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Problem-based learning (PBL) is used in upper-level and increasingly in earlier years of engineering education. By

implementing PBL, comfortable routines are disrupted for both educators and students, creating tensions. Using a

methodological framework of phenomenography, this study explored the variation in engineering educators’ conception

and experience of the tensions when implementing PBL in the first two years of undergraduate engineering education.

Results revealed that engineering educators’ experiences of implementing PBL in the first two years are described by three

predominant tensions. Faculty experiences of the key tensions associated with the implementation of PBL and their

conception of these tensions (student, instructor, institutional) play a critical role in the development of instructional

strategies for incorporating PBL into the engineering curriculum in the early years. The findings of this study can inform

the development of support structures and teaching development programs for engineering faculty.
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1. Introduction

Engineering educators are facing high demands as

they are challenged to create learning environments

that can not only better teach technical skills, but

also incorporate process skills and foster other

graduate attributes. Problem-based learning

(PBL) and its variants have been deemed adequate
for meeting the needs of educators and society in

preparing the engineers of the 21st century. How-

ever, PBL inevitably disrupts the familiar flow and

structure of classroom activity and forces both

educators and students out of their comfort zone

[8]). In addition to having tomanage changes within

their classroom processes and routines, engineering

educators must also interact with and operate
within the larger system of their college and uni-

versity. The structure and culture of the college/

university may facilitate or hinder the teaching

intentions and goals of educators, as this larger

system can impose its own set of tensions.

Often, PBL (and variations) are implemented in

later years of an engineering program so that

students have the opportunity to apply the founda-
tional engineering and basic science knowledge they

acquired earlier in the curriculum [12]. However,

engineering faculty have recognized and acknowl-

edged the need to implement problem-based peda-

gogies earlier in the program [3] to provide early

opportunities to develop and integrate technical

skills, process skills (e.g., problem solving, commu-

nication, and teamwork); to demonstrate linkages
between course content and real life engineering

[38]; to prepare students to understand the role of

engineers in society [26]; and to increase student

retention in engineering programs [43].

This study investigated the qualitatively different

ways in which engineering educators experience

tensions related to the introduction of PBL into

their own teaching practices. The research ques-

tions were (1) Based on their teaching practices,
what are the predominant tensions encountered by

engineering educators? (2) What are the qualita-

tively different ways in which engineering educators

experience tensions with a PBL implementation in

their teaching practices?

2. Literature Review

Engineering departments are challenged to better

prepare engineering graduates for professional

practice, and to help them transfer knowledge and

skills to practice [51]. One of the learner-centered

pedagogical models used in engineering is Problem-
based Learning (PBL) [21]. In the context of this

study, the definition of PBL is informed by Barrows

[7] and Savery [44]), and remains intentionally

broad and inclusive of other problem-focused ped-

agogies such as project-based learning (PjBL) [16],

problem-oriented project-based learning (POPBL)

[33] and design-based curriculum initiatives in engi-

neering education [46]. Therefore, in the rest of this
article, PBL is described as a supported learner-

centered environment that makes use of ill-struc-

tured problems as the basis for learning technical

and process competencies, and for developing pro-
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fessional attitudes. Problem-based pedagogies have

been demonstrated as effective for long-term

knowledge retention, skill development, student

and faculty satisfaction [47] including in the

domain of engineering [28], as well as increased

motivation and engagement of students, increased
self-directed learning skills, and an increased inte-

gration of theory and practice [42].

Most engineering educators implement PBL of

their own accord and in an incremental fashion [11].

Schneckenberg [45] mentioned that as faculty con-

sider adoption, they face tensions at the various

levels of the systems and contexts in which they

were embedded – common when implementing any
new pedagogical innovation [15]. Barriers that

impact adoption of innovations can be structural

[6] or cultural [5]. Structural barriers are related to

the status and priorities of faculty, while cultural

barriers are related to the basic values of teaching

and research within the institution [45]). Tensions

exist between the desired outcomes of education

and the affordances that actually exist within the
institutional system. Researchers identified five ten-

sions specific to engineering education reform

including individual versus organization value

assigned to teaching [14, 50], theory versus prac-

tice/application [49], well-structured classroompro-

blems versus ill-structured real-world problems

[2, 24] single-discipline versus interdisciplinary

content [19], and problem-solving versus design
[24, 41].

PBL implementation comes with its own set of

five tensions [27]: (1) depth versus breadth of

curriculum, (2) higher order thinking versus factual

knowledge acquisition, (3) long-term effects versus

immediate learning outcomes, (4) students’ initial

discomfort versus their positive attitudes, and

(5) traditional role of instructor versus role of
facilitator/guide. The paradigm shift required for

PBL implementation in engineering education chal-

lenges conventional, familiar, and habitual perspec-

tives held by educators and their discipline-specific

teaching practices [31]. Additionally, the classroom

system is nested within a larger system at the

institutional level that carries its own goals,

values, culture, structure, processes, and proce-
dures. How engineering educators experience

these tensions while implementing PBL remains

largely unexplored.

3. Research Approach

The purpose of this study was to describe the
variation in engineering educators’ ways of experi-

encing and conceptualizing the tensions within

PBL-type implementations in their teaching prac-

tice. As such we chose phenomenography-a meth-

odological approach explicitly concerned with the

ways in which people experience and conceptualize

phenomena, and one that has been identified as an

emerging methodology in engineering education

research [10]. Phenomenography is a methodology

emphasizing the variation in ways people experi-
ence phenomena, which are then organized into

categories of description [1, 9, 22, 37].

4. Design of Study

4.1 Participants

We recruited participants via a survey distributed to

engineering faculty in the US. In the survey, parti-

cipants were informed that the definition of PBL

was intentionally broad and inclusive, consisting of

common criteria adapted from Savery [44] that

focused on (1) use of real-world design, project, or

problem scenarios, (2) multiple possible solutions

(complex, open-ended), (3) role of the instructor is
predominantly facilitator/guide, and (4) students

are engaged in active learning. In the first stage of

sampling, the inclusion criteria consisted of faculty

who reported: (1) teaching at a degree-granting

higher education institution in the United States,

(2) holding a faculty position, (3) teaching in an

engineering program, and (4) implementing PBL at

least twice within the last 2 years. The survey
respondents (n = 313) served as the population

from which the interview participants were further

sampled.

The second stage employed ‘‘purposeful sam-

pling’’ [39], which resulted in the final selection of

survey respondents invited to participate in semi-

structured interviews. The criteria used to select and

invite participants to be interviewed were: (1) PBL
implementation in one’s own course, (2) PBL

implementation in Year 1 and/or Year 2 of under-

graduate engineering programs. Lastly, to ensure a

high probability that the selected sample comprised

a range of differences in faculty conceptions of the

PBL tensions, participants were chosen for max-

imum diversity across five criteria of variation: sex,

geography, institution type, years of experience,
and engineering domain.

To determine an optimal sample size, a review of

25 studies using phenomenography was undertaken

[48], indicating that the sample size for phenomeno-

graphic studies tended to fall within a range of 12 to

28 cases. For this study, the final sample of the

qualitative study of 14 was felt to be adequate.

4.1.1 Interview Participants

Male educators made up 57% (n = 8) of the sample

while female educators made up 43% (n = 6) of the

sample. The average age of the participants was

48.6 years (SD = 13 years) for male educators and
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42 years (SD = 7 years) for female educators. With

regard to years of experience teaching undergradu-

ate engineering, 2 (14%) had between 1–5 years, 3

(21%) had 6-10 years of experience, 6 (42%) had 11–

20 years of experience, and 3 (21%) had over 21

years of teaching experience. The participants
represented 11 different states in the US.

With regard to faculty role, participants (n = 14)

held the following ranks: full professor (4 or 29%),

associate professor (6 or 42%), and assistant pro-

fessor (4 or 29%). The engineering domains repre-

sented were Mechanical (6 or 42%), Civil (4 or

29%), Materials (2 or 14%), and Biological, Chemi-

cal, and Environmental/Ecological (each with 1 or
7%).

The majority of interview participants (7 or 50%)

came from large research universities, while the rest

came from Master’s programs (5 or 36%) and

special focus institutions like schools of engineering

(2 or 14%).

4.1.2 Data Collection

The authors constructed a semi-structured inter-

view protocol. Interview questions were piloted

with five engineering educators for clarity and to

ensure that responses were relevant for addressing

the research questions. Interviewing is the main

data collection strategy in phenomenographic

research, where the intent is to capture and describe
the participant’s experience and conceptions of the

phenomenon in their particular context [1]. The first

author conducted hour-long semi-structured inter-

views with all 14 engineering educators. All inter-

views were digitally recorded, transcribed verbatim

and verified for accuracy.

4.1.3 Data Analysis

Analysis of the transcripts served to develop pools

of meaning, seeking to identify the variations in the

experience of the phenomenon [23]. This was

accomplished through a combination of deductive

and inductive coding [18]). In this study, the 10

tensions – five engineering education reform (insti-

tutional) tensions [2, 14, 19, 24, 41, 49–50] and five

PBL implementation tensions [27] mentioned ear-
lier – were used as predetermined codes and deduc-

tive coding was used initially to identify and sort

transcript utterances that reflected the tensions that

engineering educators discussed. These utterances

then served as the text upon which open coding was

performed in order to establish an initial set of

themes. The utterances were then grouped into

themes and, once the themes were established, all
transcripts were coded against the new themes.

Modifications and revisions were made to themes

as required in order to ensure uniqueness in the

themes. Axial coding was used to further collapse

the themes and develop categories of description of

participants’ experiences and understanding of ten-

sions. As per phenomenographic research analysis,

these transcripts and categories were reviewed itera-
tively to ensure that categories of description were

defined as separate and distinct from each other, yet

logically related [22]. Finally, the categories of

description were hierarchically assembled to repre-

sent the outcome space, which represented the

overall conceptualization of the phenomenon.

When new tensions emerged, we predominantly

reported nuances and ‘‘flavors’’ and provided a
semi-hierarchical representation to provide struc-

ture and classification of the expanded set of ten-

sions. (see Fig. 1 for visual of the data analysis

process).

4.1.4 Trustworthiness – Validity and Reliability

Golafshani [20] suggested that within the qualita-

tive research paradigm, trustworthiness in the form

of validity and reliability should be addressed: In
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this project, validity was established with the use of

multiple data coders, and member checks to vali-

date researcher interpretations. Regarding reliabil-

ity, the authors engaged experts at various points in

the analysis of data. Experts were chosen as meth-

odological experts in phenomenography and PBL
implementation. The team shared research pro-

cesses, themes, emerging results and early outcome

space mapping for review and critical feedback.

5. Results and Discussion

Phenomenographic analysis resulted in three qua-
litatively different ways that engineering educators

experienced and conceptualized tensions when

implementing PBL in the first two years of the

undergraduate engineering curriculum: student dis-

comfort with the initial transition to PBL, the role

of the educator as facilitator rather than teacher,

and the value assigned to teaching by the individual

and the organization. The perceived tensions and
variations in conceptualizations of the tensions are

presented next in summary and in detail (Table 1).

5.1 Conceptualizations of the Tension of Student

Discomfort with the Transition to PBL Versus

Positive Attitudes once the Transition is Made

Educators’ conceptualization of this tension

addressed student entry into, and expectations of,

the higher education learning environment. The

variations in their conceptualizations generated

three categories of description that represented the
increasingly complex ways of understanding the

discomfort of students as they transitioned into a

new way of learning and into higher education (see

Fig. 2).

Category 1. Student Discomfort as a Lack of

Readiness with Regard to Knowledge, Skills, and

Attitude

Category 1 depicts the conceptualization of this

tension as one of lack of student readiness with

regard to entry skills from high school and founda-

tional knowledge for engineering. Limited experi-
ence with self-directed learning, working in teams,

and dealing with open-ended problems were key
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Table 1. Summary of perceptions and conceptualizations of tensions

Perceived tensions Variation in conceptualization of tensions

Student discomfort with the transition to PBL versus
positive attitudes once transition is made.

Student discomfort as:
� A lack of readiness regarding knowledge, skills, and attitude.
� Dissonance of student expectations between their old learning
environment and their new learning environment.

� Transition to the new learning environment (PBL).

Individual versus organizational value assigned to
teaching

Value assigned to teaching as:
� Indifference.
� Colleagues’ skepticism about PBL.
� A misalignment within the system.

Role as instructor versus facilitator Educator role as:
� Content provider – what I know.
� Process advocate – what I do.
� Learning (re)constructivist – who I am.

Fig. 2. Engineering educators’ conceptualizations of the tension of student discomfort with the transition to PBL.



attributes related to entry skills from high school, as

was the attribute of being conditioned to be a

learner in the high school learning environment.

Self-directed learning, being able to manage and

monitor one’s learning are important skills that can

be developed through engagement in PBL [43]. An
initial understanding of the tension of student

discomfort included this lack of experience with

self-directedness and an element of student imma-

turity in being able tomanage their time and efforts.

Lisa: ‘‘They’re freshman . . . the immaturity . . . they’ve
never been given this kind of freedom to just do it on
their own.’’

The conceptualizations of the engineering educa-

tors in this study with regard to student readiness

are corroborated by research that looked at the

students’ perceptions of the transition into the first
year of university, mainly that students felt under-

and unprepared [32].

Limited exposure to open-ended problems, a key

component in engineering design [41] was part of

how the tension of students’ initial transition to

PBL was understood by these educators.

Sam: ‘‘And if you get into open-ended problem-based
project-based stuff depending on how open-ended you
make it, they’ve just never seen anything like that
before.’’

Additionally, part of the student discomfort was

understood as the conditioning of the students to be

learners in a high school environment. The predo-

minance of single-solution, textbook problems and

the prioritization of individual effort and achieve-

ment were understood to be the norm, rather than

the open-endedness of problems encountered in

engineering education and in the real world, and
the greater significance placed on collaborative

work. The other view of these educators was that

students were conditioned to expect success in high

school without the corresponding effort required.

This, of course, is not the image or the reality of

student workload or effort required in undergrad-

uate engineering programs, where curriculum has

been described as ‘‘extended and overloaded . . .
congested beyond endurance’’ [46].

Lisa: ‘‘It’s a huge step because everything they’ve done
so far has been so cookbook.’’

Finally, student discomfort was understood as a
lack of foundational knowledge. Students did not

have enough of a theoretical or experiential base to

be able to work with open-ended problems.

Hannah: ‘‘I can’t give them free reign over it.’’ They
need some basic understanding of what the problem is
because they don’t have the background.

This perspective appeared to be disconnected from

other research indicating that foundational content

was acquired as part of the experience of engaging

in PBL rather than being a precursor to PBL [29].

Category 2: Student Discomfort as Dissonance of

Student Expectations Between Their Old Learning

Environment and Their New Learning Environment

This category increases in complexity from Cate-

gory 1 in that the conceptualization of tensions now

moves from the readiness of the student before he/

she gets to the program to their engagement in the

engineering program where student expectations

and contextual reality of being an engineering

student may be dissonant. Student expectations

may be, in essence, a product of their old learning
environments. The three key attributes in this

category are the students’ expectations of the envir-

onment, the content, and the teacher.

Students may expect the engineering learning

environment to require them to sit and face front

and memorize technical content, all in a very

teacher-centered setting [46]. The teacher may be

expected to be the information base and the pur-
veyor of content – the one who decides on the

content and transmits it to the students. While

this may be the case in more traditional approaches

to engineering education, the PBL learning envir-

onment is more student-centered and focuses on

both content and process skill development [17].

Hannah: ‘‘The students are really resistant to problem-
based learning. They come from traditional high
schools where the teacher is the information base and
they don’t like having to learn for themselves.’’

With regard to assessment, understanding student

discomfort may relate to students expecting that

tests will focus on rote memorization as opposed to

assessing their skills and thinking. Also, where

students expected to rely on themselves for their
grades, the introduction of team-based projects and

team grades was uncomfortable.

Hannah: ‘‘They’re not comfortable with the fact that
the test isn’t the same and they don’t just work the
problems in order to get the grade. And they’re also not
comfortable with the fact that it’s their skills being
tested as opposed to ‘can I memorize this equation.’ ’’

Category 3: Student Discomfort as a Transition to

The New Learning Environment (PBL)

This category differs from Category 2 in that the

tension of student discomfort is now conceptua-

lized as a transition into the PBL learning environ-

ment. The key attributes in the category were the

transition of student and of the instructor/teacher.
For the student, the process of transitioning

required time and effort to modify one’s thinking,

accept greater ownership for one’s own learning,

and develop confidence in one’s ability to learn in

this new environment.
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Sally: ‘‘But that kind of transition from close-ended
thinking to open-ended thinking, it can be painful.’’

The conceptualization of this tension also seemed

to encompass the educator’s transition. Interest-

ingly, in this category, there was the suggestion that

student discomfort may evoke instructor discom-

fort, seemingly due to the unpredictability of beha-
vior and questions.

Lisa: ‘‘With the freshman it’s just . . . it’s a little bit
stressful every single week. You never know if it’s
going to happen.’’

The educator was asking the students to engage in a
different type of learning, a deeper learning that was

a departure from what was historically familiar to

students coming from a high school setting.

To summarize, educators conceptualized the first

tension of students’ initial discomfort with the

transition to PBL as (1) a lack of readiness with

regard to knowledge, skills, and attitude at the time

of their entry into the program from high school, (2)
dissonance in student expectations between their

old learning environments and their new learning

environment, and (3) the transition to the new

learning environment (PBL).

5.2 Conceptualizations of the Tension of Individual

Versus Organizational Value Assigned to Teaching

Three categories of description emerged, each

depicting variation in the experience of the tension

as well as a relationship between categories that

represented the increasingly complex ways of

understanding the phenomenon – the tension

between the individual and the organizational
value assigned to teaching (see Fig. 3).

Category 1: Value Assigned to Teaching as

Indifference

Category 1 depicted the educators’ conceptualiza-

tion of this tension as indifference to his/her inno-

vative efforts on the part of others with regard to the

use of PBL. The key attributes of this category

included the perception of superficial support and

a lack of acknowledgement of the time and effort

required to implement PBL. While educators could

make the personal choice to implement PBL in their

teaching practice, they were not free of the con-
straints set by the larger context. A lack of inter-

ference could not necessarily be translated into a

show of support when no measures were taken to

facilitate the educators’ use of innovative pedago-

gies.

Sally: ‘‘Some people don’t want to do what I do and
that’s fine, but certainly no one is stopping me from
doing what I am doing.’’

The implementation of PBL was to take place on

the educators’ own time and, as reported below,

usually without acknowledgement or recognition

[25]. Additional support (i.e., time, resources) was

not evident.

Mike: ‘‘It takes a lot of time outside which I don’t think
others understand. But you know, if you teach a class,
they think you’re going to need an hour to prepare it
but, in an hour to prepare, you’re really not going to be
able to plan some of these problems out.’’

Engineering educators were challenged by the time

and effort required to design meaningful learning

experiences for students. Clancy [13] found the

same issue when conducting a professional devel-

opment session for college educators and reported
that educators expressed concerns about time, class

size, developing appropriate problems, the assess-

ment process, and support.

One area where educators felt the lack of support

was in the preparation of PBL, particularly in the

time it took to generate problems. The educators in

this study acknowledged that the quality of the

problems in their PBL courses was an important
factor in meaningful learning for students. This

perspective aligns with Clancy [13] and Leppävirta

et al. [34].
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Category 2: Value Assigned to Teaching as

Colleagues’ Skepticism about PBL

This category evidenced the engineering educators’
conceptualization of the value assigned to teaching

as skepticism of fellow faculty and administration

about PBL. This category had a broader focus on

the conceptualization of the tension than in Cate-

gory 1 which was situated at the individual level.

Key attributes of this category included a focus on

maintenance of the traditional educational setting,

and pressure to conform to established teaching
methods by colleagues who questioned why things

needed to change.

Simon: ‘‘I have in the past felt some pressure from
administrators to stop trying new things, to stop
putting effort into pedagogical and curricular innova-
tion, and to shift my efforts elsewhere.’’

This difference in perspective on the conceptualiza-

tion of the value assigned to teaching is similarly

reflected in Anderson et al.’s [4] observation that
‘‘teaching load’’ often carries negative connota-

tions.

Category 3: Value Assigned to Teaching as a

Misalignment Within the System

This category differs from Category 2 in that it

encompasses more than the individual and the

faculty value assigned to teaching, and moves it

into the systemic level, making it a more complex

conceptualization of the tension. The key attributes

included system legacy processes and legacy cul-
ture. The focus on research over teaching remained

strong, while traditional processes for teacher and

course evaluation were perceived to be ineffective in

capturing the innovative approach to teaching used

by the educators in this study. Study participants

seemed to propose that the evaluation processes

were not only misaligned with PBL and more

alignedwith lecture-based teaching, but were super-
ficial at best.

Colin: ‘‘It’s the old story if you get teacher of the year at
the research school, you can kiss tenure good bye.’’

The presented research here aligns with Wright [50]
who found that the tension between individual

instructor value assigned to teaching and the

instructor’s perception of the organization’s value

assigned to teaching was more evident in large

research universities than it was in two or four-

year institutions. In this study, 50% of the interview

participants (n = 7) came from research-intensive

universities and while not specifically analyzed for
differences in conceptualizations based on classifi-

cation type of institutions, the outcome space of

engineering educators’ conceptualization of this

tension seem to align with Wright’s findings.

In summary, engineering educators’ conceptua-

lizations of the second tension of the individual

versus organizational value assigned to teaching

formed the outcome space depicted in Fig. 3. The

outcome space evidenced the increasingly complex

interaction between the individual educator, his/her
faculty/administration, and the larger legacy system

of the university and the culture of engineering

education.

5.3 Engineering Educators’ Conceptualizations of

the Tension of Traditional Role as Instructor

Versus the Role as Facilitator

With regard to how engineering educators in this

study understood the tension of instructor versus

facilitator, three categories of description emerged.

These categories demonstrated not only the pro-
gression from a narrower conceptualization of

one’s role (content provider) to a more evolved

conceptualization (identity formation), but also

demonstrated the hierarchical relationship between

what one knows, what one does, and who one is (see

Fig. 4)

Category 1: Educator Role as Content Provider

Category 1 depicts the role of the educator within

the PBL environment as one of being a content

provider. That is, the focus seemed to be not only on

the imperative of content or subject matter mastery
of the instructor, but also on being able to give the

content to the student. The key attributes in this

category include being a content expert and being

able to answer students’ questions at the time

questions are asked. Here, the educator may under-

stand his/her role as controller of content as well as

deliverer of content.

Lisa: ‘‘I think if I were a brand-new teacher, I would
not feel confident enough in my knowledge level to do
that. Interviewer: Your content knowledge level or
pedagogical content knowledge? Content knowledge
level – that I would be afraid that they would ask me
something that I wouldn’t know the answer and I
would look stupid.’’

This category appeared to reinforce the ‘‘what I

know’’ aspect of the conceptualization of this ten-

sion. Subject matter expertise was indeed critical to

the role of the educator in that one needs to know

engineering content in order to teach engineering

content. The conceptualization of the role of

instructor as content provider appeared to be

teacher-centered. This perspective aligns with Pros-
ser et al. [40] who indicated that where the con-

ceptualization of teaching was more teacher-

oriented, the discussion seemed to be more focused

on delivery of content and gravitated toward infor-

mation transmission.
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Category 2: Educator Role as Process Advocate

Category 2 represents the role of the educator in the

PBL environment as being an advocate of the

process of learning in a PBL environment. Key

attributes included advocating and supporting pro-

cess change at the classroom level, as well as at the
system level. This category was different than the

previous one in that the focus moved beyond

instructor content knowledge and delivery being a

requirement and now included pedagogical knowl-

edge as a critical aspect of the role.

At the classroom level, educators continued to

inform, coach, and support students in the PBL

process, but also helped the students build transi-
tioning skills (for the transition from non-PBL

experiences into a PBL-centered class).

Carla: ‘‘I put it on my syllabus. I’m a coach...But I
don’t think other faculty who have been in it [teaching
engineering] for a long time see it the same way.’’

At the system level, educators attempted to pro-
mote the PBL process by engaging in efforts with

other faculty to move beyond segmented content

presented in disconnected fashion. While not

always successful in actual execution, the effort to

pursue and advocate for shared visions, integrated

content, and interdisciplinary perspectives was evi-

dent in this category.

Simon: ‘‘Whenwe started putting faculty teams together
and asking them to co-design and co-implement an
integrated course block, you immediately saw this
tension develop between the content-focused people or
content-focusedgoals andmoreprocess-orientedpeople
or goals . . . it created enormous tension.’’

This category reinforced the ‘‘what I do’’ concep-

tualization of the role, moving the educators’

understanding of their role from the more static

knowledge giver to a more active and engaged

advocate of the PBL process with students and

faculty. This conceptualization of process advocate

and student-centeredness aligns with Prosser et al.

[40] who found that educators who had a more

holistic view of their subject matter content tended

to focus their role as educator on helping students

acquire conceptual knowledge rather than just
having students be recipients of content delivered

in a didactic format. It also aligns with Åkerlind’s

[1] work that revealed that educators experienced

an increased sophistication of their understanding

of their field by acquiring a greater comprehension

of a particular teaching method. In this case, the

commitment to working within a PBL environment

and the perspective of student-centeredness seemed
to be a co-evolution of the conceptualization of the

role of instructor versus facilitator.

Category 3: Educator Role as a Learning

(re)constructivist

This category is differentiated from Category 2 in

that the conceptualization of the role was now

focused on transformative aspects of instructor
versus facilitator. Key attributes included support

of students in (re)constructing their own learning,

as well as an introspective reconstruction or refram-

ing of the instructor’s own identity as an engineer-

ing educator. The role of learning (re)constructivist

aligns with Kember and Kwan’s [30] view that a

more sophisticated view of the instructor-facilitator

role was that of facilitating students in becoming
independent learners. The reframing of the educa-

tors’ identity may reflect the change of perspective

that being an educator goes beyond the content

provided to or the concepts acquired by students.
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While the educators in this study were trained to

be engineering researchers, it may be that, by virtue

of engaging and participating in innovative peda-

gogical practices, they started to reflect upon and

reconceptualize their roles as engineering educa-

tors. An awareness of the different ways of being
an educator was evident and, while the engineering

researcher identity was borne of the education

system that developed them, the evolution from

an engineering researcher identity to an engineering

educator identity was largely a personal journey.

The educators in this study demonstrated aware-

ness of how their identity was initially formed,

being trained in the higher education arena to be a
domain expert, researcher, and a purveyor of

knowledge.

George: ‘‘It’s not what we’re trained to do – to be a
kind of a moderator as opposed to professor. It’s why
traditionally for 400 years we’ve been called professors
. . . We’re trained to become an expert and then to sit
there and tell everybody about it and professors love to
talk.’’

And finally, one can actually reframe one’s identity,

perhaps moving from the identity-developed to the
identity-transformed. It is understandable that

one’s identity as an engineering researcher is birthed

in the specialized knowledge, skills, and expertise in

a certain domain, and resistance to change may

come when that identity is threatened (e.g., moving

out of expertise – see Simon’s comment below). In

view of reframing one’s identity, educators shifted

their perspective from teacher- to learner-centered,
established a comfort with working beyond their

own disciplines, and relinquished control over some

aspects of the students’ learning experiences. By

being in a learning environment where the educator

challenged the students to engage in deeper learning

experiences that required students to construct and/

or reconstruct their own learning, relinquishing

greater control to the students may be necessary
in order for them to achieve the deeper learning

goals. Margetson [36] noted that for deep learning

to occur, critical components includedmotivational

context, learner activity, interaction with others,

and a solid knowledge base.

Simon: ‘‘I think this might be the biggest hang-up for
faculty. We all develop in a system that emphasizes
disciplinary specialization and the knowledge and
skills that go along with that. This becomes our
identity – the disciplinary content or skills we have,
define who we are, what value we can bring to our
environment, and what we must pass on to our
students. When you start integrating with other dis-
ciplines, and when you shift from teacher-controlled to
student self-directed approaches, this identity starts to
collapse. This is uncomfortable, even painful, for us
faculty. Suddenly the thing that has provided our sense
of competency – our disciplinary knowledge and skills

– is no longer relevant. I think that most faculty
respond by reverting, and trying to protect their
disciplinary-based identity.’’

Margetson [36] also addressed the conception, or

rather, the misconception of lack of control or
authority in PBL and distinguished between

authority and authoritarian attitudes.

This category reinforces the ‘who I am’ conceptua-

lization of the role where the essence of the engineer-

ing educator is not confined by howmuch they know

and howmuch they can control the students and the

learning environment, but embraces a transformed

perspective of learning and of self and how the
educator can be of service in supporting the students

to construct their knowledge.

In summary, the educators’ experiences and con-

ceptualizations of the third tension of instructor

versus facilitator formed the outcome space

depicted in Fig. 4. The outcome space evidenced a

hierarchical progression from content provider

(what I know) to process advocate (what I do) to
a reframed identity as an engineering educator (who

I am).

6. Summary of Engineering Educators’
Conceptualizations of PBL Tensions in
Teaching Practice

In response to the second research question in this

study, the experiences and conceptualizations of the

predominant tensions encountered in teaching

practice with the implementation of PBL were

detailed above. For the tensions of students’ initial

discomfort with the transition to PBL, study parti-

cipants conceptualized an outcome space as (1) a
lack of readiness with regard to knowledge, skills,

and attitude as part of their entry into the program

from high school, (2) dissonance in students’ expec-

tations between their old learning environments

and their new learning environment, and (3) the

students’ transition to the new learning environ-

ment (PBL).

For the second tension of individual versus
organizational value assigned to teaching, partici-

pants conceptualized the outcome space as (1)

indifference, (2) skepticism of colleagues towards

PBL, and (3) system misalignment.

Lastly, study participants conceptualized the out-

come space of the tension of role of instructor versus

facilitator as (1) a content provider, (2) a process

advocate, and (3) a learning (re)constructivist.
While the outcome spaces of the three concep-

tualizations of the tensions stand on their own,

there is also a relationship between them that

could inform a final, integrated outcome space.

Two of the conceptualizations are PBL tensions
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(student discomfort and instructor role), while the

third is a system (engineering education reform)

tension (value assigned to teaching). The key attri-

butes of this outcome space were conceptualiza-

tions of the PBL implementation as (1) content-

centered, (2) student-centered, and (3) learning

centered. The final outcome space (see Fig. 5)

depicted not only the variation in conceptualiza-
tions of the PBL tensions, but also the influence of

the system-level tension of value assigned to teach-

ing.

Category 1: PBL Implementation as Content-

centered

The key attributes in this category included educa-
tors’ conceptualization of their role as a content

provider and more of a focus on filling the knowl-

edge and theoretical gaps educators reported with

regard to student readiness. This may be considered

a traditional conceptualization of the interaction

between educator and student within a PBL imple-

mentation, focused on information and content

acquisition on the part of the student.

Category 2: PBL Implementation as Student-

centered.

The key attributes in this category included the

educators’ conceptualization of their role as process

advocates and their awareness of the need to

address the students’ expectations with regard to
the new PBL learning process. This category differs

from Category 1 in that, while content remained

critical, the focus was more complex than simply

what was to be acquired by the student and the

educator oriented and supported students on how

the concepts were to be acquired by them.

Category 3: PBL Implementation as Learning-

centered

The key attributes in this category included the

educators’ conceptualization of their role as a

learning (re)constructivist and the students’ transi-

tion into the PBL learning environment. This

category differs from Category 2 in that the inter-

action between the educator and the students is

more focused on shaping the students’ thinking, not

only giving them more responsibility for the con-

struction of their own knowledge, but also through

the facilitation of and for deeper learning. This
moves the focus of this category to an even more

complex level beyond the what and the how, and

creates learning experiences for students to inte-

grate the why, and the why not.

While the conceptualizations of the tensions

showed variation, where an educator actually

finds him/herself on the continuum may be influ-

enced by the system level tension of the value
assigned to teaching [35].

7. Limitations

The context of this study focused on the implemen-

tations of PBL in the early years of the engineering
programs. A limitation inherent with this popula-

tion is that engineering educators, across their

careers, rarely teach exclusively in the first and/or

second year of the program. Therefore, while all

efforts were made to focus interviews on the early

years, it is unknown to what extent the full experi-

ence of these educators influenced their reported

conceptualizations of tensions and management
strategies. In addition, the majority of the partici-

pants in this study came from large research-inten-

sive universities. This may have led to an over-

representation of some tensions and can be con-

sidered a limitation of this study. Lastly, a limita-

tion of this study is that the extent of transferability

of these results to other contexts is unknown. In

phenomenographic research, the determination of
transferability is usually left to the reader of the

research results. That is, it is to the reader of the

research to determine the extent to which the results

are applicable within their context.
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8. Conclusion and Future Research

This work expands the body of literature investigat-

ing PBL in engineering education and specifically

the ways engineering faculty experience and con-

ceptualize tensions as they arise in the implementa-

tion of PBL and its variations in the first two years

of the engineering curriculum. We present a novel
outcome space that situates three qualitatively

different ways for conceptualizing tensions ranging

from students’ initial discomfort with the transition

to PBL and the educators’ role as teacher versus

facilitator. Additionally, these educators reported a

system-level tension of the individual versus the

organizational value assigned to teaching. Further-

more, the research shows the different nuanced
variations educators experienced these major ten-

sions leading into a final outcome space, in which

conceptions of the tensions show variation across

content-centeredness, student-centeredness, and

learning-centeredness.

Future research may explore strategies of educa-

tors on how to manage these tensions and compar-
isons between tensions in PBL implementation

between the first two years (this study) and other

years of the engineering curriculum. Finally, sup-

porting educators in managing these tensions is

essential for appropriate PBL implementation –

both in the classroom and on the system level:

knowing these tensions might help administrators

and instructional design staff.
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34. J. Leppävirta, H. Kettunen and A. Sihvola, Complex problem exercises in developing engineering students’ conceptual and

procedural knowledge of electromagnetics, IEEE Transactions on Education, 54(1), pp. 63–66, 2011.

35. G. Light and S. Calkins, The experience of faculty development: Patterns of variation in conceptions of teaching, International

Journal for Academic Development, 13(1), pp. 27–40, 2008.

36. D.Margetson, Current educational reform and the significance of problem-based learning, Studies in Higher Education, 19(1), pp. 5–

19, 1994.

37. F. Marton and W. Y. Pong, On the unit of description in phenomenography, Higher Education Research & Development, 24(4), pp.

335–348, 2005.
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