More emphasis on student control and teacher facilitation

5. More emphasis on embracing failure

Adaptations in technology

6. Technology as facilitating collaboration

7. Digital literacy

Adaptation after PBL instruction

8. Assessment

Table 1: Final Eight Axial Codes

discrepancies, the inter-rater reliability increased to 90%. A
senior member of the research team reviewed the remain-
ing 10% and determined a code to best fit each based on
the team’s definitions. Finally, the researcher who served as
interviewer independently reviewed the prior rounds of cod-
ing. After round two of coding, the entire research team met
for one final debriefing.

Results

More Emphasis on Redefining the Problem Space

One of the themes that emerged focused on how the teach-
ers shifted the scope of PBL cases, especially relating to initial
design and case authenticity. In terms of initial design, teach-
ers described how the state standards served as the starting
point for an authentic case. For example, Participant 6 (P6)

described how “generally speaking, I look at the standard”
to start designing cases. Others such as P5 echoed this state-
ment when she said her problems are “something that is tied
to a standard” As they gained more experience with PBL,
the teachers also described how the cases increasingly caused
them to rethink their definitions of authenticity and how to
infuse additional context into the PBL experience. In terms
of the problem space, P6 elaborated on how she increas-
ingly designed cases to be “worlds in which we have to solve
problems and things. And so I always make an attempt to
try to give my students a real, authentic look at, you know,
how they can use these skills.” As time went on, P1 similarly
described questioning “what authenticity means and allow-
ing students to have more voice in what’s authentic to them.
What communities are authentic or real or they participate
in that aren’t necessarily school. And allowing them to think
about [it]. Maybe it is a club in school, but maybe also it’s
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a group that they participate with” The cases, therefore,
included a mix of state standards and local issues in which
the students were situated. In doing so, authenticity was not
just about designing a compelling case, but thinking through
problems that were reflective of the community so students
could develop their own voices and citizenship when solving
problems.

Teachers described how they initially viewed the problems
as smaller segments, but increasingly expanded the assigned
case to accommodate the ill-structured nature of the authen-
tic problem. For example, P2 noted that:

I define problem-based learning as giving authen-
tic problems that exist in the content area, along with
other disciplines that could be brought in that could
help a student learn how to critically look at differ-
ent kinds of issues and critically look at content that
is being presented. It used to be that I would look at
problem-based situations, problem-based learning as
little scenarios. And ‘OK, we're gonna do a problem-
based activity’ And it would be more of a short-term
kind of thing. As we have moved forward, I find that if
you can infuse different aspects into a problem-based
activity, that you get more leverage.

As she noted, the interdisciplinary view of the problem
space inherently led to larger cases, which expanded the
modules. In a similar vein, P3 described how she’s become
more interdisciplinary in terms of the cases she designs as
an ELA teacher: “And I've always tried to connect it to their
science or social studies standards. But it’s, I don’t know, I feel
like there’s so many other things out there that we could talk
about. And like environmental, you know, issues in the real
world. You know, getting them to branch out a little bit more
into current events or things happening in the world or tap
into some engineering, more engineering things. And not
just be stuck to our fourth grade standard” Although they
started with a pre-defined standard, she described how the
lens of authenticity moved her to think about related con-
cepts from an interdisciplinary perspective.

More Emphasis on Upfront Planning and Design Thinking

In addition to shifting definitions of authenticity and prob-
lem scope, the participants indicated a trend toward greater
upfront planning as to provide better structure and support
for student-centered instruction. Indeed, PBL and other con-
structivist learning pedagogies are often met with trepida-
tion among teachers because of perceived reduced teacher
control (Noweski et al., 2012). Over the years, the partici-
pants in this study mitigated this issue by focusing more on
upfront planning and design thinking to guide students along

their learning path while still giving them autonomy. This
included considering resources, having empathy, and align-
ing the case elements with the students’ prior knowledge. In
terms of resources, P1 described the challenge of planning
for problem openness and the students’ need for structure:

I'm trying to think of the right word... more strictly
and in a more... the better understanding of where stu-
dents are gonna go off on a tangent and how to draw
them back in or guide them on a more, more appro-
priate path for their questions. The teacher has to put
in, the teacher has to be the front loader and the sup-
port system.

Other participants elaborated on upfront planning with
concrete PBL components that they now prepared prior to
implementation. P2 and P3, for instance, both referenced
the challenge of finding optimal resources and how this
required a significant amount of time. P5 reflected on gener-
ally including more components upfront to structure student
success once implemented in the classroom:

Well, when I originally implemented it, it was mainly
maybe just a standard and a task for the students to
do. But now we've added more with vocabulary and
rubrics, letting the kids see what it is that they need
to do in order to have a, I would say, a passing grade
for that particular project or problem-based learning
activity. It’s just different things that we see that we
needed to add to make it more productive on the stu-
dents’ behalf.

As noted by the quotes above, upfront planning places the
responsibility on the teacher to develop structures and logis-
tics for PBL early to reduce confusion once students take
ownership of their learning during class time.

As part of upfront planning, many noted espousing prin-
ciples of design thinking. Although iterative stages of design
thinking can vary, models commonly include the follow-
ing: empathize, define, ideate, prototype, and test (Stefaniak,
2020). Most participants in this case especially demonstrated
adherence to the first stage (empathy)prior to PBL activities.
Empathy, as seen in the last section, is imperative to under-
standing the authenticity of problem space for the learners
(Stefaniak, 2020). As an extension of that, participants also
reported empathy in terms of getting to know and design for
students’ personalities. P3, for example, adopted personality
tests at the beginning of the school year to empathize with
students and aid PBL group work later:

The first time I ever implemented a PBL and I just
you know, you can get with a partner or group, what-
ever, make your own. And then kind of noticed, you
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know, there were some weird groupings [...]. And so
then you see kind of it. It really helps to start think-
ing about that and like, “OK, well, this kid gets really
stressed. This kid actually perseveres. This kid some-
times needs a little more motivation.” And so when you
have one of each in the group, then it’s not overloaded
one way or the other.

While P3 employed personality tests to better understand
students, P6 approached this in a slightly different way by
focusing more on prior knowledge. He explained, “It gave
me a really good opportunity to assess where my students
were at and set them up for the type of learning that I was
expecting them to be able to engage in in the classroom. You
know, kind of like just a... almost like trust building exercises
at the beginning of the semester.” These discussions reveal a
trend toward teachers thinking as designers and empathizing
with their students before PBL activities begin.

Norton and Hathaway (2015) asserted that “the design
process is cyclical or iterative as new and existing designs are
reworked until they fit the needs of others” (p. 8). In line with
that assertion, some participants indicated that their design
thinking mentality and iterations extended beyond upfront
planning into the actual PBL implementation. Specifically,
the participants appeared to adopt the iterative nature of
design thinking as evidenced by their efforts to adapt and
improve their PBL lesson plans. P4 explained that when PBL
activities fail “you just, you know, make adjustments because
[...] we're in it for the kids and you got to think whats in their
best interest.” P5 approached iteration by advocating for “col-
laborating with other teachers or teachers in the same content
area and asking ideas for your [...] problem-based learning”
When asked how he approached PBL activities, P1 remarked,
“Depending on the standards, what the first thing is design
thinking and the importance of going back and going back
and testing your initial ideas” P6 elaborated further:

And so, you know, that that revision process I found
was so instrumental in my own career that I started
putting it more and more often into the problem-based
learning. It’s not that you throw something together
and see if it works, but it’s more like you throw some-
thing together, you beta test it, and then you get to...
then you make changes and then produce something
that is actually kind of publishable or, you know, able
to be demonstrated to a larger audience. So if it was
anything, it was like finally completing that circle, you
know, instead of just, you know, like, here’s the assign-
ment, let’s see a product. So I think that’s shifted over
time more than anything.

Based on the quotes above, it appears that these teachers
have adopted the constructs of empathy and the iterations of
design thinking to support their upfront planning, as well as
their continuous improvement of PBL lesson plans.

More Emphasis on Problem-Solving Skills over Content
Knowledge

When asked about ways in which their PBL instruction
changed over time, participants noted an increasing desire to
emphasize problem-solving skills over content. The specific
skills noted by teachers included 21st century skills, iterative
problem-solving, and knowledge transfer. For example, P3
evolved to see problem-solving skills and 21st century skills
as the ultimate goal: “It's not even [about] their final prod-
uct. Like during the process, if I see kids going ‘Oh my gosh,
I can't believe that. Oh my gosh, look what I found. Like
those ‘aha’” moments. That’s when I feel like, ‘OK, we're get-
ting somewhere.” Although a prior theme described teachers
building from the standard, participants described a realiza-
tion that their job was no longer just to “impart knowledge
on them [students] through like, you know, lectures or things
like that” (P6); rather, the teacher became more focused on
the students’” thought processes needed for problem-solving.
P6 noted that as they gained more experience, “it’s not the
content that ’'m interested in, but the skills that the students
develop in the process and the knowledge they gain about
their learning and their ability to produce things that are
beyond their own original thoughts” P1 elaborated further
when she said:

Which goes back to how much time should be really
spent building in those thought processes and not...
So students figure out how they think about things
before you implement this big idea. [...] And I initially
thought it should be one way, but I've opened up to the
concept of students have to figure out how they have to
think about things. And then you dive into the prob-
lem that you want them to solve or problems that you
want them to solve.

Accordingly, the goal of teaching became to prepare effec-
tive problem solvers, students who “really look at the differ-
ent ways that they can solve a problem and choose a better or
a... a better choice for solving a problem” (P2). Interestingly,
participant statements also pushed past the pedagogy shift
for the teacher to emphasize the importance of transferabil-
ity of those 21st century skills to other classes and problems.
Comments like the following from P2 illustrate the shift:

My view has changed that it is important what we
do, and that the things that we do are student-centered,
and that the student learns and that the student can
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explain. And if the student can go on and use what
they learned in other areas of their academic courses,
or if they can use it in other areas of their... of their
career, then that’s been successful. And I never really
thought about that when I first started doing it. But it
is important.

Similarly, P6 noted that he adheres to the standards in
his planning process, but he’s often “thinking beyond that to
actual skills that a student would need to be able to survive
in the real world” On the other end of the lesson planning
process, P1 strategically used reflection to reinforce student
self-awareness of their skill development:

That's all the reflection piece and students being able
to actually say what they believe they learned from the
experience and not necessarily what they learned from
the project. It might be a tangential skill, but it should
be transferable. I learned how to research. I learned
how to build something, I learned how to use X tool
and actually being able to take something away from
the experience that they can use in another part of their
education, regardless of what that is.

Rather than just focus on specific rote memorization of
topics, the participants emphasized the importance of inten-
tionally prioritizing how the content could be applied during
problem-solving.

More Emphasis on Student Control and Teacher
Facilitation

In line with prior literature, the coding also elucidated
changes in the teacher-student dynamic; that is, teach-
ers described how they still struggled to find the balance
between student autonomy and teacher facilitation. In con-
trast with their early implementations of PBL, teachers came
to encourage more self-directed learning, understand indi-
vidual student needs, and embrace a co-learning model with
students. As time progressed, they also noted the importance
of facilitating through different approaches to reflection. In
terms of espousing more self-direction in students, P2 com-
mented on how her initial interactions with the students
were increasingly more teacher-driven: “[At first] I would
talk a lot, and I would share. And I still do share, you know,
ways but I use a lot more student-centered discussion now.
Much more student-centered discussion. Much more ‘Well,
what do you think or how would you approach this?” Or
‘Why are you, you know, why are you doing this particular
task this way?” And really more of a questioning and really
listening to the students. So I have really moved more to...
or a less from a teacher-centered ‘let’s talk about this’ and to

‘you talk and let me interject as I see I need to” Similarly, P1

commented, “Initially, I thought the role of the teacher was
to push them along into one particular lane that I thought
was supposed to provide the answer, and now I have more
decidedly thought that my role as an instructor, my role as
an instructional coach is to provide the structure for students
to climb their way through that way more appropriately or
more gradually... So originally it was I was told that I was
going for it and it was a very strict process in what student
should be completing” In some sense, this discussion of class
time is the corollary of the comments describing teachers’
upfront planning to impart structure. P1 went on to describe
various tools he employed to provide that structure, but
instead how he went the other direction and “overscripted”
student learning at times. As he became more familiar with
PBL, he described: “And in reflecting on that, I realized that
students should be given more autonomy to figure out their
process. [...] An explicit redirection is a method that’s really
easy, but it does take away the student agency and I'm defi-
nitely guilty of it”

Others commented how there was a need to be perceived
as the expert, which was difficult to do given the open-ended
nature of PBL and varying solution paths a student might
explore. The teachers went on to describe the challenge of
students at different levels and how difficult it was to man-
age their individual needs. P2 described how there were mul-
tiple students who wanted structure, as well as students who
moved away from the goals of the case: “And I usually end up
conferencing with both of those students to try to figure out
exactly where they’re going to go with a project” To address
this issue, they learned over time not just to facilitate, but
to view themselves as co-learners with the students: “But I
think the teacher at the same time that they’re facilitating
and establishing the guidelines for the kids, they [teachers]
have to be in that learning role as well and be able to accept
new ideas from the students in PBL. When I was originally
implementing it, I thought that the teacher just had to be in
control of everything and guided the process step by step.
And like I said before, instead of giving the kids free range
and being able to think outside the box. I think that’s how my
view is changed now”

To support their interactions, teachers highlighted the
importance of shared reflection to establish a shared mental
model across teachers and students. While many expressed
originally doing this at the end of instruction, they often
described different adaptation strategies that emerged over
time. In terms of an ad hoc approach at the beginning, P3
details how “I now do a little more brainstorming as a group.
And that KWL kind of thing that I have them do at the
beginning, I look at those a little more closely and we kind of
have more of a class discussion where everyone has to share
at least one thing they already know, so it kind of... And we
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put them on a post-it note on the on a chart together. And
so I can kind of see like... Even just one, if you're just telling
me one detail or one fact or one thing, you think you know
it. It’s very telling on kids who are like getting it and kids
who are still, you know, like really clueless. So a little more
on the front end of building background knowledge.” Others
highlighted the importance of reflection as an important
instructional strategy to mitigate potential issues: “And T'll
tell you, you know, that really changed me, too. I hated doing
reflections then. But, boy, I really see the value of looking
back and saying, ‘Well, what did I learn? What, you know,...
what was it I was trying to learn, and what was good about
this, and what would I do differently?’ So I think that reflec-
tion is important for students as well” (P2). Although the
reflection strategies are different, both helped to consider the
classroom’s collective learning gains and thus help manage
the changing teacher and student dynamic.

More Emphasis on Embracing Failure

Depending on the structure and support used in PBL, stu-
dent failure was described as something that teachers increas-
ingly embraced as part of the instructional strategy. Teachers
therefore expressed needing to change their classroom cli-
mate and mentality about failure during problem-solving. To
support this, participants emphasized the need for embrac-
ing principles of the so-called “growth mindset” (Dweck,
2016) upfront with learners. P1 described how PBL shifts
culture and perspectives on failure when she said: “I think
it needs to be a decision because it’s [PBL] pedagogically dif-
ferent than the way a lot of teachers that I've worked with
teach. You have to build the culture in from the first day of
school. The thought process has to be different. Emphasizing
growth mindset, emphasizing not just failing but emphasiz-
ing the importance of what you do, do well, what students
do well...” Similarly, others noted that failure was not just a
cognitive activity, but part of the overall sustained change in
the classroom climate: “It’s not really something that you can
say halfway through a semester. ‘Oh, I'm going to do thisin a
couple of weeks’ because if you drop that concept of now the
student is in charge and now the student has to research then
it throws off the entire culture of the class” (P1). For failure
and struggle in PBL to be accepted, the classroom climate
needs to welcome it. The data highlights that this change is
not instantaneous, but requires setting the mindset from the
beginning.

In addition to changing the climate, the participants talked
about how failure is inherent in complex problem-solving
and how it impacted different types of students. For example,
one participant (P3) shared how a change in the climate was
especially necessary for different populations of learners:
“I have a lot of gifted kids in here. And so theyre used to

immediate, like getting it every time. So we have to have the
conversation that it’s [success] not going to be immediate.
You're going to have to research, and research means search
again and again and again and again” While encouraging
students to rebound from failure is critical, teachers similarly
described the equally important need to be mindful of how
failure was received by other populations:

My school is a high poverty school, and my kids have
some issues with coping skills. And I mean, you know,
that’s just honest and true. Sometimes kids who are in
those situations do not... if it's not working, they will
just quit. And I think that that is something that prob-
lem-based learning helps a student to see - well, you
know, you really don't have to quit when something is
not working. You figure out a different way to make it
work and you figure out a different way to approach the
situation. And I think that problem-based learning is
very valuable in that scenario. (P3)

While some expressed the benefits of failure, teachers also
described adaptations to avoid frustration. A common prac-
tice that teachers used was conferencing with the learners.
For example, P3 detailed, “I try to do a lot of conferencing
and like check-ins, you know, so like I'll pop around to the
groups kind of constantly or just kind of listen in. So when
I hear them start to get frustrated or fail, of course, I always
tell them, ‘Come to me, you know, don't just sit there and
freak out... Where are you in the process? What are your
questions? What are you looking for? What are you strug-
gling to look for? Do you think we need more resources or
are you looking for something specific that’s not here?” We
just kind of conference about it.” Another participant echoed
this method for embracing failure: “And looking at, okay,
why don’t we, you know, maybe having them talk with even
a teammate or a classmate or having them look at: Okay, let’s
brainstorm this and how, you know, how... Why do you think
this happened and how can we, you know, how can we look
at this a different way? But really mostly mini-conferences is
what I've used in the past” (P2). As such, a common method
of helping students embrace failure once it has occurred is
through this conferencing method.

Technology as Facilitating Collaboration

Another recurring theme that emerged throughout the
interviews was the use of technology in the classroom.
When asked to elaborate on how their views on technol-
ogy changed, participants especially noted they had adopted
tools that supported collaboration and sharing of resources.
For instance, P1 noted that she shifted her selection of col-
laborative specific tools because they “can be used really
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well to communicate if it's a group project or a one-on-one.
Whereas a single student project, that’s a really good open
way for students to communicate with each other and then
for teachers to check in and communicate it with students
and then production” When asked why the shift towards
more collaborative technology, P6 elaborated:

I specifically like that because then I have groups
that can work together that are not geographically
bound. It’s not like ‘Let’s go over to Susie’s house and
make popcorn and make a poster. It's more like, you
know, can I work, you know, with other members of
my group to produce this in in a virtual atmosphere
like environment where like... it’s easy to look back
and kind of see the revision history, to see like who's
pulling their weight and who’s not kind of thing.

Although various participants noted the increased use
and access to collaborative technology to be a positive in
the classroom, one participant offered a negative side to the
use of technology in PBL over time. For example, the use of
many different technology tools in the classroom became
intimidating from a classroom management perspective. P5
expressed this fear about technology in PBL:

I think that’s what has, I guess, scared a lot of teach-
ers off and especially with the integration of technology,
because they don't... some teachers don’t feel comfort-
able with using the different technology tools, so it lim-
its their use in classroom because I guess they feel that if
they don’t know how to master it and keep tabs on what
all the students are doing and be the expert in every
aspect, then it kind of scares them where they’re not...
they don’t want to venture into those types of projects.

The data above indicate the use of technology in the
classroom allows PBL teachers to explore different avenues
within and outside the classroom. It also enables teachers to
support students across time/space barriers through the abil-
ity to collaborate with one another. Additionally, technology
allows students to research and find their own resources dur-
ing inquiry, along with offering teachers more resources than
were previously accessible.

Digital Literacy

As it relates to technology, teachers also noted a shift in
their approaches to digital literacy; that is, the students’ abil-
ity to use information resources during inquiry (Porat et al.,
2018). Whereas digital literacy is important for inquiry dur-
ing PBL, the teachers commented on its impact on teacher/
student roles and information overload. As the participants

described the shifting dynamic between teacher and student
roles, they shared how they now make a point to include
instruction on the information-seeking process:

The discernment of the information that's being
presented to you, is this, you know, is this information
that is, you know, true information that I can use in my
project, or is it something that I need to, you know, to
really question? And I think that there is value in that,
too, because, you know, you’re learning when you’re
doing that. (P2)

Beyond discernment of information, P3 noted that stu-
dents were increasingly seeking technologies that helped to
collect their inquiry artifacts: “They’re [the students] using,
you know, the Internet or, like I said, we combine the resources
into a page that they can access through their county logins
and on our media center platform. So for research, definitely”.
To that end, other participants highlighted how digital liter-
acy coincided with the shifting dynamic between teacher and
student roles. Interestingly, some noted how PBL often went
beyond their own content knowledge; hence, digital literacy
instruction was needed so as not to inhibit student learning:

There’s so much information out there, so many
learning tools that the kids can use. And so many
sources for information and the teacher couldn’t pos-
sibly just master all of it. So they have to be in a way
where they can accept new ideas or things that they
didn’t know about a particular subject. (P5)

Although digital literacy was deemed important, P2 fur-
ther elaborated on how digital literacy included inherent
challenges:

We have so many more resources. And that also
creates a problem. It creates a wonderful variety when
you have online resources and those things that you
can look at virtually and those things that you can do
online. But it also creates a situation where you are
thrust in to helping students to discern... what is... what
is it I really am looking at, and what and how... how
can I approach, you know, creating this... this project
or solving this problem and actually using their own
resources, their brains to work together? I think that
that has kind of been a two-edged sword there. You
know, as we moved forward with more technology, I
think you have to be responsible with that when you’re
working in any kind of a problem-based situation that
you don’t get caught up in: ‘Oh well let me just look at
this and see what this, you know, what this says.

In a similar vein, P5 detailed how:
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It was like teachers maybe knew how to solve a
particular problem their way. And you would, teach-
ers were mainly guiding the students to fit their logic,
or how they were thinking about a problem instead of
thinking outside of the box. Kind of guiding them to
their own solution. Well, but now, you know, with like
I said earlier, with so many different tools and so many
sources of information and different ways to solve
problems, you know, I see where that is expanded for
the students and can increase their thinking and mind-
set about approaching problems.

Whereas digital literacy has traditionally been described
in PBL as seeking information online, the teachers described
the importance of seeing digital literacy as (a) a way of going
beyond the mental model of the instructor and (b) a means
of constructing knowledge through iterative inquiry

Assessment

Towards the end of the PBL unit, participants remarked
on the changes of PBL assessment. Similar to prior studies of
first-year implementation of PBL, the data suggests a degree
of variability and change about how to judge the student
artifacts where there is no predefined answer. In line with
the prior comments from upfront work (More emphasis on
upfront planning and design thinking theme), many empha-
sized the increasing importance of rubrics to provide a base-
line for ill-structured problems assessment. P6 described how
initial rubrics for PBL included a set of very specific items:
“At the very beginning of, you know, the PBL experience, I
clearly articulated how I was going to score the assignment
so that it wasn’t in doubt. And like I said, those... that rubric
was very small. You know [...] like one of them would be
like it appropriately illustrates the theme... and develops the
theme of whatever it is we were looking at. So there was only
usually about three or four really important categories that
needed to be done” (P5). Others described how the rubrics
underwent changes to accommodate their changing case
designs and expectations of learning outcomes. For example,
P1 shared his change in perspective in terms of what should
be assessed:

I've always used rubrics, but the rubrics have
changed to be based on a level work. It’s not based on
things... a level where it used to be you completed it.
[Before it was] ‘it got completed really well and it looks
really cool and it’s thought out and completed.” Versus
[a] level of work now is ‘Did you attempt to complete
something that you didn't maybe know, you couldn’t
push yourself and ultimately come up with a solution
to a problem even if you weren't able to build it? Do you

have those other solutions because you've attempted
and things didn’t work out so well that time’ And I
place more value now on attempting understanding
and growth and learning as opposed to completion.

In this view, the assessments were not just about the con-
tent, but about recognizing the student’s ability to experiment
through their thought process. Similarly, P5 described how
her assessment shifted as she assigned different tasks: “Well,
when I originally started... it was just mainly looking at if
the kids, I think, we had like maybe a chart that had a par-
ticular task that the kids had to figure out. And you received
so many points for that particular, you know, that particular
task, when I first started. So it was mainly just a check off
to see if the kid had completed those particular tasks. Now
moving towards the rubric where the kids see that there are
varying levels of performance in the activity”” Similar to the
ill-structured nature of the problem, that data indicate teach-
ers seem to embrace a more open-ended approach to their
assessment strategies.

Discussion

The literature on PBL implementations describes how edu-
cators often adapt their instruction based on the contextual
constraints of their classroom, including standards, admin-
istrative support, technology, and other factors (Ertmer et
al., 2009; Hung et al., 2019). Research suggests that teachers
adapt this instructional strategy to meet the unique needs of
their environment (Lazonder & Harmsen, 2016; Walker &
Leary, 2009), which has caused some to highlight “theory to
reality” challenges and question the fidelity of PBL in mod-
ern learning contexts (Hung, 2011; Lazonder & Harmsen,
2016). Various studies have looked at the opportunities and
challenges of first-year implementations, but the literature is
less clear on how experienced teachers adapt their instruc-
tion and their adherence to the initial PBL constructs. Future
study in this area would provide insight into the ways in
which teachers diverge from the initial PBL model outlined
by theorists and its potential impact on learning outcomes.
Given the open-ended nature of the gap, this research study
employed an exploratory case study approach and analyzed
data using grounded theory, which elucidated adaptations
at various stages of instruction. Prior to implementation,
themes were focused on (a) reimagining the problem scope
and (b) design thinking. During classroom time, teachers
described shifting perspectives in terms of the following: (a)
problem-solving skills over content knowledge, (b) student
control and teacher facilitation, and (c) embracing failure. As
it relates to technology, teachers suggested (a) more adop-
tion trends towards collaborative tools, while also describing
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(b) opportunities and challenges with digital literacy. Finally,
teachers indicated diverse approaches to assessment in light
of the ill-structured problems posed by PBL.

Adaptations Prior to Classroom Instruction

The first codes (redesigning the problem space; upfront
planning and design thinking) were largely focused on
instructional preparation prior to classroom instruction.
What is noteworthy in this study is how teachers described
adapting the assigned case and broadening the problem space
as they gained more experience with PBL. In contrast to initial
implementations that focused PBL problems around a core
set of topics, the teachers detailed how they began to move
towards more authentic and interdisciplinary problems. This
supports the view of Park and Ertmer (2008) that expert PBL
teachers were more likely to apply multidisciplinary efforts
during instruction. More recently, Stehle & Peters-Burton
(2019) posited that “designing real-world problem scenarios
for the classroom provides a framework by which students
can engage in 21st Century learning” (p. 4). However, extant
research indicates that program area teachers are often siloed
in their domains during professional development (PD) (R.
Mills et al., 2020; Voet & De Wever, 2017). PD sessions could
instead encourage case-building across disciplinary areas. In
some ways, this aligns with the recent “STEAM” trend as art
teachers are collaborating with STEM instructors. Because
the role of the librarian has changed to emphasize more
instructional design competencies (Cox & Corrall, 2013;
Kuhlthau, 2010), this may also position the librarian to make
interdisciplinary connections during the case design process.

As teachers gained more expertise, they described the
need for upfront planning to counterbalance the open-ended
nature of class time afforded by PBL. They described this
upfront planning as not only developing the case, but also
anticipating resources and establishing initial guidelines to
avoid digressions that could derail the PBL module. What
is also notable is how teachers described adopting more of a
design thinking approach. This extends the prior literature of
iterative planning in PBL (Rillero & Camposeco, 2018; Rovers
et al., 2018), but especially highlights the empathy construct
of design thinking as the teachers gained PBL experience.
The present study reinforces prior studies that show that
as teachers gain more expertise with problem-solving, they
leverage PBL for 21st century skills development alongside
content standards. The transition from a focus on content to
skills is a potentially difficult change for teachers; it amounts
to a pedagogical paradigm shift for many teachers who
were often trained for teacher-centric classrooms (Ertmer &
Simons, 2006; Sproken-Smith & Harland, 2009). These skills
are further congruent with Stehle & Peters-Burton’s (2019)
study findings that “placing students in groups, structuring

feedback, and having students design a final project for a
particular audience” (p. 11) are teacher behaviors that pro-
mote problem-solving skills.

Adaptations During Classroom Instruction

Adaptations in Interactions with students

Another set of codes (i.e., more emphasis on problem-
solving skills over content knowledge, more emphasis on stu-
dent control and teacher facilitation, and more emphasis on
embracing failure) dealt with the adaptations that teachers
enacted during their classroom interactions with students.
In terms of the problem-solving skills over content knowl-
edge theme, participants discussed how it was important for
students to not only learn the subject matter but to develop
problem-solving skills that could be transferred “in the real
world” As noted earlier, the cases were designed with state
standards in mind, but increasingly emphasized authenticity
and opportunities for knowledge transfer.

Another component of the adaptations during instruction
relates to the need for the classroom climate to change, espe-
cially as it related to (a) student control and teacher facilita-
tion and (b) more emphasis on embracing failure. As to the
former, participants discussed the challenges of providing
students freedom in problem-solving and facilitation strate-
gies, which is consistent with prior studies (Maxwell et al.,
2005; Revelle, 2019; Tamim & Grant, 2013). As time pro-
gressed, they found that when they embraced a co-model of
learning with their students to account for the ill-structured
nature of problems, it resulted in a richer PBL experience
and allowed them to manage the teacher-student dynamic
better. Indeed, part of this change relates to the importance
of guiding the learners through the inquiry process. Teachers
must provide learners with the optimal level of scaffolding
(Hmelo-Silver & Barrows, 2006; Kim et al., 2019; Lazonder
& Harmsen, 2016), which can be difficult to balance.
Participants noted that they initially offered too much guid-
ance or would explicitly redirect students when it was not
completely necessary. As time progressed, teachers would
ask questions that were more open-ended and encouraged
students to revisit their reasoning process. The findings,
therefore, coincide with prior studies which show that open-
ended questions are more likely to encourage future iteration
from students (Furtak, Bakeman, & Buell, 2018).

The final adaptation described teachers’ changing
approach to embracing failure and how it impacted the over-
all classroom climate. Some students are not well-equipped
to deal with failure because they are used to understanding
the content in a well-structured and linear approach. One
direct method that participants used to address failures was
conferencing. These conferences involved teachers working
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directly with students encountering struggle through pointed
questions to provide them with formative feedback and
encouragement. In a sense, this approach serves as a method
for teachers to help guide the learners through failure, iterate
their problem-solving, and consolidate their attempts into a
more meaningful mental model (Kapur, 2018).

Adaptations in Technology

The research also described interesting PBL adaptations
relating to the shifting role of technology. Indeed, other stud-
ies have explored how teachers try to align their technology
and instructional strategy with desired learning outcomes
(Fidan & Tuncel, 2019; Metcalf et al., 2018; Rovers et al,,
2018). What is unique in this study is that educators espe-
cially described a migration towards technology that aided
computer-supported collaborative learning (CSCL). This
study, therefore, reinforces prior research that emphasizes
the importance of collaborative learning in PBL. In a recent
overview, Jeong and Hmelo-Silver (2019) describe how
CSCL literature is often segmented into three broad sections:
cognitive, process, and affective. In line with their results,
the data seemed to indicate a preference for more process
supportive tools. In many ways, the need to manage the col-
laborative process through technology is closely related to
the themes focused on problem-solving skills and student
control. The teachers also alluded to how the collaborative
technologies posed potential classroom management issues,
which they suggest caused other teachers in their district to
avoid PBL. While this provides clarity on teachers’ needs for
this instructional strategy, research suggests a reduced likeli-
hood of PBL being used in the classroom if a teacher does
not feel confident in using technology (Ertmer et al., 2012).

The final technology theme is related to digital literacy.
In line with prior literature, the teachers highlighted their
growing emphasis on information-seeking inherent in PBL
(Cleovoulou & Beach, 2019; Glazewski & Hmelo-Silver,
2018; Pedaste et al., 2015). Given that inquiry is an important
element of knowledge construction, it follows that students
are responsible for seeking out resources that support their
problem-solving processes. While studies have begun to
explore digital literacy in PBL (Frerejean et al., 2019; Zhang et
al., 2017), two interesting ideas emerged that address gaps in
the literature. First, the experienced PBL teachers described
how the overwhelming nature of information highlighted
the knowledge gaps within themselves. Teachers further
discussed the challenge of balancing the inherent decision-
making processes within digital literacy as students devel-
oped their own mental models, while also facilitating inquiry
that was potentially beyond the teacher’s understanding of
the phenomenon. The teachers described the importance of
upfront planning and embracing a co-learning model with

students. This is noteworthy because many PBL models are
often approached from the expert-novice mindset, which
positions teachers as the experts that guide the student. The
current study suggests that teachers need professional devel-
opment and models that support facilitation when the stu-
dents branch out beyond the teacher’s mental model.

Adaptation After PBL Instruction

The final coding detailed the shifting nature of PBL assess-
ment over time. Indeed, literature increasingly suggests that
assessment is one of the most challenging elements of PBL
given the complexities of ill-structured problems and how
PBL changes classroom roles (Odell et al., 2019; Tamim &
Grant, 2013; Wijnen, Loyens, Smeets, et al., 2017). In con-
trast to more well-structured problems, the parameters for
grading in PBL are often nebulous given the various solu-
tions that could be devised. Teachers cite challenges when
required to assign traditional points and grades to open-
ended problems, and some have even described its impact
as a threat to PBL fidelity (Odell et al., 2019). Research sug-
gests that this is even more complicated when alternative
artifacts (i.e., concept maps) are submitted at the end of a
PBL module (Ackermans et al., 2019; Giabbanelli et al., 2019;
Metcalf et al., 2018). In the current study, teachers shared
similar challenges about assessment in PBL and their corre-
sponding adaptations. One of the first suggestions included
how the rubrics became more open-ended over time, which
seemed to coincide with earlier statements about how prob-
lems became broader and more interdisciplinary. Finally,
others described how their assessment strategies included
additional attributes focused on personal growth and affec-
tive elements.

The results have important implications for teachers as
they gain additional experience with PBL. In the traditional
view of PBL, assessment was often tied to mastery of the con-
tent, which is similar in nature to more didactic approaches
focused on well-structured problems. More recent literature
has explored alternative forms of assessment, such as “sliding
scale” rubrics based on individual student needs (Mahmood
& Jacobo, 2019), self-assessments (Caswell, 2019), and oth-
ers. As instruction becomes increasingly tied to state stan-
dards, it may be difficult to fully document student success
from a content-only model. Given that PBL emphasizes iter-
ative problem-solving, educators could also use formative
approaches to capture affective learning outcomes, such as
motivation, self-efficacy, and persistence.

Limitations and Future Studies

While this study addresses a gap as it relates to experi-
enced K-12 teachers and PBL, there are additional research
opportunities. Due to the exploratory nature of the case
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study, we interviewed participants across various grades.
It is possible that PBL is implemented differently for early-
stage learners when compared with higher grade levels given
learners’ cognitive development and need for scaffolding. A
follow-up study could bound the case study around a spe-
cific grade or K-12 subject (e.g., STEM, language arts, etc.).
A related study could also look at differences in the teachers
themselves. The current study explored how K-12 teachers
familiar with PBL adapted their strategy over time, which
is more of a reflective approach. However, related research
shows that teachers go through various stages in their exper-
tise (McIntyre et al., 2017; McIntyre & Foulsham, 2018). A
future study could thus compare the fidelity of PBL between
novice, emerging practitioners, and more seasoned teachers.
This approach could have implications for targeted profes-
sional development, which is important for teacher training
(Herman, 2012; Peterson & Scharber, 2018).

An additional study could look at how experienced teach-
ers adapt their problem-solving within specific domains. It
is possible that teachers approach PBL differently based on
the complexities and problems within the subject. For exam-
ple, the engineering domain are often posed with decision-
making problems, while the law domain might include more
ethical dilemmas (Jonassen & Hung, 2008). It is possible that
the nature of the problem might influence teacher decisions,
such as case design and assessment strategies. In a similar
vein, the results are likely influenced by the K-12 context
explored within this study. For example, one might expect
the upfront planning and design thinking iterations to look
different when preparing for secondary students compared
to medical students. Future studies could explore the degree
to which these themes are recurrent across different PBL
contexts.

References

Ackermans, K., Rusman, E., Nadolski, R., Specht, M., &
Brand-Gruwel, S. (2019). Video-or text-based rubrics:
What is most effective for mental model growth of com-
plex skills within formative assessment in secondary
schools? Computers in Human Behavior, 101, 248-258.

Barrows, H. (1986). A taxonomy of problem-based learning
methods. Medical Education, 20(6), 481-486.

Barrows, H., & Tamblyn, R. (1980). Problem-based learning:
An approach to medical education. Springer Publishing
Company.

Brown, S. W,, Lawless, K. A., & Boyer, M. A. (2013). Promot-
ing positive academic dispositions using a web-based PBL
environment: The GlobalEd 2 project. Interdisciplinary
Journal of Problem-Based Learning, 7(1), 7.

Caswell, C. A. (2019). Recursive reflective reports: Embedded

assessment in PBL courses for second language teacher
education. Interdisciplinary Journal of Problem-Based
Learning, 13(2), 3.

Cho, Y. H., Caleon, I. S., & Kapur, M. (2015). Authentic prob-
lem solving and learning for twenty-first century learners.
In Y. H. Cho, L. S. Caleon, & M. Kapur (Eds.), Authentic
problem solving and learning in the 21st century: Per-
spectives from Singapore and beyond (pp. 3-16). Springer
Singapore.

Cleovoulou, Y., & Beach, P. (2019). Teaching critical literacy
in inquiry-based classrooms: Teachers’ understanding of
practice and pedagogy in elementary schools. Teaching
and Teacher Education, 83, 188-198.

Corbin, J. M., & Strauss, A. L. (2008). Basics of qualitative
research: Techniques and procedures for developing
grounded theory. Sage Publications, Inc.

Cox, A. M., & Corrall, S. (2013). Evolving academic library
specialties. Journal of the American Society for Informa-
tion Science and Technology , 64(8), 1526-1542.

Creswell, J. W. (2007). Educational research: Planning,
conducting, and evaluating quantitative and qualitative
research (4th edition). Prentice Hall.

Demirdren, M., Turan, S., & Oztuna, D. (2016). Medical stu-
dents’ self-efficacy in problem-based learning and its rela-
tionship with self-regulated learning. Medical Education
Online, 21(1), 1-9.

Dweck, C. (2016). What having a “growth mindset” actually
means. Harvard Business Review, 13, 213-226.

Ertmer, P, Glazewski, K. D., Jones, D., Ottenbreit-Leftwich,
A., Goktas, Y., Collins, K., & Kocaman, A. (2009). Facili-
tating technology-enhanced problem-based learning
(PBL) in the middle school classroom: An examination of
how and why teachers adapt. Journal of Interactive Learn-
ing Research, 20(1), 35-54.

Ertmer, P., & Koehler, A. A. (2018). Facilitation strategies
and problem space coverage: comparing face-to-face and
online case-based discussions. Educational Technology
Research and Development, 66(3), 639-670.

Fidan, M., & Tuncel, M. (2019). Integrating augmented real-
ity into problem based learning: The effects on learning
achievement and attitude in physics education. Comput-
ers & Education, 142, 103635.

Frerejean, J., Velthorst, G. J., van Strien, J. L. H., Kirschner, P.
A., & Brand-Gruwel, S. (2019). Embedded instruction to
learn information problem solving: Effects of a whole task
approach. Computers in Human Behavior, 90, 117-130.

Fyfe, E. R., & Brown, S. A. (2020). This is easy, you can do
it! Feedback during mathematics problem solving is more
beneficial when students expect to succeed. Instructional
Science, 48, 23-44.

Giabbanelli, P. J., Tawfik, A. A., & Gupta, V. K. (2019).

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

Summer 2021 | Volume 15 | Issue 1



Tawfik et al.,

How K-12 Teachers Adapt Problem-Based Learning

Learning analytics to support teachers’ assessment of
problem solving: A novel application for machine learn-
ing and graph algorithms. In D. Ifenthaler, D. K. MahJane,
& Y. K. Yau (Eds.), Utilizing learning analytics to support
study success. Springer.

Glazewski, K. D., & Hmelo-Silver, C. E. (2018). Scaffolding
and supporting use of information for ambitious learn-
ing practices. Information and Learning Sciences, 120(1),
39-58.

Goodin, T. L., Caukin, N. G., & Dillard, H. K. (2019). Devel-
oping clinical reasoning skills in teacher candidates using
a problem-based learning approach. Interdisciplinary
Journal of Problem-Based Learning, 13(1), 1-17.

Goodnough, K., & Cashion, M. (2006). Exploring problem-
based learning in the context of high school science:
Design and implementation issues. School Science and
Mathematics, 106(7), 280-295.

Grohs, J. R, Kirk, G. R,, Soledad, M. M., & Knight, D. B.
(2018). Assessing systems thinking: A tool to measure
complex reasoning through ill-structured problems.
Thinking Skills and Creativity, 28, 110-130.

Hara, N., & Schwen, T. M. (2006). Communities of prac-
tice in workplaces. Performance Improvement Quarterly,
19(2), 93-114.

Harper, B. (2018). Technology and teacher-student interac-
tions: A review of empirical research. Journal of Research
on Technology in Education, 50(3), 214-225.

Herman, ]. H. (2012). Faculty development programs: The
frequency and variety of professional development pro-
grams available to online instructors. Journal of Asyn-
chronous Learning Networks, 16(5), 87-106.

Hmelo-Silver, C., & Barrows, H. (2006). Goals and strategies
of a problem-based learning facilitator. Interdisciplinary
Journal of Problem-Based Learning, 1(1), 21-39.

Hmelo-Silver, C., Marathe, S., & Liu, L. (2007). Fish swim,
rocks sit, and lungs breathe: Expert-novice understand-
ing of complex systems. Journal of the Learning Sciences,
16(3), 307-331.

Hung, W. (2011). Theory to reality: A few issues in imple-
menting problem-based learning. Educational Technol-
ogy Research & Development, 59(4), 529-552.

Hung, W. (2016). All PBL starts here: The problem. Interdis-
ciplinary Journal of Problem-Based Learning, 10(2), 1-9.

Hung, W, Dolmans, D. H. J. M., & van Merriénboer, J. J. G.
(2019). A review to identify key perspectives in PBL meta-
analyses and reviews: Trends, gaps and future research
directions. Advances in Health Sciences Education: The-
ory and Practice, 24(5), 943-957.

Jeong, H., Hmelo-Silver, C. E., & Jo, K. (2019). Ten years
of computer-supported collaborative learning: A meta-
analysis of CSCL in STEM education during 2005-2014.

Educational Research Review, 28, 100284.

Jerzembek, G., & Murphy, S. (2013). A narrative review
of problem-based learning with school-aged children:
Implementation and outcomes. Educational Review,
65(2), 206-218.

Jonassen, D. H. (1997). Instructional design models for well-
structured and ill-structured problem-solving learning
outcomes. Educational Technology Research and Devel-
opment, 45(1), 65-94.

Jonassen, D. H., & Hung, W. (2008). All problems are not
equal: Implications for problem-based learning. Interdis-
ciplinary Journal of Problem-Based Learning, 2(2). http://
docs.lib.purdue.edu/ijpbl/vol2/iss2/4

Ju, H., & Choi, I. (2017). The role of argumentation in
hypothetico-deductive reasoning during problem-based
learning in medical education: A conceptual framework.
Interdisciplinary Journal of Problem-Based Learning,
12(1), 1-17.

Kapur, M. (2018). Examining the preparatory effects of prob-
lem generation and solution generation on learning from
instruction. Instructional Science, 46(1), 61-76.

Kim, N. J., Belland, B. R., & Axelrod, D. (2019). Scaffolding
for optimal challenge in K-12 problem-based learning.
Interdisciplinary Journal of Problem-Based Learning,
13(1), 1-23.

Kim, N. J., Belland, B., & Walker, A. E. (2017). Effectiveness
of computer-based scaffolding in the context of problem-
based learning for STEM education: Bayesian meta-analy-
sis. Educational Psychology Review, 30(2), 397-429.

Kolodner, J. (1997). Educational implications of analogy: A
view from case-based reasoning. The American Psycholo-
gist, 52(1), 57-66.

Kolodner, J., Hmelo-Silver, C., & Narayanan, N. H. (1996).
Problem-based learning meets case-based reasoning. Pro-
ceedings of the 1996 International Conference on Learn-
ing Sciences, 188-195.

Kuhlthau, C. C. (2010). Guided inquiry: School libraries in
the 21st century. School Libraries Worldwide, 16(1), 1.
Lazonder, A., & Harmsen, R. (2016). Meta-analysis of
inquiry-based learning: Effects of guidance. Review of

Educational Research, 87(4), 1-38.

Li, H. C,, & Stylianides, A. J. (2018). An examination of the
roles of the teacher and students during a problem-based
learning intervention: Lessons learned from a study in a
Taiwanese primary mathematics classroom. Interactive
Learning Environments, 26(1), 106-117.

Liu, M., Wivagg, J., Geurtz, R, Lee, S. T., & Chang, H. M.
(2012). Examining how middle school science teachers
implement a multimedia-enriched problem-based learn-
ing environment. Interdisciplinary Journal of Problem-
Based Learning, 6(2), 46-84.

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

Summer 2021 | Volume 15 | Issue 1



Tawfik et al.,

How K-12 Teachers Adapt Problem-Based Learning

Loyens, S., Rikers, R. M. ]. P., & Schmidt, H. G. (2006). Stu-
dents’ conceptions of constructivist learning: A compari-
son between a traditional and a problem-based learning
curriculum. Advances in Health Sciences Education: The-
ory and Practice, 11(4), 365-379.

MacDonald, M. (2001). Finding a critical perspective in
grounded theory. In R. Schreiber & P. Stern (Eds.), Using
grounded theory in nursing (Vol. 112, pp. 113-158).
Springer.

Mahmood, D., & Jacobo, H. (2019). Grading for growth:
Using sliding scale rubrics to motivate struggling learn-
ers. Interdisciplinary Journal of Problem-Based Learning,
13(2), 2-8.

Mainert, J., Niepel, C., Murphy, K. R., & Greift, S. (2019). The
incremental contribution of complex problem-solving
skills to the prediction of job level, job complexity, and sal-
ary. Journal of Business and Psychology, 34(6), 825-845.

Mamede, S., Figueiredo-Soares, T., El6i Santos, S. M., de
Faria, R. M. D., Schmidt, H. G., & van Gog, T. (2019).
Fostering novice students’ diagnostic ability: The value of
guiding deliberate reflection. Medical Education, 53(6),
628-637.

Maxwell, N. L., Mergendoller, J. R., & Bellisimo, Y. (2005).
Problem-based learning and high school macroeconom-
ics: A comparative study of instructional methods. The
Journal of Economic Education, 36(4), 315-329.

Mclntyre, N. A., & Foulsham, T. (2018). Scanpath analysis of
expertise and culture in teacher gaze in real-world class-
rooms. Instructional Science, 46(3), 435-455.

Mclntyre, N. A., Mainhard, M. T., & Klassen, R. M. (2017).
Are you looking to teach? Cultural, temporal and dynamic
insights into expert teacher gaze. Learning and Instruc-
tion, 49, 41-53.

Merritt, J., Lee, M. Y., Rillero, P, & Kinach, B. (2017). Prob-
lem-based learning in K-8 mathematics and science edu-
cation: A literature review. Interdisciplinary Journal of
Problem-Based Learning, 11(2), 1-13.

Metcalf, S. J., Reilly, J. M., Kamarainen, A. M., King, J,
Grotzer, T. A., & Dede, C. (2018). Supports for deeper
learning of inquiry-based ecosystem science in virtual
environments—Comparing virtual and physical concept
mapping. Computers in Human Behavior, 87, 459-469.

Mills, J., Bonner, A., & Francis, K. (2006). The development
of constructivist grounded theory. International Journal
of Qualitative Methods, 5(1), 25-35.

Mills, R., Bourke, T., & Siostrom, E. (2020). Complexity and
contradiction: Disciplinary expert teachers in primary sci-
ence and mathematics education. Teaching and Teacher
Education, 89, 103010.

Moallem, M., Hung, W., & Dabbagh, N. (Eds.). (2019). The
Wiley Handbook of Problem-Based Learning (Ist ed.,

Vol. 20, pp. 273-295). Wiley.

Monchaux, S., Amadieu, E, Chevalier, A., & Mariné, C.
(2015). Query strategies during information searching:
Effects of prior domain knowledge and complexity of the
information problems to be solved. Information Process-
ing & Management, 51(5), 557-569.

Ng, M. L., Bridges, S., Law, S. P., & Whitehill, T. (2014).
Designing, implementing and evaluating an online prob-
lem-based learning (PBL) environment—A pilot study.
Clinical Linguistics & Phonetics, 28(1-2), 117-130.

Norton, P., & Hathaway, D. (2015). In search of a teacher edu-
cation curriculum: Appropriating a design lens to solve
problems of practice. Educational Technology Research
and Development, 55(6), 3-14.

Noweski, C., Scheer, A., Biittner, N., von Thienen, J., Erd-
mann, J., & Meinel, C. (2012). Towards a paradigm shift in
education practice: Developing twenty-first century skills
with design thinking. In H. Plattner, C. Meinel, & L. Leifer
(Eds.), Design thinking research: Measuring performance
in context (pp. 71-94). Springer Berlin Heidelberg.

Nurlaily, V. A., Soegiyanto, H., & Usodo, B. (2019). Elemen-
tary school teachers’ obstacles in the implementation of
problem-based learning model in mathematics learning.
The International Journal on Mathematics Education,
10(2), 229-238.

Odell, M. R. L., Kennedy, T. ., & Stocks, E. (2019). The impact
of PBL as a STEM school reform model. Interdisciplinary
Journal of Problem-Based Learning, 13(2), 1-10.

Olney, A. M., Graesser, A. C., & Person, N. K. (2012). Ques-
tion generation from concept maps. Dialogue & Dis-
course, 3(2), 75-99.

Park, S. H., & Ertmer, P. (2007). Impact of problem-based
learning (PBL) on teachers’ beliefs regarding technology
use. Journal of Research on Technology in Education,
40(2), 247-267.

Park, S. H., & Ertmer, P. A. (2008). Examining barriers in
technology-enhanced problem-based learning: Using a
performance support systems approach. British Journal of
Educational Technology, 39(4), 631-643.

Pedaste, M., Mdeots, M., Siiman, L. A., de Jong, T., van
Riesen, S. A. N., Kamp, E. T., Manoli, C. C., Zacharia,
Z. C., & Tsourlidaki, E. (2015). Phases of inquiry-based
learning: Definitions and the inquiry cycle. Educational
Research Review, 14, 47-61.

Pedersen, S., & Liu, M. (2002). The transfer of problem-solv-
ing skills from a problem-based learning environment.
Journal of Research on Technology in Education, 35(2),
303-320.

Peterson, L., & Scharber, C. (2018). Learning about Maker-
spaces: Professional development with K-12 inservice edu-
cators. Journal of Digital Learning in Teacher Education,

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

Summer 2021 | Volume 15 | Issue 1



Tawfik et al.,

How K-12 Teachers Adapt Problem-Based Learning

34(1), 43-52.

Porat, E., Blau, I., & Barak, A. (2018). Measuring digital lit-
eracies: Junior high-school students’ perceived competen-
cies versus actual performance. Computers & Education,
126, 23-36.

Reed, S. K. (2016). The structure of ill-structured (and well-
structured) problems revisited. Educational Psychology
Review, 28(4), 691-716.

Reed, S. K., & Vallacher, R. R. (2019). A comparison of infor-
mation processing and dynamical systems perspectives on
problem solving. Thinking & Reasoning, 1-37.

Revelle, K. Z. (2019). Teacher perceptions of a project-based
approach to social studies and literacy instruction. Teach-
ing and Teacher Education, 84, 95-105.

Rillero, P., & Camposeco, L. (2018). The iterative develop-
ment and use of an online problem-based learning mod-
ule for preservice and inservice Teachers. Interdisciplinary
Journal of Problem-Based Learning, 12(1), 7.

Rovers, S. E E., Clarebout, G., Savelberg, H. H. C. M., & van
Merriénboer, J. J. G. (2018). Improving student expecta-
tions of learning in a problem-based environment. Com-
puters in Human Behavior, 87, 416-423.

Sabus, C., & Macauley, K. (2016). Simulation in physical
therapy education and practice: Opportunities and evi-
dence-based instruction to achieve meaningful learning
outcomes. Journal of Physical Therapy Education, 30(1),
3-13.

Savery, J. (2006). Overview of problem-based learning:
Definitions and distinctions. Interdisciplinary Journal
of Problem-Based Learning, 1(1). http://docs.lib.purdue.
edu/ijpbl/voll/iss1/3

Sockman, B. R. (2015). Innovative teacher’s perceptions of
their development when creating learner centered class-
rooms with ubiquitous computing. International Educa-
tion Research, 3(3), 26-48.

Stefaniak, J. (2020). The utility of design thinking to promote
systemic instructional design practices in the workplace.
TechTrends, 64(2), 202-210.

Stehle, S. M., & Peters-Burton, E. E. (2019). Developing stu-
dent 21st Century skills in selected exemplary inclusive
STEM high schools. International Journal of STEM Edu-
cation, 6(1), 39.

Tamim, S., & Grant, M. (2013). Definitions and uses: Case
study of teachers implementing project-based learning.
Interdisciplinary Journal of Problem-Based Learning,
7(2). https://doi.org/10.7771/1541-5015.1323

Tawfik, A. A., Giabbanelli, P. J., Hogan, M., Msilu, E, Gill, A.,
& York, C. S. (2018). Effects of success v failure cases on
learner-learner interaction. Computers & Education, 118,
120-132.

Tawfik, A. A., & Jonassen, D. H. (2013). The effects of

successful versus failure-based cases on argumentation
while solving decision-making problems. Educational
Technology Research & Development, 61(3), 385-406.

Tawfik, A. A., & Kolodner, J. (2016). Systematizing scaffold-
ing for problem-based learning: A view from case-based
reasoning. Interdisciplinary Journal of Problem-Based
Learning, 10(1).

van Laar, E., van Deursen, A. J. A. M,, van Dijjk, J. A. G. M,,
& de Haan, J. (2017). The relation between 21st-century
skills and digital skills: A systematic literature review.
Computers in Human Behavior, 72, 577-588.

Voet, M., & De Wever, B. (2017). Preparing pre-service his-
tory teachers for organizing inquiry-based learning: The
effects of an introductory training program. Teaching and
Teacher Education, 63, 206-217.

Walker, A., & Leary, H. (2009). A problem based learning
meta analysis: Differences across problem types, imple-
mentation types, disciplines, and assessment levels. Inter-
disciplinary Journal of Problem-Based Learning, 3(1).
http://docs.lib.purdue.edu/ijpbl/vol3/iss1/3

Wijnen, M., Loyens, S. M. M., Wijnia, L., Smeets, G., Kroeze,
M. J., & Van der Molen, H. T. (2017). Is problem-based
learning associated with students’ motivation? A quan-
titative and qualitative study. Learning Environments
Research, 1-21.

Wijnen, M., Loyens, S., Smeets, G., Kroeze, M., & Van der
Mollen, H. (2017). Students’ and teachers’ experiences
with the implementation of problem-based learning at a
university law school. Interdisciplinary Journal of Prob-
lem-Based Learning, 11(2), 1-11.

Yazan, B. (2015). Three approaches to case study methods
in education: Yin, Merriam, and Stake. The Qualitative
Report, 20(2), 134-152.

Yin, R. K. (2017). Case Study Research and Applications:
Design and Methods. SAGE Publications.

Zhang, L., Yu, S., Li, B., & Wang, J. (2017). Can students iden-
tify the relevant information to solve a problem? Journal
of Educational Technology & Society, 20(4), 288-299.

Andrew A. Tawfik,
Instructional Design

PhD, is an Assistant Professor of
& Technology at the University of
Memphis, where he also serves as the director for the
Instructional Design & Technology Studio. His research
interests include problem-based learning, case-based rea-
soning, case library instructional design, and computer-sup-
ported collaborative learning.

Jaclyn Gish-Lieberman is a research assistant and doctoral
student in the Instructional Design & Technology program
at the University of Memphis. Her research interests include

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

Summer 2021 | Volume 15 | Issue 1



Tawfik et al.,

How K-12 Teachers Adapt Problem-Based Learning

teacher education, English for Specific Purposes (ESP),
micro-credentials, community of practice, and adult learning
theory. For over ten years she has conducted ESP workshops
as a US Department of State English Language Fellow and
Specialist in Indonesia, Ukraine, Sri Lanka, and Vietnam.

Jessica Gatewood is a research assistant and master’s can-
didate within the Instructional Design & Technology pro-
gram at the University of Memphis. Her research interests
include artificial intelligent tutoring systems, usability test-
ing, problem-based learning, and computer-supported col-
laborative learning.

T. Logan Arrington is an Assistant Professor of Instructional
Technology in the Department of Educational Technology
and Foundations at the University of West Georgia, where
he teaches graduate-level courses on Instructional Design
and Human Performance Improvement. Logan’s research
interests focus on failure-based instructional strategies,
professional issues in the field of Instructional Design and
Technology, and authentic learning opportunities for under-
represented groups, specifically rural students.

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

Summer 2021 | Volume 15 | Issue 1



	29662_coverpage_v2
	29662_v2

