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Engineering Design Professional Development as a Mechanism
for Changing Science Teachers’ Beliefs (Fundamental)

Teachers should adopt effective pedagogical approaches in order to maximize student learning.
The beliefs of teachers about instructional practice are an important construct in determining
what and how they teach. This is especially important in light of recent reform efforts at the K-12
level to integrate engineering design into science curricula. Investigation into the area of
engineering design-based STEM integration is necessary, as teachers are unfamiliar with
engineering and are being asked to incorporate engineering into their teaching mid-career.
Engineering integration requires that teachers teach in a student-centered manner.

This study investigates the change in teachers’ beliefs about teaching, learning, and effective
engineering design-based STEM integration instruction in upper elementary and middle school
science classrooms. This study is guided by the following research question: How do teachers’
beliefs about teaching and learning change through participation in a long-term professional
development in engineering design-based STEM integration?

The results of this study provide evidence that long-term professional development can help
change teachers’ beliefs about teaching practices which in turn may provide the background
needed to help teachers believe they can integrate engineering meaningfully in their classrooms.
Engineering integration can help both experienced and beginning teachers change their beliefs
toward a student-centered view of instruction.

Literature review

Beliefs are personal episodic constructs that include affective and evaluative components [1].
Teachers’ beliefs about teaching and learning represent a “conceptual map for instructional
decision making” [2, pp. 86] and are reflected in their practices (e.g., [1], [3]-[4]). Current
literature supports that teachers’ beliefs are firmly held and hard to change (e.g., [5], [6]). It is
particularly challenging for experienced teachers to shift toward student-centered beliefs because
their views have been established, whereas newer teachers are more receptive to student-centered
classrooms [7]. A study by Luft [7] found that professional development for fourteen secondary
science teachers on inquiry based practices have varying levels of impact. Although experienced
teachers altered their teaching practices, their beliefs remained unchanged. In contrast, novice
teachers only changed their beliefs. As suggested by Luft, experienced teachers may alter their
views on pedagogical strategies, student learning, or inquiry instruction through continued
participation in professional development activities.

Other studies also describe the difficulties for teachers to change their beliefs, even with support
from professional development programs. For example, Yerrick, Parke, and Nugent [8] explored
this change in beliefs, and found that only a few experienced teachers’ beliefs evolved from
teacher-centered to student-centered beliefs after participation a two-week professional
development program and claim that these changes were difficult to achieve. The authors
attribute this difficulty in achieving deep-rooted change due to a variety of reasons; for example,
mandated curriculum, strict accountability on teachers, and rigorous and required state



assessments inform this teacher-centric belief and teaching practices. To learn how to overcome
these barriers, teachers need extensive support. Therefore, this brief, short-term professional
development program resulted in only a few positive changes in the teacher’s beliefs, but the
authors highlight how these changes are difficult to achieve in a short-term program. With
extensive, longitudinal, sustained support, teacher participation in a professional development
programs may lead to a more transformational shift in teacher beliefs, which translate to a shift
in teaching practices to a more student-centric style.

While investigating the beliefs of six teachers who participated in summer workshops, Wallace
and Kang [9] noted that their language about beliefs could be grouped into two competing
categories. The first belief set regards students, efficiency, rigor, and exam preparation and tends
to hinder the teacher’s implementation of inquiry-based activities. These beliefs are more public
and related to extrinsic influences or pressures that come from cultural, institutional, or policy
motivated expectations for teachers. The second set of beliefs, which are more personal and less
influenced by outside factors, relate to teachers’ beliefs about the importance of inquiry and their
interest in its use. The second belief set promotes the implementation of inquiry-based activities.
The authors suggest that, although the second belief set influences how teachers view successful
education, the first belief set is more likely to influence what the teachers decide to do. Wallace
and Kang [9] also note a lack of policy language which supports the second set of beliefs.
Yerrick, Parke, and Nugent [8] highlight similar contextual factors which influence the difficulty
teachers have practicing what they believe. However, studies have also shown that in-depth,
long-term professional development and research experiences are more likely to help teachers
shift their beliefs in a student-centered direction [4], [10].

Description of professional development

This research is a part of a larger, 5-year study conducted to understand approaches to
engineering integration in science curricula and classes. The research takes place within an
National Science Foundation funded project in which approximately 200 teachers of science in
grades 4-8 participate in develop engineering-based STEM integration curricular units for
implementation in their classrooms and later to be published online. Each summer, 50 teachers
participate in a 3-week summer institute and then receive support through coaching and
mentoring during the subsequent academic school year. In the summer workshops, teachers
explore engineering design and engineering practices through completing a variety of activities.
An engineering education faculty member and an engineering faculty member lead this first
week to help teachers increase their understanding about engineering design and engineering
practices. Teachers also explore a variety of science concepts through engaging in engineering
activities. Three science content area sessions are offered, and teachers choose one area to focus
on: physical science, life sciences, and earth science. These sessions are led by science education
faculty members and engineering faculty members. Finally, teachers learn about designing
engineering design-based science units and design unit in teams to implement during the
subsequent school year.



Methods

This study is a pre-post interview study conducted with 6 4th—8th grade teachers who
participated in three consecutive years of intense professional development on engineering
design-based STEM integration. We used a qualitative, holistic, multicase methodology [11] to
investigate our research questions regarding how teachers beliefs about teaching in an integrated
STEM setting have changed over the course of their three-year professional development
experience. Each of the 6 teachers in this study represents an individual case and cross-case
comparisons were made to aid in interpretation. Because beliefs cannot be directly observed, this
methodology is appropriate because we must infer what beliefs are held by spoken words,
actions, and intentions [5].

Setting and participants

The six teachers in this study were chosen from among 88 unique participants of the curriculum
writing portion of the EngrTEAMS: Engineering to Transform the Education of Analysis,
Measurement, and Science Project. There were nine teachers that participated in all three years.
Of these nine, seven had pre-interview data. These seven were invited to participate in the
follow-up interview. Six of the seven responded to our request for an interview. Table 1 provides
an overview of the teachers’ demographics. Pseudonyms have been used to preserve the identity
of the teachers.



Table 1 Participant Background

Years of Grade(s) Teaching
Teacher Degree experience* taught assignment School information**
City: Large
Secondary General Title 1
Allison Science Ed — 1 5th-6h grade Sei SoC: 91.8%
Life Science clence FRL: 81.8%
ELL: 32.3%
Suburban: Large
Secondary , o SoC: 26.6%
Ben S(;lence. Ed - 3 Middle school  Life Science FRL: 8.4%
Life Science ELL: 5.2%
City: Large
El Sei Magnet & Title 1
Holly ementary 1 K-61 grade cience SoC: 96.4%
Ed. Specialist FRL: 88.2%
ELL: 32.3%
Suburban: Large
El STEM Litle 1
Mitchell ementary 4 K-5™ grade "M SoC: 61.4%
Ed. Specialist FRL: 59.5%
ELL: 10.5%
Suburban: Large
El STEM Litle 1
Penelope ementary 4 K-5" grade o SoC: 63.7%
Ed. Specialist FRL: 58.4%
ELL: 10.5%
City: Large
Title 1
Theodore Elen];edntary 3 5% grade S:iirég SoC: 98.6%
' FRL: 94.8%
ELL: 32.3%

*At beginning of project
**SoC: Students of Color (school); FRL: Free and Reduced Lunch Price (school); ELL: English Language Learners (district)

Data collection

Data for the study were collected using four questions from the semi-structured Teaching Beliefs
Interview (TBI), which contained open-ended questions modified from an earlier study on high
school science teacher beliefs [12]. Two TBIs were administered throughout the three-year
study. These questions were designed to capture the participants’ beliefs on student learning,
how to assess student understanding, and instructional practices regarding pace and how they
viewed their role in the classroom. The TBI interview questions related to beliefs are:

1. How do you describe your role as a teacher? (Teaching practice)

2. How do your students learn best? (Student learning)

3. How do you decide when to move on to a new topic in your class? (Assessment)

4. How do you maximize student learning in your classroom? (Teaching practice)



Data analysis

The interviews were transcribed and coded using existing rubrics developed from two previous
studies [13, 14]. The rubrics are organized into 5 levels of responses on a continuum from
teacher-centered beliefs to student-centered beliefs. We categorized the levels as: teacher leads -
students absorb, teacher leads - students do, teacher lead - students experience, teacher guides -
students experience, students guide - students experience. For an example, the rubric for the
question “How do you maximize student learning?”” consists of a description for each level and
examples of possible responses. Figure 1 provides a truncated version of this rubric.

How do you maximize student learning?

Teacher leads- students
absorb: Teacher
provides information in
a structured
environment

"By providing students

with the content they

need through lecture
and review."

"By arranging the
classroom so the
students face me."

Teacher leads- students

do: Teacher has a

prescriptive framework

that guides instruction

"By connecting
content to real life."

"By providing
examples that
students can work
through."

Teacher creates -
students experience:
Teacher creates an
environment that
attends to student
needs

“By using different
types of activities.”

"By encouraging
dialog among
students around the
content presented."

Teacher guides-
students experience:
Students interact with
one another and their

knowledge

"By using small group
activities in which
students hypothesize,
predict, create, share,
and question.”

“By giving students
the opportunities to
defend their ideas in
front of their peers.”

Students guide- students
experience: Student
ideas drive instruction
and instruction allows for
students to interact with
their understanding

"Students learn
differently."

"By allowing students
to choose their own
vehicles to learn."

Figure 1 4 truncated version of the rubric for coding question 4 for the modified TBI in this study

Each question on the pre- and post-interviews was coded holistically as the unit of analysis, i.e.,
one code was given per answer to each question asked. As a research team, we trained on the use
of the rubrics calibrating with experts on the rubrics. After establishing coding calibration, each
question was assigned to 2 researchers. If agreement was perfect, the codes were set. When there
were disagreements in codes, the whole group discussed and came to consensus. Next, each
participant’s case was written by comparing their pre-post answers for each question and then
considering the answers for each participant as a whole from pre to post. Each case provides
insight into the teachers’ change in beliefs over participation in the professional development
program. Then cases were compared and contrasted in order to identify trends among the
participants as well as the changes in their overall beliefs over time.

Results and discussion
In this section, we will summarize the beliefs of the teachers to explore shifts in their beliefs.

Then, we will present each teacher’s case by describing the beliefs captured in baseline and post
interviews. Finally, we will provide a summary of the results to answer the research questions.



Change of teachers’ beliefs

Table 2 summarizes each teachers’ beliefs based on their interview responses. Each response to
one of the 4 interview questions is marked with an asterisk. The teachers as a whole shifted their
beliefs from more teacher focused to more student focused over the course of the project. The
following sections describe each teacher’s case and in what manner shifts occurred.

Table 2 Change in Participants’ Beliefs

Teacher Student
Teacher led- Teacher led — guided — guided —
students Teacher led — students students student
absorb students do experience experience experience
Allison Baseline interview * * * *
Post interview ** **
Ben Baseline interview *ok * *
Post interview * ** *
Holly Baseline interview Ak *
Post interview ok *
Mitchell Baseline interview * *
Post interview o
Penelope  Baseline interview o o
Post interview” ok *
Theodore  Baseline interview * ok
Post interview ** * *

Note. Each asterisk represents the answer to one of the four questions from the Teacher Belief Inventory. The table visualizes the
change in the participants’ belief systems prior and after participation in the professional development program. “For this teacher,
one of the items could not be coded due to her answer not addressing the real meaning of question, and therefore, is not included

in the table.

Allison

Throughout several years of professional development, Allison’s beliefs about her role as an
instructor, how students learn best, and how to maximize student learning shifted, while she
remained at the same level regarding how she decided when to move on to a new topic in her
classroom teaching. In her pre-interview, Allison indicated that she was a traditional instructor.
After stating, “I have to turn in my lesson plans on a weekly basis at the beginning of the week,”
she expressed her belief that following the lesson plans enabled her to think about different parts
of the lesson and provided a beginning and an ending of the lesson to give it closure. This
statement provided evidence of how she viewed her role as a curriculum planner for her students.
After attending the long-term professional development, she demonstrated a major change in her
beliefs about her role as facilitator of group discussions. She stated, “[Students] do a lot of work
together with their group, so I just monitor them and give them expectations, guidelines, and
assignments.” This comment demonstrated that she was now focusing more on student-centered
activities and viewing her role as that of a facilitator (Teacher led - students experience).



In both interviews, Allison explained that students learn best through hands-on activities while
listening to the teacher during lab activities in which they are building things, indicating a more
teacher-centered view. In the post interview, however, she stated that students learn best not only
through hands-on activities, but also by applying what they learn to real-life situations, meaning
that the teacher provides instruction and students themselves apply their knowledge into
applicable contexts. This suggests a transition towards a more student-centered belief.

At the beginning of the study, Allison described the variety of learning activities that her students
engaged in, such as carrying out lab activities, discussing with each other, and reading material
relevant to what they were learning (Teacher led - students experience). She believed that
engaging in activities instead of just sitting and listening to the teacher was important for
students to maximize their learning. After the professional development program, her beliefs
had aligned to more constructivist teaching approach. Allison now believed the best way for
students to maximize their learning was to engage in more hands-on activities and more groups
work because these opportunities helped students to learn from each other (Teacher guided -
students experience). Allison’s beliefs about student assessment remained constant throughout
the study. In both interviews, she relied on giving different kinds of assessments during and at
the end of a unit to see where students were. She expressed that formative assessments are
constructive ways to see whether her students understood the topic well enough to move on.

Ben

Over the course of the project Ben had several areas of growth in his attitudes, while other areas
remained constant. During the start of this study, he described his role as a teacher in more of a
traditional view, meaning that he delivered knowledge and curricular instruction to his students
(i.e., students meeting standards, learning content). After several years participating in this
program, Ben evolved his role to be more of a guide to his students. In this view, he focuses on
the relationship built between the teacher and student, guiding students to develop the skills
needed to answer questions and think critically. In his post-interview, Ben claims, “[I] make sure
that every kid that is in my classes is meeting proficiency on all of those standards. And then also
to be a good role model, and to help build just daily skills for the kids, whether it be social skills,
or organizational skills, or just character type traits.” While Ben still focuses attention on making
sure students are proficient in the content, he adds an additional component of being a mentor
and a guide to his students, meaning that he leads students to have their own learning
experiences.

In a similar manner, Ben also evolved in his attitudes on when to move on to new topics in his
classroom. At the beginning of the project, Ben provided a more instructive approach in his
teachings, meaning that he directed student learning, and moved on when he felt students
understood the content (such as through formative assessments). After several years, his attitudes
on this topic morphed into a more student-centric approach. He describes how he still employs
formative assessments but focuses on the discussions held by students working in groups. He
states, “If every group is held accountable, let's say they're working in groups, then you don't
really move on until every group has shared, until every group has done their part... So, it's more
for me about discussion, observation, and just seeing what the kids can produce, not how they
can respond to some questions.” In this quote, Ben adopts a more student-guided and student-



experience approach as he decides when to move on to a new topic, meaning that the decisions
are based on how students perform in their groups, demonstrating understanding through their
conversations and interactions held with their peers.

There were two areas where Ben reflected no change in his attitudes after participation in the
professional development program. When asked how his students learn best, Ben’s attitudes
reflect a teacher led-student guided attitude, meaning that students apply knowledge acquired
from the teacher. Ben’s attitudes also remained the same when asked how to maximize student
learning. In this view, his attitude reflects more of a traditional set of beliefs, meaning the teacher
provides information in a structured manner (i.e., PowerPoint presentations, tests...). This
teacher led-students absorb attitude remained throughout the professional development program.

Holly

We observed a shift in Holly’s views of her students and of her own teaching, from a more
teacher-focused view to a more student-focused one (Table 2). The most apparent shift was in
her view of her role as a teacher. In the baseline interview, she expressed her role as a teacher
was to “share my knowledge with my students” and “[give] them the knowledge of my content.”
After participation in the long-term PD, Holly expressed her role to be more of a collaborator,
showing characteristics of a student-centered approach to her teaching. In the post-interview, she
expressed her role as someone who “help[s] give [students] the tools and skills they need in order
to grow in their learning...equipping them with what they need to be successful.” Holly further
elaborated, saying that she is there to “[teach] them what to get and how to get it, or where to
find [their] answers.” Here we observe a shift in Holly’s belief in who is in charge of students’
learning. In the baseline interview, her role is focused on a unidirectional transmission of content
knowledge, whereas in the post-interview, she serves as a mediator to help guide students in their
learning.

No change was observed in Holly’s beliefs regarding student learning (“Teacher led-students
experience” for baseline and post-interview), but there was a noticeable shift in assessment- and
teaching practice-related beliefs (from “Teacher led-students absorb” to “Teacher led-students
experience” for both categories). When asked how she decided to move on to a new topic in her
class, Holly emphasized her reliance on the course outline and did not mention her students. In
her post-interview, Holly expressed her reliance on some form of student feedback to judge
whether to move on. She elaborated that she makes some effort to help students that have not
demonstrated mastery over the subject. With respect to teaching related beliefs, her baseline
interview reflected a teacher-centered views. She attributed student learning to having a
structured environment, free of distractions to maximize her students’ learning. In the post-
interview, Holly expressed her ability to maximize student learning is informed by her students’
abilities and understandings. She states that the students are “getting work at the level that they
can be successful at...Then, when they’re working with me, we take it up one level higher so
that they get the necessary support that they need to move to that next level.” Holly highlights
her role as someone who creates an environment that is informed by students’ needs. Taken
together, we observe substantial growth toward a more student-centered approach from Holly.



Mitchell

Mitchell pre- and post- interviews indicate that he did not experience quite as much change as
the other participants. How he views his role as a teacher, how is students learn best, and how his
student’s learning is maximized remained the same, whereas, how Mitchell determines when he
should move on to a new topic did evolve. When describing his role as a teacher during the post-
interview, Mitchell tended to focus on the outcomes that he generates for his students, saying
that his “role as a teacher is to develop [his] students to their fullest abilities.” This tenor, which
persisted from the pre-interview, suggests a more teacher-focused approach.

Based on his interviews—although there was no change observed in the nature of his
responses—Mitchell expressed either transitional or constructivist views on how to maximize
learning or how his students learn best. When discussing how to maximize learning Mitchell
suggests that he tries “to get them [the students] actively engaged in... their projects and with
each other.” He focuses on activities and working in groups. This is indicative of a teacher whose
practices are transitional between teacher-focused and constructivist approaches. When talking
about how his students learn best he expressed the importance of students constructing their
knowledge through working on teams together and discussing things with each other. Mitchell
suggested that his students learn best by “Learning to

listen to each other, collaborate, and [learning] how to recognize that other people can provide
real help in their learning.” These views indicate constructivist thoughts on learning.

Although the other parameters remained consistent, Mitchell’s expressions regarding how he
decides to move on to a new topic did evolve from an approach based on structure and time to
one motivated, in part, by student understanding. In the post interview, he suggests that “as the
kids are working in their groups and at their engineering team tables, [he] observe[s] what
they’re doing.” But then he augments this with recognition of the constraints of time, which had
been his primary focus in the pre-interview. One possible explanation for has relative lack of
change, as interpreted from his pre- and post- interviews, and as compared to the other
participants, is that he began the study with more experience than other participants.

Penelope

During the study, Penelope experienced a rather diverse set of evolution across the metrics. One
of Penelope’s responses about her role as a teacher was not able to be coded due to her answer
describing the responsibilities of her job rather than her beliefs about her role as a teacher. From
her pre-interview, it was determined that she was very teacher focused, with an emphasis on the
impartation of knowledge. Unfortunately, we did not have enough data in her post-interview to
determine whether any evolution had occurred. When discussing how her students learn best, in
both the pre- and post- interviews, Penelope expressed views consistent with transitional
practices that have elements of being teacher focused but also constructivist. In both interviews,
she primarily suggests that her students learn best through doing. As noted in the pre-interview,
her students learn “by hands on activities—by doing, exploring, discovering...” That being said,
she did show hints of more constructivist ideas by noting the importance of her students
discussing the ideas with each other to help them form their understanding.



Surprisingly, when comparing pre- and post- interview responses regarding when to move on to
a new topic, Penelope actually regressed along our scale from focusing more on student feedback
to reliance on her established structure, curriculum, and time constraints. She suggested that “the
curriculum kind of dictates it for [her].” This may be due to experience. It is possible that as a
teacher gains experience with how long it typically takes a certain demographic to gain
understanding on a topic, they use more effective curriculum planning and do not feel the need
for as much reliance on student feedback.

Lastly, when talking about how to maximize student learning, initially (pre-interview), her main
focus was on structure and making her students aware of her plans for the class, with the ultimate
goal of motivating them. Referencing her students, she would often begin by telling them “what
[she] expect[s]... or the objective is what [she is] teaching [them] today.” We felt that it was very
teacher focused. However, in the post interview, she expressed a focus on how much her students
need to experience the material. She opened by suggesting that she maximizes her student’s
learning “by giving opportunities for them to practice a lot.” We felt as though she had made
progress during the course of the study.

Theodore

The area of greatest change that Theodore displayed was related to his ideas for the question
“how do your students learn best?” In his pre-interview, Theodore’s statements indicate that he
believes students learn best by learning a topic and applying it through a hands-on activity. He
“tr[ies] to incorporate that [hands-on activities] whenever I can in science, but it can be hard
sometimes depending on what you’re teaching”. Here he indicated that he thinks that students
learn best when they are given an appropriate activity by their teacher and that it is the teacher’s
responsibility to develop that activity. In his post-interview, he demonstrated a much more
student-centered approach. He states that “students learn best, I believe, by feeling a connection
to what they’re learning, and kind of learning in an authentic way”, such as when they are “able
to kind of ask their own questions about that topic, maybe do some research about that topic,
maybe try and, if possible, maybe build a model or a representation, or do something to
experience the topic, rather than just kind of talk about it”. He is focused on what the students are
doing and how they are learning without mentioning the teacher at all. In his post-interview
belief, the students are responsible for asking the questions and finding the information without
being told by the teacher.

Theodore described similar beliefs in the pre and post-interviews around the question “how do
you describe your role as a teacher?” In both instances, Theodore describes his role in a teacher
centered manner that focuses on how he as the teacher provides opportunities for the students to
learn. For example, in the pre-interview, he stated “my primary role is to teach the 6th grade
standards for science and writing, but also [act as] a mentor person as well for students”. In the
post-interview, he again indicated his role as the leader of the learning responsible for giving
students things to do with the statement “I guess my role as a teacher, would be to help integrate
authentic kind of problem solving, and hands on learning as much as possible into the school
day”. Although he is focused on hands-on learning, he talks about it in a teacher centered
manner. Theodore also described similar before and after beliefs around the question “how do
you maximize student learning?” In the pre-interview, he started his description with “I try to



maximize student learning by giving multiple opportunities, like, multiple ways of learning about
a concept” and in the post-interview he started with “I try to hit different topics in a few different
ways”. In both instances, he allocated on what he meant by describing example of different ways
of learning that he employs. These views demonstrate that he is considering a range of student
needs, but his classroom is teacher centered in that he is the one choosing when and how to use
certain activities to maximize student learning.

Theodore moved away from a student-centered approach over the time period for his beliefs
about how to move on to a new topic. In the pre-interview, his beliefs were based on several
sources of student feedback, such as “different labs, maybe different group activities, and then
there’s a post-test at the end.” Additionally, he stated that “if there’s something standing up that a
lot of students don’t get then we’ll go back and hit that again.” However, in the post interview,
he stated that “we kind of set a tentative time limit” based on “pacing guides and schedules” but
the time limit is mostly based on how long it takes students to complete activities, rather than on
their understandings.

Cross-case summary of the results

In the present study, we explored teachers’ attitudes before and after a long-term and extensive
professional development program. Our results indicate that teachers overall had moderate shifts
toward student-centered beliefs while involved in this professional development. These shifts
may have been due to participation in this professional development, but there are many other
factors that may have been involved as well. It is likely a combination of factors such as
participation in this PD program, increased experience with standards that require student-
centered practices, and/or participation in professional learning communities.

All teachers other than Penelope made overall shifts toward student-centered beliefs. The two
teachers that had just finished their first year of teaching at the beginning of this program,
Allison and Holly, made large shifts toward student-centered beliefs. Allison’s shifts were
weighted toward beliefs regarding teaching practices; whereas, Holly’s shifts were more even
across the four questions. Ben, a third-year teacher at the start of this study, also make large
shifts toward student-centered beliefs. His shifts were in his beliefs regarding teaching practice
and assessment — but he remained stable in beliefs regarding student learning. Mitchell,
Penelope, and Theodore did not shift substantially overall.

Our findings are consistent with previous literature in that more experienced teachers’ beliefs
were more stable [7, 8]. While the more experienced teachers (Mitchell and Penelope) may have
changed, they did not change to the same magnitude as the newer teachers. In contrast, new
teachers (Holly and Allison) demonstrated greater change towards a more student-centered belief
from baseline- to post-interview. This suggests that with extensive support, newer teachers may
demonstrate a significant shift in their attitudes towards student-centered teaching and teaching
practices [8]. Furthermore, this research adds to the literature on beliefs of science teachers as
teachers’ beliefs were similar to other findings even though the treatment was integrated science
and engineering.



As a whole, the teachers made shifts toward student-centered beliefs in each of the four areas
(role of the teacher, how students learn best, when to move on, and how to maximize learning).
We saw the most growth in the area of the role of the teacher. However, this was due to major
shifts of three teachers (at least 2 levels for the two brand new teachers [Allison and Holly] and
one of the teachers with 3 years of experience [Ben]); the other three teachers did not shift (or in
Penelope’s case, did not answer the question posed). The PD focused a lot on how to implement
the curriculum, which may have had an impact on the way these early career teachers looked at
their role in the classroom.

The remaining questions saw less shift but had some interesting findings. For the question
regarding how student learn best, we saw only two teachers make a shift in this area, with the
other 4 holding constant. Again, this was one of our new teachers (Holly) and one of the teachers
with 3 years of experience (Theodore). It is interesting to note that Theodore made a significant
shift in this area from “teacher creates — students experience” to “students guide — students
experience” which is a two-level shift. For the question regarding when to move on, we saw a
mix of responses. Allison remained constant but at the more student-centered “teacher guided —
students experience” level. Ben made a three-level shift from the fairly teacher-centered “teacher
leads — students do” level to the most student-centered “students guide — students experience”
level. Holly went from the teacher-centered “teacher leads — student absorbs™ level to the
moderate “teacher leads — students experience” level, and Mitchell start from the most teacher-
centered view to a still teacher-centered “teacher leads — students experience” level. In this
question, two of our teachers actually shifted toward teacher-centered beliefs in their responses.
Both Penelope and Theodore went from the moderate “teacher leads — students experience” level
to the “teacher leads — students do” level. Finally, with the question regarding how to maximize
student learning, three teachers made a shift toward student-centered beliefs and three remained
constant. Our two new teachers, Allison and Holly, shifted 1 and 2 levels respectively. Allison
went from the moderate “teacher leads — students experience” level to a more student-centered
“teacher guides — students experience”, whereas Holly shifted from the most teacher centered to
the moderate ““teacher leads — students experience” level. Penelope made a shift toward student-
centered on this question; however, her response went from the most teacher-centered to the
“teacher leads — students do” level. This more detailed look at the shifts in teacher beliefs during
the engineering PD again provide more evidence teachers shift toward a more student-centered
approach [4], but that early career teachers’ beliefs are more likely to shift more than teachers
with more experience [7]-[8].

Implications and future directions

The professional development program provided a variety of opportunities for the teachers to
reflect on their beliefs about teaching and learning. Engaging in activities that focus on
engineering and science during the summer workshops allowed teachers to explore what their
students experience as they participate in those activities in class. The results demonstrate that
the participating teachers shifted some of their traditional, teacher-centered beliefs about
teaching and learning towards more student-centered beliefs. As our data shows, it was not easy
and quick process for the teachers to change their beliefs; however, benefits of this long-term,
sustained professional development program were evident. While the PD did not focus
specifically on teachers’ beliefs, perhaps providing focused reflection time on what teachers



believe about engineering and pedagogy and how this should impact their practice should be
included in aid in their shifts toward student-centered teaching. Our results suggest the need for
additional research on teachers’ beliefs about teaching, learning, and their classroom practices
around engineering and science instruction. This includes exploring teachers’ learning and
implementation of engineering and examining the effects this learning process has on teachers’
teaching practices and students’ science and engineering learning. Given the shifts seen in
teaching practices beliefs, further studies will be conducted to investigate potential shifts in
classroom practices.
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