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Abstract 
 
Integrated STEM approaches in K-12 science and math instruction can be more engaging and 
meaningful for students and often meet the curriculum content and practice goals better than 
single-subject lessons. Engineering, as a key component of STEM education, offers hands-on, 
designed-based, problem solving activities to drive student interest and confidence in STEM 
overall. However, K-12 STEM teachers may not feel equipped to implement engineering 
practices and may even experience anxiety about trying them out in their classrooms without the 
added support of professional development and professional learning communities.  
 
To address these concerns and support engineering integration, this research study examined the 
experiences of 18 teachers in one professional development program dedicated to STEM 
integration and engineering pedagogy for K-12 classrooms. This professional development 
program positioned the importance of the inclusion of engineering content and encouraged 
teachers to explore community-based, collaborative activities that identified and spoke to societal 
needs and social impacts through engineering integration. Data collected from two of the courses 
in this project, Enhancing Mathematics with STEM and Engineering in the K-12 Classroom, 
included participant reflections, focus groups, microteaching lesson plans, and field notes. 
Through a case study approach and grounded theory analysis, themes of self-efficacy, active 
learning supports, and social justice teaching emerged. The following discussion on teachers’ 
engineering and STEM self-efficacy, teachers’ integration of engineering to address societal 
needs and social impacts, and teachers’ development in engineering education through hands-on 
activities, provides better understanding of engineering education professional development for 
K-12 STEM teachers. 
 
Key words: STEM integration, precollege engineering education, professional development, 
STEM teacher self-efficacy 
 

Introduction 
 
Education policy and reform have placed a major emphasis on STEM college and career 
readiness for national economic success [1]-[3]. Integrated STEM approaches in K-12 science 
and math instruction can be more engaging and meaningful for students and often meet the 
curriculum content and practice goals better than single-subject lessons. In addition, student 
engagement and motivation increase in math and science classrooms when there is an increased 



  

focus on engineering approaches such as defining problems, designing solutions, and hands-on 
activities [4]. Critical to successful implementation of STEM approaches, is the direct focus on 
and engagement with engineering as a way for understanding and creating in the world [4].    
 
However, studies show that while K-12 science and math teachers believe that implementing 
engineering practices in their classrooms is important, they do not feel familiar with or supported 
enough to actually do so and may even exhibit anxiety toward the subject [5]-[8]. Even as 
national standards, such as the Next Generation Science Standards (NGSS), place an emphasis 
on integrating engineering practices into science teaching, there is still a persistent concern for 
supporting in-service K-12 teachers to develop and embed rigorous engineering instruction into 
their practice [9]-[12]. Furthermore, there is a critical need for more role models for all students, 
especially underrepresented minorities (URM) and those in high-need school districts, in STEM 
education and career fields [13]. While teachers can help fulfill these roles for students in STEM, 
more attention is needed on professional development supports for teachers and leaders in STEM 
education and teacher education [13]. 
 
To address these needs and the increased focus on engineering integration, this research study 
examines the supports provided by one professional development program that served K-12 
teachers in their development as STEM teachers with a focus on engineering integration. The 
professional development program studied here positioned the importance of the inclusion of 
engineering content into multisubject elementary classrooms and science and math middle and 
high school classes to drive engagement and interest of all students in high-needs schools as a 
motivation for teachers’ development of STEM lessons.  
 
This study looks at two specific courses within a STEM professional development program, 
Enhancing Mathematics with STEM and Engineering in the K-12 Classroom, to explore how 
they support K-12 teacher development of and implementation of engineering practices in their 
planning. The data collection, analysis, and findings discussed in this paper are situated within 
the contexts of professional development, self-efficacy, engineering in the classroom, and social 
justice. The following discussion on teachers’ engineering and STEM self-efficacy, teachers’ 
integration of engineering to address societal needs and social impacts, and teachers’ 
development in engineering education through hands-on activities, provides better understanding 
of engineering education professional development for K-12 STEM teachers.    
 
Context (Literature Review and Prior Work) 
 
This work is framed by the facts that engineering and STEM education should be part of all 
students’ education, effective professional development can be used to increase engineering 
integration in STEM education, and that self-efficacy can be used as a lens for growth and 
change in K-12 STEM teachers [14]-[16].  



  

 
STEM as social justice 
 
Sustained emphasis on STEM education as a means for global competition places significant 
pressure on educators to promote science and math curriculum in their classrooms [2],[3]. Recent 
policies for STEM education reform aim for “lifelong access to high-quality STEM education” 
and for the United States to be “the global leader in STEM literacy, innovation, and 
employment” [17]. These aims require us to provide college- and career-readiness, quality 
STEM instruction, and accessibility to technology as a civil right for all STEM students [16]. 
Through a social justice perspective, we can use engineering as an instrument for informed 
citizenship, action and agency, critical thinking in our communities and in STEM fields overall 
[16], [18], [19]. 
 
The engineering design process offers teachers a way to integrate engineering concepts and 
diverse ways of thinking through plain language and engaging activities. This iterative cycle of 
questioning, imagining, planning, creating, and improving pushes students and teachers to 
problematize their surroundings and to design solutions for common good [20], [21]. Figure 1 
depicts the Engineering Design Cycle that we share with teachers and teacher candidates.  

 
Figure 1. Engineering Design Cycle  

 
The engineering design process supports students’ and teachers’ access to critical thinking 
strategies for sustainability problems, ecological issues, and community-based concerns [21]-
[23].  As students engage in the cycle, they encounter problems that are navigated by using 
personal experiences, content knowledge from other subjects and interpersonal skills. 
Community-based or sustainability-based engineering design challenges are rich in moments for 
valuing student voice, community cultural wealth, and agency in STEM education [22]-[25]. 



  

Integrating engineering into science and math content classrooms can deepen students’ 
understanding of the content, connection with STEM disciplines, and STEM literacy. For 
instance, students can dive deeper into STEM concepts by designing solutions for real-world 
concerns through bioengineering or by focusing on community planning [26], [27]. Engineering 
and STEM integration inherently engage students in culturally relevant pedagogy by pushing 
them to think critically about their community and political action while working towards STEM 
literacy and achievement [16], [19]. We can use STEM education to acknowledge community 
issues, promote awareness, and generate reflection in the classroom [27]-[29].  By pushing for 
engineering design practices that leverage student experiences and engage them in critical work 
on real-world STEM problems, we provide a space for meaningful, justice-based STEM 
education. We show how this approach has the potential for change in the following Figure 2.  
 
Figure 2. Importance of STEM Teaching for Society 

 
 
Professional development and previous work 
 
Darling-Hammond and Richardson [29] find the most effective PD experiences for teachers are 
prolonged; promote insight into student learning; involve collaboration with other teachers; 
develop content understanding through hands-on work; and provide opportunities for classroom 
application. Further, strong PD models are deeply embedded in subject matter (in this case, math 
and science); designed to involve active learning; able to connect teachers to their own practice 
(accomplished through lesson development and reflection); and part of a coherent system of 
support (provided through courses and personal relationships with PD instructors and faculty) 
[31]-[33]. This design allows teachers to develop pedagogical content knowledge (PCK) in 
STEM as they improve integration of STEM subjects, increase content knowledge in math and 
science, and engage in engineering design applicable to K-12 settings—with connections to math 
and science standards. Professional development opportunities are available to in-service 
teachers as workshops, conferences, college courses, or professional learning communities. 
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Professional learning communities (PLCs) are groups of people that collaborate to develop their 
knowledge and expertise of a common interest or passion by sharing individual resources and by 
engaging in critical dialogue [34]. Hord’s [35] commonly used definition describes educational 
PLCs as a community of “Five Dimensions”. These are 1) supportive, shared leadership, 2) 
collaborative learning with a student needs focus, 3) shared vision and values focused on student 
learning, 4) supportive structural and interpersonal conditions, and 5) shared practice [35], [36]. 
Furthermore, in STEM education PLCs, vertical alignment among teachers provides an added 
layer of support to increase understanding of STEM content, provide opportunity for individual 
professional growth, and build consensus across grade levels and subject areas [15]. 

 
The two STEM pedagogy courses that anchor this study were designed with these best practices 
of professional development in mind. Additionally, they were connected back to our prior studies 
on engineering education for preservice teachers and implementing STEM professional 
development in vertically aligned PLCs [15], [37]. These elements of the courses offered insight 
into STEM teacher self-efficacy in engineering and also revealed opportunities for increased 
STEM teacher agency and growth through hands-on activities.  

 
Self-efficacy as a framework for analyzing participants’ experiences and development 
 
We selected Bandura’s [14] self-efficacy framework as a lens to examine participants’ 
development and growth during the two courses that comprise this study. Bandura’s work is 
rooted in psychology and has been widely applied, including to education contexts [38]-[43]. It is 
useful as a framework because self-efficacy is an individual’s own perspective of their future 
ability to perform a given task. In this case, participants self-efficacy for planning engineering 
and STEM learning experiences for their students were examined. Bandura’s framework 
explains that self-efficacy can be developed through four modes. The first, mastery experiences, 
is when an individual has the opportunity to try out the given task, often with guidance or a 
scaffolded experience [14]. Each mastery experience has the potential to support the person’s 
development in self-efficacy for the task, particularly when successful [14]. The second mode we 
consider is vicarious experiences. Vicarious experiences are those reported by peers or others 
that can be thought of as similar to the individual in some ways [14]. Learning of successful 
experiences of others provides encouragement for the individual to develop self-efficacy that 
their attempt will be successful, as well [14]. Verbal persuasion can be connected to vicarious 
experiences when there is encouragement from trusted others to carry out the task at hand and 
that the person will be successful [14]. However, it is generally described as a mentor or trusted 
individual providing this push to achieve. Finally, psychological and affective states speak to the 
stress or personal anxiety that can be connected to performing the task [14]. This concern can be 
mitigated in varied ways, depending on the task, but in this study, participants were all part of 
programs at the college that provided social connections to other participants and instructors, and 



  

was created to be supportive and welcoming in general. Figure 3 maps experiences in the study 
in the two courses to the four modes of Bandura’s theory. 
 
Figure 3. Mapping Course Experiences to Bandura’s Self Efficacy  
 

  
 

Methods 
 

This study uses a qualitative case study approach to examine how in-service teachers designed 
integrated STEM lesson plans, developed their practice in the context of social justice, and 
increased pedagogical content knowledge (PCK) of engineering in the science or math contexts. 
Here, case study analysis allowed us to capture the nuanced experiences, changes, and struggles 
that the teachers encountered throughout their time in two courses, Enhancing Mathematics with 
STEM and Engineering in the K-12 Classroom, through rich, detailed data and analysis [44]. 
Using a narrative case study approach allowed us to develop a detailed story based on our 
interpretations of the data and our co-constructed understandings with participants and our 
research team [45]. It was important that we pursue a qualitative research methodological 
approach to understand subtle changes that occurred throughout the participating teachers’ 
experiences in the professional development. These subtle changes cannot be addressed with the 
same level of detail through quantitative approaches. Rather, they require a constructivist 
qualitative approach to collaboratively explore the participants’ writing, conversations, teaching, 
and instructional planning [46].  

 
Data collected includes participant reflections, coursework, instructor observations and 
reflections, focus groups, and lesson plans. These data sources, described in detail below, offered 
descriptive insight into the stories of these science and math teachers. This study was driven by 
the research question: How do STEM-focused pedagogy courses support teacher development of 
and implementation of engineering practices in their planning?  
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Participants & setting 
 
Our research team worked with 18 teachers in elementary and secondary science, math, or 
computer science settings from two federal grant-funded programs in STEM education and 
leadership. All participants applied for spots in one of the two grant-funded programs and, 
therefore, were aware of these programs’ commitment to STEM integration and social justice 
impetus. Of the 18 participants, 15 identified as underrepresented minorities in STEM including 
women and teachers of color, one participant declined to identify, and 6 were elementary school 
teachers. The participating teachers had a range of experience in teaching at different grade 
levels K-12. Of the 18 participants, one was in their first year of teaching, three had less than 5 
years of teaching experience, five had 5-10 years of teaching experience, five had 11-20 years of 
teaching experience, and four had more than 20 years of teaching experience. All of the teachers 
were working in local, urban or suburban, high-need school districts. Tables 1 and 2 further 
detail participants’ gender, race/ethnicity, subject area, grade level, and teaching experience.  
 
Table 1. Participant Details 
 Elementary MS 

Science 
MS Math HS Math HS Science HS 

Computer 
Science 

Female 6 3 1 2 2 1 
Male 0 1 0 2 0 0 

 
Table 2. Additional Participant Details 
 Black or 

African 
American 

Hispanic or 
Latinx 

White (not 
Hispanic) 

Multiple 
Races 

Not identified  

Female 2 4 7 1 1 

Male 0 0 2 0 1 
 
This study is embedded in the broader context of a larger six-year study on STEM teacher 
leadership. The case chosen for this study included two courses that all 18 teachers completed at 
the time of this study called, Enhancing Mathematics with STEM and Engineering in the K-12 
Classroom. As part of the federally-funded Noyce Master Teacher track IV grant, participants 
experienced the two courses as part of their professional development. These courses make up 
one-third of an Advanced Certificate in STEM Education at the college, which is a specialization 
for practicing teachers offered by New York State. In addition, four of our Noyce Scholar track I 
graduates, who were already teaching, participated in these courses and the study. Both courses 
were taught by School of Education faculty, who helped develop the Advanced Certificate and, 
one of whom, is the PI of the Master Teacher initiative. 



  

These courses both centered on social justice-based STEM teaching and STEM integration with 
a specific focus on promoting teacher agency in the STEM classroom. Enhancing Mathematics 
centered mathematics pedagogy as an instrument for integrating STEM in all content areas. In 
this course, the students considered how mathematics can be STEM-focused and how 
mathematics be used as a lens for science and engineering practices in a variety of lessons [47]-
[49]. Engineering in the K-12 Classroom connected engineering closely with society and 
highlighted engineering fields, careers, approaches through readings, hands-on engineering 
activities, and vertically aligned grouping [4], [50], [51]. This course also supported teachers 
making connections to other content areas, specifically math and science, but also English 
language arts and social studies, particularly at the elementary level, in their lessons. To support 
the robust inclusion of engineering approaches, the program employed a partnership with a local 
school of engineering and invited engineering and STEM faculty to be guest speakers during 
each semester on engineering topics (Table 3, below). Here, students worked through 
engineering-focused lessons that enrich students’ STEM engagement through hands-on activities 
and the engineering design process [5], [20], [21], [52]-[54].  

 
Table 3 illustrates the invited guest speakers and the topics covered in each course. It also 
outlines the data collected in each semester.  
 
Table 3. Enhancing Math and Engineering Course Descriptions 
Semester Courses Guest Speakers and Topics Data Collected 
Spring 
2019 
Fall 2019  

Enhancing 
Mathematics 
with STEM 

Environmental Educator – 
Environmental education and 
connections to engineering applications 
Education Faculty – Using engineering 
activities with students 
Math Faculty – Teaching diverse 
learners 
Engineering Faculty – Robotics 
 

STEM autobiography, 
lesson plans, 
reflections, 
microteaching, 
questionnaires, focus 
group 

Fall 2019 
Spring 
2020 

Engineering 
for the K-12 
Classroom 

Math Faculty – Modeling 
Chemical Engineer – systems 
engineering 
Engineering Faculty – Engineering 
outreach program for HS students 
Biology Professor – bioengineering and 
Green Fluorescent Protein; 
bioengineering and COVID vaccine 

Engineering 
autobiography, lesson 
plans, microteaching, 
reflections, 
questionnaires, focus 
group, observation of 
classroom teaching 
(Fall only) 

 



  

Using our analysis of the data collected in each of these courses, we present findings from the 
results of two years of a mixed-methods study and seek to illuminate themes of: a) teachers’ 
increased self-efficacy for teaching engineering, b) active learning supports learning how to 
teach STEM, and; c) rooting societal needs and social impacts in engineering education. 

 
Data sources 
 
The following triangulated data sources were collected as part of the routine procedures of both 
the Enhancing Math and Engineering courses or as part of the requirements of their grant-funded 
programs. These data sources reflect the multifaceted approach that we took to better understand 
the whole picture of STEM integration in these participating teachers’ work.  
 
Reflections. At the beginning of the semester in each course, participants were asked to write a 
STEM/engineering autobiography and, at the end of the semester in each course, participants 
were asked to write a reflective essay about their experiences in the course and their new 
understandings of STEM education. These reflections not only shed light on the experiences that 
the teachers had in both courses, but they also provided a space for the participating teachers to 
think deeply about their growth in their practices that occurred between both courses [55], [56].  

 
Coursework. For each course, the teachers were asked to design integrated STEM microteaching 
lesson plans using the 5E lesson plan model. These lesson plans were shared with us for analysis. 
In addition, the engineering unit plan assignment and microteaching in the engineering course 
were included in the data set.  

 
Focus groups. At the end of each course, the teachers engaged in focus groups that generated 
conversations on their coursework, pedagogy, and STEM agency. The teachers shared their 
thoughts, experiences, and reflections in conversation with each other.  

 
Field notes. Faculty and the research team documented their experiences and thoughts as they 
engaged in the two courses in this study. Faculty and research team members debriefed routinely 
to discuss the courses and each member kept records of these meetings as well.  
 
Data analysis 
 
We used a narrative case study analytical perspective to interpret the writing, observations, and 
conversations that we collected for this study [44]. This analysis approach allowed us to read the 
participating teachers’ reflections and coursework with a detailed focus on their experiences, 
stories, and introspections across their personal and practitioner documents. Furthermore, this 
allowed us to view their observations and listen to their conversations with the necessary 
openness for considering their individual and group achievements, changes, and struggles. 



  

Borrowing from components of the constructivist grounded theory analytical approach, all data 
sources were reviewed by each member of the research team [45], [46]. This analytical approach 
enabled us to co-construct findings with the participating teachers and position the participants as 
researchers in the study [46]. In initial rounds of analysis, the team read over all data sources and 
created general summaries of the sources in their individual notes. In the second round of 
analysis, the team left comments on shared digital copies of the data sources in a collaborative 
approach to open coding [45], [46]. In the third round, researchers summarized their 
understandings of the generated codes and collaborative notes [44], [46] Throughout the final 
stages of analysis, the team reviewed collective comments to categorize codes and consider 
overarching themes [44], [46]. These themes resulted in the findings described below.  

 
Triangulation and rigor were ensured through the use of varied data sources that captured 
written, spoken, and performed moments in the process of professional development through the 
two courses [44]. Rigor was further established through prolonged engagement with the 
participants which allowed for continuous conversations, member checking, and peer debriefing 
along the process of analysis and writing [45]. This participatory research approach amplified the 
participating teachers’ voices and created the space for an iterative process of reflection, writing, 
and rewriting among the whole team [44], [46]. 

Results 

The findings presented here are organized into themes illustrating the supports that two STEM 
pedagogy courses provided to practicing teachers in their development towards increased focus 
on engineering in their teaching and incorporation of STEM. These three themes illustrate the 
learning environment, work in which teachers engaged, and how they developed.  
Together, these categories of findings demonstrate the growth that practicing STEM teachers 
experienced in developing engineering-centered, integrated STEM pedagogy. 
 
Theme one: Teachers’ increased self-efficacy for teaching engineering  
 
Using Bandura’s [14] framework for developing self-efficacy, we examined participants’ work 
in the two graduate courses, including autobiography assignments, final reflections, and lesson 
and unit planning assignments. We also debriefed the faculty who taught these courses for their 
reflections and observations. We connected these varied data sources to the focus group videos 
and transcripts to create a picture to describe how teachers were able to grow in their feelings of 
being able to teach engineering and STEM. These findings were made across the K-12 group, 
with the majority of teachers indicating less self-efficacy for teaching STEM at the outset of the 
study. Of the 18 participants, three consistently reported high levels of self-efficacy and 
confidence for implementing STEM and engineering lessons with students at each data 
collection point. The rest of the group had lower, varied levels of reported comfort and ability for 
teaching engineering. Interestingly, despite the fact that two of these teachers had taken courses 



  

in engineering courses as undergraduates, they independently shared that learning how to be an 
engineer does not translate into knowing how to support students’ work using engineering 
practices. For example, this high school teacher shared in her “Engineering Autobiography” 
assignment:  

 
Regarding engineering, I must honestly say this is the area in which I am the least 
confident as a teacher.  I feel that I am able to successfully design STEM lessons that are 
based in science, technology, and mathematics but I struggle to incorporate the 
engineering part. (Fall 2019) 

 
Her experience in an engineering program for high school students when she was younger and 
taking engineering courses in college did not support her work now as a teacher, and she was not 
alone. The 15 participants who did not consistently report high levels of self-efficacy shared the 
experience of not knowing how to use engineering or create STEM lessons in the classroom to 
varying degrees. Some shared some forays into engineering projects, but with a lack of 
confidence related to them or feeling that they could do it better. Some made statements such as 
“Overall, I do not feel confident as both student and teacher when it comes to engineering” 
(Engineering Autobiography, elementary teacher, Fall 2019) or indicated that they were nervous 
about doing so or had much to learn. Several noted in the engineering course that they did not 
realize they were employing the engineering design cycle in at-home projects in their lives 
outside of the classroom. Similarly, two participants who had undergraduate coursework in 
engineering shared growth in how to teach engineering, explaining that just because you know 
what engineers do, does not mean you know how to engage students in the process. Notably, one 
of these two teachers explained that teachers need a different type of understanding of 
engineering – just enough to get students excited and engaged in the engineering design process 
– not as much as you need to be an engineer. By the end of the first course, participants were 
sharing that their confidence for STEM teaching had grown and this was illustrated in their 
lesson planning assignments for the course. In one end of semester reflection, a high school 
teacher shared:  
 

Now that I am gaining a deeper understanding about STEM education, I realize that I 
have been incorporating engineering into my classroom. I would say that my level of 
comfort and my confidence as a teacher of STEM is improving. I am seeing so many 
positive outcomes from my students by implementing these lessons. I am excited to keep 
learning and growing as a STEM educator as I move forward in this program. (Spring 
2019) 

 
At this point, other teachers shared they appreciated working with peers in the course to develop 
STEM lessons, an especially difficult task for some veteran teachers who were not required to 
create formal lesson write-ups for their school district. A high school teacher shared how the 



  

siloed nature of the high school subjects never provided an opportunity to incorporate other 
subjects and that this approach was both engaging and beneficial for students.  
 
By the end of the second course, all participants shared strong self-efficacy for teaching STEM 
and engineering lessons. In addition, three participants specifically mentioned that the 
experiences in these courses have given them confidence to speak up as STEM teachers to 
administrators and colleagues. A middle school teacher shared how she previously felt alone, 
trying to implement project-based learning with students and that she was not sure if what she 
was doing was right: “I used to be the crazy lady upstairs…now I can say, ‘Yes, I am a STEM 
teacher! Now it is acceptable and ok and now that the standards are changing” (focus group, Fall 
2019). 
 
The growth of participants’ self-efficacy is a dramatic shift in two semesters’ time. Their 
development was evidenced through their work in the second course, which focused on utilizing 
the engineering design process with students, successfully leading an engineering design activity 
with others, and planning an interdisciplinary mini-unit that utilized engineering as a meaningful 
part of the learning activities. The instructor for the course was impressed with these products 
and how engaging they would be for students. Further, several teachers took the initiative to 
implement activities immediately with their students. While researchers were unable to observe 
these lessons, the course instructors reporting of teachers’ descriptions in class were included in 
our data. Examples of learning activities planned by participants include connecting engineering 
design with social studies units in elementary grades; using COVID-19 data to drive a math 
lesson on statistics that culminated in designing and creating masks; and using a systems 
engineering approach for bus routes that connected to geometry. These engaging projects are just 
a few examples of what participants presented in class and many went on to try with their 
students. The course instructor was “thrilled” with the teachers’ work and applications to their 
teaching area and classrooms (instructor reflection, Spring 2020).  In the final focus group and 
course reflections, teachers shared how they felt more comfortable implementing engineering in 
their classrooms and planning for engineering projects with students. Perhaps illustrating an even 
higher-level of self-efficacy for teaching engineering, several teachers explained how these 
instructional approaches supports students’ learning for life:  
 

I always tell colleagues that in addition to increasing student interest and engagement, 
teaching engineering makes it more fun and exciting to be a teacher because you get to 
teach “real-life” lessons and your instruction feels significantly more impactful”. (high 
school teacher, focus group, Spring 2020) 

 
Another teacher described how when students say that they “want to help people” they only 
think about becoming doctors or the medical field, but now she can share that engineers do this 



  

as well, they solve problems for society, which she came to understand through the engineering 
course (focus group, Fall 2019).   
 
While it is not unexpected that teachers would gain confidence for teaching engineering after 
participating in two STEM-based courses, it is important to understand how their development 
took shape and the supports that were most useful. Although the courses were purposefully 
designed to support teacher growth in STEM teaching, certain aspects emerged as more 
important than previously considered, as participants specifically cited them as being notable 
supports. Figure 4 is a revision of Figure 3 to incorporate additional supports cited by 
participants that supported their work and aligned to the self-efficacy framework. Through focus 
group interviews and end-of-course reflections, teachers shared the supports that were most 
valuable for their growth. We describe this in more detail in Theme Two, but it is relevant to 
Theme One, as these contributed to their self-efficacy development. 

Figure 4. Revised Mapping Course Experiences to Bandura’s Self Efficacy 

 
 
Theme Two: Active learning supports learning how to teach STEM  
 
Participants in this study each grew in their comfort and ability to plan and implement STEM 
lessons during the two courses. It is important to note that specific learning activities embedded 
within the courses were successful towards this goal. While the course meeting activities 
included varied, common graduate-level instructional strategies, such as course readings, short 
lectures, discussions, group work, and lesson and unit planning assignments, additional activities 
designed to specifically support STEM pedagogy were also a main part of the experiences. In 
addition, using our previous work on Vertical Professional Learning Communities, this approach 
was incorporated with a lesson study aspect, which has previously been impactful for in-service 
teachers [15]. This work is a combination of active learning through collaboration and discussion 

Self-efficacy

Mastery Experiences

Lesson planning

Microteaching

Classroom use

Vicarious Experiences
Class meetings

Readings

Verbal Persuasion Faculty

Psychological & 
Affective States

Program Supports



  

of planning, as well as the active engagement with hands-on materials teachers participated in 
through groupwork guided investigations.  
 
This work in these two courses provided contexts for teachers to explore teaching in new ways, 
or to examine their existing teaching practices with new frameworks, while working with peers. 
Some of these frameworks were provided through course readings, mini-lectures and modeling 
during class meetings, but some were co-constructed by teachers as they worked together on 
planning and provided feedback to one another on microteaching. We can align these 
experiences with social constructivism and participants learning through working with one 
another. Similarly, the high school teacher that had previous engineering experience shared that 
she felt that she had discovered that she is in fact a STEM teacher and that the experiences 
provided her the support she needed to recognize that.  

 
In the first course, teachers worked together to plan STEM lesson plans vertically – working 
together on a particular content topic, but geared for each of their grade levels. This was a major 
course experience that many participants talked about in their reflections and the focus group as 
an important part of their work. At first, the course instructor noted the resistance to planning this 
way, however, by the end of the project, the teachers appreciated learning from one another in 
this type of grouping that many had not experienced before. An elementary teacher shared how 
the process helped her realize that she is already doing STEM integration, but did not have the 
lens to see her practice that way prior to this work. Another elementary teacher explained how 
this course helped open up her mind to engineering learning that engineers are problem solvers. 

 
Another significant piece of the industry in this course that was met with initial resistance was 
the microteaching of an engineering design lesson in the second course. Although teachers 
participated in several hands-on engineering design group projects in the engineering class 
including creating a version of an aeolipile – Hero’s engine and balloon cars, for example, 
designing their own seemed intimidating. Research shows the microteaching process is a 
powerful experience for teachers [40], [57], [58]. In this course, teachers designed a 5E lesson 
with a requirement the “explore” piece be an engineering design activity [59]. In class, teachers 
explained the lesson overview and then presented the hands-on explore piece of the activity with 
the class. During COVID restrictions, this microteaching was done at home, with a family 
member or friend and was recorded. In both cases, teachers in the class either participated in the 
activity or viewed the video and then were asked to provide both warm and cool feedback to 
their peers. This type of structured feedback has been used in other professional development 
models led by the research team with success [15], [47], [60]. After the presentation and 
feedback, teachers wrote a reflection on the experience. Teachers reported this cycle of planning, 
presentation, feedback and reflection was beneficial in developing their skills for planning and 
carrying out engineering design projects.  
 



  

Theme Three: Rooting societal needs and social impacts in engineering education 
 
Throughout both the Enhancing Math and Engineering courses, there was a heavy emphasis on 
equity, multicultural approaches, societal needs, and social impacts in STEM education. In the 
Enhancing Math course, teachers engaged in reflections and discussions on issues of social 
justice and social action in teaching. In the first course, a unit was spent unpacking the current 
state of under-represented minorities in science and engineering degrees and careers through 
data-driven group work in class using federal statistics. This was paired with readings to push 
teachers to reflect on their own experiences, such as, White Privilege: Unpacking the Invisible 
Backpack [61]. Class discussion and revelations of personal experiences made this unit 
exploration powerful and meaningful for teachers, as evidenced through their reflections in their 
assignments and the instructor’s observations and reflections.  
 
In the engineering course, several themes relating to diversity were addressed, including global 
explorations of historical engineering achievements, spotlighting the importance of including the 
work of diverse cultures and perspectives other than Western ones.  Connecting the needs of 
society to the work of engineers was also an important way to emphasize not only that 
engineering is a human endeavor, but also that it is subject to human biases. The social media 
initiative #Ilooklikeanengineer was also shared with participants as a way to unpack the personal 
experiences of diverse students in choosing and pursing a degree in engineering. Several profiles 
were selected from the hashtag collection and teachers discussed the students’ experiences in 
groups with prompts. They shared the profiles they explored with the rest of the class in turn and 
the whole group discussed. Teachers worked in groups to consider multicultural and 
sociohistorical approaches to engineering and designed a project focusing on social impacts of 
engineering. A guest speaker who is an engineer at another institution also visited to discuss 
community outreach programs for underrepresented minorities in engineering education. These 
activities supporting conversation and reflection for all the teachers in how they could make a 
difference in their students’ lives by incorporating engineering in their lessons.  
 
Teachers expressed that both the coursework and the social justice perspective in the courses 
helped them gain a deeper understanding of the importance of STEM education and the need for 
increased visibility of engineering in content classrooms. A middle school teacher noted that 
“inclusion and diversity are a student’s right and must be advocated for” in his reflection (Spring 
2019). A high school teacher was particularly struck by course readings and discussions of race 
in the classroom. He shared that he now sees it as his responsibility to “fight” repressive 
stereotypes (Fall 2019). An elementary teacher shared that the guest speakers and readings made 
her want “to create equity in science” (Fall 2019). These are important feelings for teachers to 
develop for social justice teaching and for motivation to teach culturally relevant STEM lessons. 
Students can benefit not only from the content, but from these approaches to support their 



  

persistence in STEM. Further, the more teachers that adopt these approaches, it is hoped that 
other teachers will learn from them.  
 
Implications and Next Steps 

 
The structure of these two courses created an environment in which teachers were able to learn 
and develop their STEM teaching skills and ability to incorporate engineering in their teaching. 
Through our analysis we found that the course activities and supports were powerful in pushing 
teachers outside of their comfort zone into trying new things, reflecting on the experiences, and 
developing self-efficacy for future implementation. The approaches presented here are important 
to share with the STEM education community as we collectively seek to help in-service teachers 
gain the skills to support rigorous STEM learning activities for all students. Examining teachers’ 
self-efficacy development of engineering and STEM teaching was useful to learn if these 
supports were effective towards the course goals. In addition, we believe the social justice 
framework provided a powerful impetus for teachers to engage in this transformation and 
growth, which was supported by the social constructivist nature of the industry in both courses. 
We posit that the combination of supports for development of self-efficacy and opportunities for 
collaborative engagement in the context of this work being a social justice endeavor creates a 
powerful environment for teacher learning.  
 
Teaching engineering is not only now required by many state science standards aligned with the 
Next Generation Science Standards, but it connects strongly to 21st Century Skills 
(https://www.battelleforkids.org/networks/p21/frameworks-resources). Teachers in this study 
clearly found value in engineering design activities for students and for teaching other content 
areas paired with engineering to drive student interest and engagement. In addition, the analysis 
of the work presented here has illustrated to the research team that engineering design can be the 
glue that brings together rigorous STEM lessons and projects. Teachers’ planning showed 
student activities that required creativity, synthesis, and problem solving. These types of learning 
activities for students are the kinds of STEM work students need, and teachers need to share with 
one another.  
 
We intend to follow these teachers and conduct future research as they continue in their careers 
and work on STEM in their classrooms and schools. It will be of interest to the research team 
and the STEM education community to observe any lasting impacts of teachers’ great work in 
these two courses. The courses continue to be offered at our institution and this research informs 
their presentation.   
 
Acknowledgement: This material is based upon work supported by the National Science 
Foundation under Grant #s 1758317 and 1339951. 
 



  

Disclaimer: Any opinions, findings, and conclusions or recommendations expressed in this 
material are those of the author(s) and do not necessarily reflect the views of the National 
Science Foundation. 
 

References 
 
[1] R. W. Bybee, Case for STEM Education: Challenges and Opportunities, Arlington, VA, 

USA: National Science Teachers Association, 2013. 
 
[2] United States Department of Education, Fundamental Change: Innovation in America’s 

Schools Under Race to the Top, Washington, DC, USA, Nov. 2015. Available: 
https://www2.ed.gov/programs/racetothetop/rttfinalrptfull.pdf  

 
[3] United States Department of Education, Committee on STEM Education of the National 

Science & Technology Council, Charting a Course for Success: America’s Strategy for 
STEM Education, Washington, DC., USA, 2018. 

 
[4] L. Katehi, G. Pearson, and M. Feder, Engineering in K-12 Education. National Academy 

of Engineering, Washington, DC, USA: National Academy Press, 2009. 
 
[5] S. Boesdorfer and S. Greenhalgh, “Make room for engineering: Strategies to overcome 

anxieties about adding engineering to your curriculum,” The Science Teacher, vol. 81, 
no. 9, pp. 51-55, Dec. 2014, [Online]. Available: 
https://my.nsta.org/resource/?id=10.2505/4/tst14_081_09_51  

 
[6] B. M. Capobianco, “Exploring a science teachers’ uncertainty with integrating 

engineering design: An action research study,” Journal of Science Teacher Education, 
vol. 22, no. 7, pp. 645-660, Jul. 2011. Available: http://www.jstor.org/stable/43156624  

 
[7] R. Hammock, & T. Ivey, “Elementary teachers’ perceptions of K-5 engineering 

education and perceived barriers to implementation,” Journal of Engineering Education, 
vol. 108, no. 4, pp. 503-522, Oct. 2019. Available: http://doi.org/10.1002/jee.20289  

 
[8] S. Y. Yoon, M. G. Evans, and J. Strobel, “Validation of the teaching engineering self-

efficacy scale for K-12 teachers: A structural equation modeling approach,” Journal of 
Engineering Education, vol. 103, no. 3, pp. 463-485, Jun. 2014. Available: 
http://doi.org/10.1002/jee.20049   

 

https://www2.ed.gov/programs/racetothetop/rttfinalrptfull.pdf
https://my.nsta.org/resource/?id=10.2505/4/tst14_081_09_51
http://www.jstor.org/stable/43156624
http://doi.org/10.1002/jee.20289
http://doi.org/10.1002/jee.20049


  

[9] R. W. Bybee “Scientific and engineering practices in K-12 classrooms: Understanding ‘A 
Framework for K-12 Science Education,’” The Science Teacher, vol. 49, no. 4, pp. 10-16, 
Dec. 2011. Available: http://www.jstor.org/stable/43747251  

 
[10] J. Chandler, A. D. Fontenot, & D. Tate, “Problems associated with a lack of cohesive 

policy in K-12 pre-college engineering,” Journal of Pre-College Engineering Education 
Research, vol. 19, no. 1, 40-48, 2011. Available: http://doi.org/10.7771/2157-9288.1029  

 
[11] T. J. Moore, K. M. Tank, A. W. Glancy, and J. A. Kersten, “NGSS and the landscape of 

engineering in K-12 state science standards,” Journal of Research in Science Teaching, 
vol. 52, no. 3, pp. 296-318, 2015. Available: http://doi.org/10.1002/tea.2119  

 
[12] NGSS Lead States. Next Generation Science Standards: For States, By States. 

Washington, DC, USA: National Academy Press, 2013. 
 
[13] National Science Foundation. STEM Education for the Future: A Visioning Report. 

Washington, DC, USA, May 2020. Available: 
https://www.nsf.gov/ehr/Materials/STEM%20Education%20for%20the%20Future%20-
%202020%20Visioning%20Report.pdf  

 
[14] A. Bandura, Self-Efficacy: The Exercise of Control, New York, USA: W. H. Freeman and 

Company, 1997. 
 
[15] A. M. Gunning, M. E. Marrero, P. C. Hillman, and L. T. Brandon, “How K-12 teachers 

of science experience a vertically articulated professional learning community,” Journal 
of Science Teacher Education, vol. 31, no. 6, pp. 705-718, May 2020. Available: 
http://doi.org/10.1080/1046560X.2020.1758419  

 
[16] W. Tate, “Science education as a civil right: Urban schools and opportunity-to-learn 

considerations,” Journal of Research in Science Teaching, vol. 38, no. 9, pp. 1015-1028, 
Oct. 2001. Available: http://doi.org/10.1002/tea.1045 

 
[17] United States Department of Education “U.S. Department of Education advances Trump 

Administration’s STEM investment priorities: Funding will prepare students for success 
in high-demand career fields,” [Archived information], Nov. 2019. Available: 
https://www.ed.gov/news/press-releases/us-department-education-advances-trump-
administrations-stem-investment-priorities  

 
 

http://www.jstor.org/stable/43747251
http://doi.org/10.7771/2157-9288.1029
http://doi.org/10.1002/tea.2119
https://www.nsf.gov/ehr/Materials/STEM%20Education%20for%20the%20Future%20-%202020%20Visioning%20Report.pdf
https://www.nsf.gov/ehr/Materials/STEM%20Education%20for%20the%20Future%20-%202020%20Visioning%20Report.pdf
http://doi.org/10.1080/1046560X.2020.1758419
http://doi.org/10.1002/tea.1045
https://www.ed.gov/news/press-releases/us-department-education-advances-trump-administrations-stem-investment-priorities
https://www.ed.gov/news/press-releases/us-department-education-advances-trump-administrations-stem-investment-priorities


  

[18] J.C. Garibay, “STEM students’ social agency and views on working for social change: 
Are STEM disciplines developing socially and civically responsible students?” Journal of 
Research in Science Teaching, vol. 52, no. 5, pp.610-632, Feb. 2015. Available: 
http://doi.org/10.1002/tea.21203  

 
[19] G. Ladson-Billings, “Toward a theory of culturally relevant pedagogy,” 

American Educational Research Journal, vol. 32, no. 3, pp. 465-491, 1995. Available: 
http://www.jstor.org/stable/1163320  

 
[20] Engineering is Elementary, “What is the engineering design process?” [Blog], Nov. 2020. 

Available: https://blog.eie.org/what-is-the-engineering-design-process  
 
[21] S. Hoban and M. Delaney, NASA’s Best Students Beginning Engineering, Science, and 

Technology: An Educators Guide to the Engineering Design Process, Grades 3-5, 2018, 
[Online]. Available: 
https://www.nasa.gov/pdf/630753main_NASAsBESTActivityGuide3-5.pdf 

 
[22] B. M. Capobianco, J. DeLisi, and J. Radloff, “Characterizing elementary teachers’ 

enactment of high-leverage practices through engineering design-based science 
instruction,” Science Education, vol. 102, pp. 342-376, Mar. 2018. Available: 
http://doi.org/10.1002/sce.21325  

 
[23] C.C. Chase, L. Malkiewich, and A.S. Kumar, “Learning to notice science concepts in    

engineering activities and transfer situations,” Science Education, vol. 103, pp. 440-471, 
Jan. 2019. Available: http://doi.org/10.1002/sce.21496  

 
[24] N. M. Alozie, E. B. Moje, and J. S. Krajcik, “An analysis of the supports and constraints 

for scientific discussion in high school project-based science,” Science Education, vol. 
95, no. 3, pp. 395-427, May 2010. Available: http://doi.org/10.1002/sce.20365   

 
[25] M. Denton, M. Borrego, and A. Boklage, “Community cultural wealth in science, 

technology, engineering, and mathematics education: A systematic review,” Journal of 
Engineering Education, vol. 109, no. 3, pp 556-580, Apr. 2020. Available: 
http://doi.org/10.1002/jee.20322 

 
[26] A. Mallya, F. M. Mensah, I. R. Contento, P. A. Koch, and A. Calabrese Barton, 

“Extending science beyond the classroom door: Learning from students’ experiences with 
the Choice, Control, and Change (C3) Curriculum,” Journal of Research in Science 
Teaching, vol. 49, no. 2, pp. 244-269, Jan. 2012. Available: 
http://doi.org/10.1002/tea.21006  

http://doi.org/10.1002/tea.21203
http://www.jstor.org/stable/1163320
https://blog.eie.org/what-is-the-engineering-design-process
https://www.nasa.gov/pdf/630753main_NASAsBESTActivityGuide3-5.pdf
http://doi.org/10.1002/sce.21325
http://doi.org/10.1002/sce.21496
http://doi.org/10.1002/sce.20365
http://doi.org/10.1002/jee.20322
http://doi.org/10.1002/tea.21006


  

 

[27] D. L. Zeidler, T.D. Sadler, S. Applebaum, and B. E. Callahan, “Advancing reflective 
socioscientific issues,” vol. 46, no. 1, pp. 74-101, Dec. 2009. Available: 
http://doi.org/10.1002/tea.20281  

[28] D. Birmingham and A. Calabrese Barton, “Putting on Green Carnival: Youth taking 
education action on socioscientific issues,” Journal of Research in Science Teaching, vol. 
51, no. 30, pp. 286-314, 2014.  

 
[29] K.L. Gunckel and S. Tolbert, “The imperative to move toward a dimension of care in 
 engineering education,” Journal of Research in Science Teaching, vol. 3, pp.938-961,   

Mar. 2018, doi:10.1002/tea.21458. 
 

[30] L. Darling-Hammond and N. Richardson, “Teacher learning: What matters?” 
Educational Leadership, vol. 66, no.5, pp. 46-53, 2009. 

 
[31] D. L. Ball, “Teacher learning and the mathematics reforms: What we think we know and 

what we need to learn,” Phi Delta Kappa, vol. 77, no. 7, pp. 500-508, 1996. 
 
[32] M. Garet, B. Birman, A. Porter, L. Desimone, B. Herman, and K. Suk Yoon, Designing 

Effective Professional Development: Lessons from the Eisenhower Program, 
Washington, DC: USA: Department of Education, 1999. 

 
[33] I. R. Weiss and J. D. Pasley, Mathematics and Science for a Change: How to Design, 

Implement, and Sustain High-Quality Professional Development, Portsmouth, NH, USA: 
Heinemann. 2009. 

 
[34] E. Wenger, R. A. McDermott, and W. Snyder, Cultivating Communities of Practice: A 

Guide to Managing Knowledge, Boston, MA, USA: Harvard Business School Press, 
2002. 

 
[35]  S. M. Hord, Professional Learning Communities: Communities of Continuous Inquiry 

and Improvement, Washington, DC, USA: Department of Education. Available: 
https://files.eric.ed.gov/fulltext/ED410659.pdf  

 
[36] S. M. Hord and W. A. Sommers, Leading Professional Learning Communities: Voices 

from Research and Practice, Thousand Oak, CA, USA: Corwin Press, SAGE, 2008. 
 
 

http://doi.org/10.1002/tea.20281
https://files.eric.ed.gov/fulltext/ED410659.pdf


  

[37] M. E. Marrero, K. A. Woodruff, G. S. Schuster, and J. F. Riccio, “Live, online short-
courses: A case study of innovative teacher professional development,” International 
Review of Research in Open and Distance Learning, vol. 11, no. 1, pp. 81-95, Mar. 2010. 
Available: https://doi.org/10.19173/irrodl.v11i1.758 

 
[38] M. H. Dembo and S. Gibson, “Teachers’ sense of efficacy: An important factor in school 

improvement,” The Elementary School Journal, vol. 86, no. 2, pp. 173-184, 1985.   
 
[39] A. M. Gunning, “Exploring the development of science self-efficacy in preservice 

elementary school teachers participating in a science education methods course,” doctoral 
dissertation, Teachers College, Columbia Univ., New York City, NY, USA, 2010. 

 
[40] A. M. Gunning and F. M. Mensah, “Elementary teachers’ development of self-efficacy 

and confidence to teach science: A case study,” Journal of Science Teacher Education, 
vol. 22, no. 2, 2011. Available: https://www.jstor.org/stable/43156595 

 
[41] C. M. Knaggs and T. A. Sondergeld, “Science as a learner and as a teacher: Measuring 

science self‐efficacy of elementary preservice teachers,” School Science and 
Mathematics, vol. 115, no. 3, pp. 117-128, 2015. 

 
[42] J. Deehan, D. H. McKinnon, and L. Danaia, “A long-term investigation of the science 

teaching efficacy beliefs of multiple cohorts of preservice elementary teachers,” Journal 
of Science Teacher Education, vol. 30, no. 8, pp. 923-945, 2019. 

 
[43] M. Tschannen-Moran and A. W. Hoy, “The differential antecedents of self-efficacy 

beliefs of novice and experienced teachers,” Teaching and Teacher Education, vol. 23, 
no. 6, pp. 944-956, 2007. 

 
[44] S. B. Merriam, and E.J. Tisdell, Qualitative Research: A Guide to Design and 
 Implementation, San Francisco, CA, USA: Jossey-Bass, 2016. 
 
[45] J.W. Creswell, and C.N. Poth, Qualitative Inquiry & Research Design: Choosing Among 

Five Approaches, Thousand Oaks, CA, USA: SAGE, 2018. 
 
[46] K. Charmaz, Constructing Grounded Theory, 2nd ed. London, UK: Sage Publications, 

2014. 
 
[47] A. M. Gunning, M. E. Marrero, and N. Dashoush, “How big is a whale? A kinesthetic 

integrated science and mathematics lesson,” Current: The Journal of Marine Education, 
vol. 31, no.1, 2017, ISSN: 0889-5546. 

https://doi.org/10.19173/irrodl.v11i1.758
https://www.jstor.org/stable/43156595


  

[48] L. J. Hefty, “STEM gives meaning to mathematics,” Teaching Children Mathematics, 
vol. 21, no. 7, pp. 422-429, Mar. 2015. Available: 
http://www.jstor.org/stable/10.5951/teacchilmath.21.7.0422  

 
[49] Y. Li and A. H. Schoenfeld, “Problematizing teaching and learning mathematics as 

‘given’ in STEM education,” International Journal of STEM Education, vol. 6, no. 44, 
Dec. 2019. Available: http://doi.org/10.1186/s40594-019-0197-9 

 
[50] A. Gilbert and K. Wade, “An engineer does what now? A 5E learning activity that 

compares engineering to science,” The Science Teacher, vol. 81, no. 9, pp. 37-42, 2014. 
Available: https://www.jstor.org/stable/26490697  

 
[51] W. Owen, “Intel survey of teenagers shows they don’t know what engineers do, limiting 

them from choosing those careers,” The Oregon Live, Dec. 2011. Available: 
https://www.oregonlive.com/hillsboro/2011/12/intel_survey_of_teenagers_show.html  

 
[52] C. M. Cunningham, and W. S. Carlsen, “Teaching engineering practices,” Journal of 

Science Teacher Education, vol. 25, no. 2, pp. 197–210, Feb. 2014. Available: 
https://doi.org/10.1007/s10972-014-9380-5  

 
[53] A. M. Gunning, M. E. Marrero, P. Hillman, and A. Eisenkraft, “Vertically articulated 

professional learning communities: Developing collaboration and practice in a K-12 
science teacher professional development program,” presented at the National 
Association for Research in Science Teaching Annual International Conference. 
Baltimore, MD, USA, Apr. 2016. 

 
[54] R. Moyer and S. A. Everett, More Everyday Engineering: Putting the E in STEM 

Teaching and Learning, Arlington, VA, USA: NSTA Press, 2016. 
 
[55] M. Korkko, O. Kyro-Ammala, and T. Turunen, “Professional development through 

reflection in teacher education,” Teaching and Teacher Education, vol. 55, pp. 198-206, 
Apr. 2016. Available: https://doi.org/10.1016/j.tate.2016.01.014 

 
[56] D. A. Schon, The Reflective Practitioner: How Professionals Think in Action. London, 

UK: Routledge, 1992. 
 
[57] M. Karlstrom and K. Hamza, “Preservice science teachers’ opportunities for learning 

through reflection when planning a microteaching unit,” Journal of Science Teacher 
Education, vol. 30, no. 1, pp. 44-62, 2019. Available: 
https://doi.org/10.1080/1046560X.2018.1531345 

http://www.jstor.org/stable/10.5951/teacchilmath.21.7.0422
http://doi.org/10.1186/s40594-019-0197-9
https://www.jstor.org/stable/26490697
https://www.oregonlive.com/hillsboro/2011/12/intel_survey_of_teenagers_show.html
https://doi.org/10.1007/s10972-014-9380-5
https://doi.org/10.1016/j.tate.2016.01.014
https://doi.org/10.1080/1046560X.2018.1531345


  

[58] F. M. Mensah, “A case for culturally relevant teaching in science education and lessons 
learned for teacher education,” The Journal of Negro Education, vol. 80, no. 3, pp. 296-
303, 2011. Available: https://www.jstor.org/stable/41341135  

 
[59] R. W. Bybee, The BSCS 5E Instructional Model: Creating Teachable Moments, 

Arlington, VA, USA: NSTA Press, 2015. 
 
[60] M. E. Marrero, A. M. Gunning, and C. Buonamano, “A house for Chase the dog: Second-

grade students investigate material properties,” Science and Children, vol. 53, no. 5, pp. 
76-83, Jan. 2016. Available: https://www.jstor.org/stable/43692087  

 
[61]  P. McIntosh, “White privilege: Unpacking the invisible knapsack,” Peace and Freedom, 

Jul./Aug. 1989. Available: https://psychology.umbc.edu/files/2016/10/White-
Privilege_McIntosh-1989.pdf  

 
 
 
 
 
 
 

 
 

 

 

 

https://www.jstor.org/stable/41341135
https://www.jstor.org/stable/43692087
https://psychology.umbc.edu/files/2016/10/White-Privilege_McIntosh-1989.pdf
https://psychology.umbc.edu/files/2016/10/White-Privilege_McIntosh-1989.pdf

