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Abstract: The purpose of this study was to investigate how preservice teachers build their 11 

engineering education identities while they negotiate unfamiliar content and unexpected 12 

circumstances during a clinical experience. Our data sources included participant interviews, video 13 

observations, and reflective journals. Findings suggest that a series of contextual factors faced 14 

during participants’ experiences afford and constrain learning opportunities. It was ultimately the 15 

negotiation of the affordances and the constraints that result in preservice teachers’ pedagogical and 16 

professional growth and identity formation. Results could be used by teacher educators to develop 17 

insight into how best to prepare primary teachers to identify affordances and constraints and 18 

contend with unfamiliar content and unexpected circumstances when teaching engineering. 19 
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 22 

1. Introduction 23 

It is predicted that many of the jobs of the future will be in the fields of technology and 24 

engineering [1] and the USA Bureau of Labor Statistics suggests that modern growth in 25 

STEM fields will lead to an excess of 600,000 engineering and engineering technology 26 

job openings in the USA alone by 2024 [2].  To address this looming shortage of 27 

workers in engineering fields, the workforce of the future will require engineering 28 

literate graduates who are engaged in and excited about possible engineering careers. 29 

However, many primary and secondary students, who are the future workforce, report 30 

they are incapable of becoming engineers because either they do not understand what 31 

engineers do or they do not think they have the abilities needed to become an engineer 32 

[3]. These findings are especially prevalent for underrepresented groups in engineering. 33 

A lack of engineering exposure is one possible cause for these reported deficiencies. 34 

Because students’ interests in (Hall, et al., 2011) and prior knowledge of a profession 35 

(Wyss, Heulskamp, & Siebert, 2012) are reported to influence career choices, a lack of 36 

exposure to engineering in primary and secondary stages could limit the number of 37 

students pursuing engineering careers. Further, additional influential factors like hard- 38 

to-fill teacher positions, limited access to professional development, and fewer STEM 39 

course offerings could be exacerbating the insufficient exposure to engineering for 40 

primary and secondary students [4].   41 

The quality of engineering students in India, China, and the USA has been tied to their 42 

educational experiences (Gereffi et al., 2008), indicating that strengthening pathways 43 
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into engineering careers, as well as preparing engineering literate students, requires 44 

engineering literate teachers.  Countries such as Australia (Prinsley & Johnson, 2015), 45 

United Kingdom (Royal Academy of Engineering, 2018), and USA (NASEM, 2020) are 46 

calling for a national focus on engineering professional development for primary 47 

teachers. Research suggests quality teacher professional development can impact both 48 

teachers’ perceptions of STEM learning and their confidence to teach it, and also their 49 

students’ engagement in STEM activities [5]. Conversely, preservice teachers (PSTs) 50 

report feeling less prepared to teach STEM due to lower perceived levels of both STEM 51 

knowledge and pedagogical content knowledge (PCK) [6]. Hence, the impact that STEM 52 

curriculum can have on student engagement should be recognized, as should the role 53 

that teachers’ perceptions play in effective implementation. Therefore, re-envisioning 54 

teacher training around engineering education is warranted. 55 

To re-envision teacher education, it becomes critical to candidly analyze not just the 56 

support structures that result in effective teacher training, but the constraints that limit it 57 

too. The realities of teaching during a pandemic placed many preservice teachers in field 58 

experience contexts for which they were unprepared, dealing with even the most basic 59 

of challenges like Internet connectivity. Yet according to a 2020 survey, teachers reported 60 

issues beyond Internet availability that impacted teaching during COVID-19, including a 61 

lack of training in technology tools, increased frustration from parents, an inability to 62 

effectively monitor student work, and an associated drop in student engagement 63 

(Kundu & Bej, 2021). In March to May 2020, US students lost on average 19 days of 64 

schooling (Hanushek & Woessmann, 2020). New teachers entering their first field 65 

experiences in Fall 2021 were asked to accommodate for these learning losses and be 66 

prepared to do so both online and in socially-distanced learning environments.  67 

2. Literature Review 68 

2.1 Field Placement 69 

A variety of international policy initiatives have resulted in a global focus on field- 70 

based teacher preparation as a primary PST training mechanism [7]. Field placements 71 

continue to serve as a crucial component of teacher education and are essential to the 72 

construction of PSTs’ beliefs about teaching, as well as their capacity for effective teaching 73 

[8]. Traditionally, clinical experiences take place at the very end of the teacher preparation 74 

sequence, yet programs are now building in frequent and early field opportunities within 75 

teacher education programs [9]. Now, most teacher education programs rely on a series 76 

of field experiences that take place over the course of the teacher education program and 77 

often rely on a school-university partnership [10]. Although a variety of approaches to 78 

preservice teacher education exist, in the traditional model, “college-recommending”, 79 

PSTs receive coursework on “how” and “what” to teach, and then apply those new 80 

understandings in their field experiences [11]. Research on field experiences suggests 81 

student teaching provides critical space for PSTs to develop their teaching identities, and 82 

science teacher identities in particular, which can result in more personal connections to 83 

and confidence in teaching science [12]. Further, field experiences afford a venue to move 84 

theory to practice and apply what is learned in university-based coursework [13], as well 85 

as opportunities to witness social injustices, practice equitable teaching, and build 86 

inclusive learning environments [12].  87 

Coursework and clinical experiences should be complementary, allowing PSTs to 88 

connect their coursework learnings and observations during clinical experiences [14]. For 89 

example, clinical experiences afford opportunities to develop both content knowledge and 90 

pedagogical knowledge [15]. Much of what teachers need to learn about teaching is 91 

specific to particular content; in other words, teachers need clinical experiences where 92 

they can grapple with the challenges students face when learning particular content [9]. 93 

Ultimately, field experiences provide space for PSTs to push their understandings of 94 



Educ. Sci. 2022, 12, x FOR PEER REVIEW 3 of 20 
 

teaching and learning beyond what they learned from their own experiences as a student, 95 

what Lortie [16] calls “apprenticeships of observation” [17]. 96 

 97 

2.2 Engineering Education Professional Development  98 

Primary teachers often report being unfamiliar with engineering content [18,19] and 99 

lack experiences teaching it [18]. Teacher preparation programs have not traditionally 100 

incorporated instruction on how to teach engineering into their programs. In fact, only 3% 101 

of primary teachers in the USA reported having any college coursework in engineering 102 

and only 3% reported feeling well prepared to teach engineering to their students [20]. A 103 

lack of familiarity with engineering can lead to limited conceptions and misconceptions 104 

about the field [21,22] which can influence teachers’ approaches to teaching engineering 105 

[23]. Further, research has shown that teachers are uncomfortable teaching concepts they 106 

are unfamiliar with (Brophy et al., 2008), which may result in them avoiding teaching the 107 

subject at all [24]. 108 

To address these challenges, teacher educators must provide opportunities for 109 

primary teachers to enhance their knowledge and teaching efficacy related to engineering. 110 

The Standards for Preparation and Professional Development for Teachers of Engineering 111 

[25] stress the importance of providing opportunities for teachers to develop engineering 112 

PCK knowledge. PCK refers to a teacher’s ability to present content in a way that is easily 113 

understood by others [15]. Teachers who possess high levels of PCK understand what 114 

makes particular concepts difficult to understand and the preconceptions and 115 

misconceptions students have about a subject. Further, they can employ teaching 116 

strategies, such as engineering design-based teaching, that make the concepts accessible 117 

to the students they are teaching.  118 

Providing opportunities to develop PCK can also provide mastery experiences to 119 

enhance engineering teaching efficacy. Teacher efficacy, an extension of Bandura’s self- 120 

efficacy [26], refers to a teacher’s belief in their ability to influence student learning [27] 121 

and consists of both general teaching efficacy and personal teaching efficacy [28]. Teacher 122 

efficacy varies across contexts such as subject matter and age of student taught [29] and is 123 

a strong indicator of how successful a teacher will be in the classroom [30].  The 124 

correlation between teacher efficacy and classroom success has led to researchers using 125 

teacher efficacy to explore the impacts of engineering focused learning opportunities on 126 

teachers [31-34]. For example, providing PSTs with opportunities to engage in 127 

engineering-focused training and later teach engineering lessons to primary aged 128 

students has been shown to enhance engineering teacher efficacy [32,34]. Engineering 129 

teacher efficacy has even been shown to increase without direct engineering teaching 130 

opportunities when preservice [31] and in-service primary teachers [33] are provided with 131 

authentic opportunities to engage in engineering design challenges as learners.  These 132 

studies illustrate that primary teachers’ efficacy for teaching engineering can be enhanced 133 

when they teach engineering activities to their students as well as when they engage in 134 

engineering-focused learning opportunities themselves. 135 

3. Theoretical Framework 136 

This project integrates Social Cognitive Career Theory (SCCT) and Situated Learning 137 

Theory (SLT) to examine preservice elementary teachers’ experiences while teaching 138 

engineering and the formation of their teacher identities. To prepare effective engineering 139 

teachers, teacher educators need to help PSTs enhance their engineering related teaching 140 

efficacy by providing them with mastery experiences occurring within authentic contexts 141 

(SLT) that will hopefully bring about career related affirmation beliefs (SCCT). 142 

Consequently, we rooted our study in those frameworks, using SCCT and SLT as a lens 143 

to investigate their experiences and teacher identity formation. 144 

 145 
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3.1 Social Cognitive Career Theory (SCCT)  146 

SCCT is a conceptual framework for understanding the aspects involved in career 147 

development [35]. SCCT draws from Bandura’s Social Cognitive Theory and presents 148 

three building blocks of career development: self-efficacy, outcome expectations, and 149 

personal goals. Self-efficacy refers to an individual’s beliefs about their abilities to succeed. 150 

A person’s self-efficacy develops in four ways: through personal performance and 151 

mastery, social modeling (vicarious learning from others like you), social support from 152 

others, and improvement of psychological and physical well-being [36]. Outcome 153 

expectations refer to a person’s beliefs about what will result from performing specific 154 

behaviors and might include things like monetary gains, social approval or disapproval, 155 

and self-satisfaction [35]. Individuals set personal goals to guide their behavior and 156 

increase the likelihood of achieving desired outcomes. According to SCCT, individuals 157 

choose careers based in part on their attitudes, values, and interests. Individuals are more 158 

likely to have positive attitudes towards and express interests in activities they feel 159 

confident in (high self-efficacy) and from which they expect positive outcomes. 160 

Additionally, increased interest in a particular activity is likely to result in an individual 161 

investing more time participating in that activity. Increased participation or practice in a 162 

particular area can also result in improved skills which will lead to higher self-efficacy, 163 

thus reinforcing interest in the area [35]. Alternatively, if individuals do not feel confident 164 

in certain activities (such as teaching engineering) they will be more likely to avoid 165 

participating in those activities. 166 

Self-judged capabilities influence the career options people consider, how much 167 

interest they show in a career, and the job paths they ultimately follow [35,37]. According 168 

to SCCT, individuals choose career paths based on their interests, attitudes, and values 169 

[35]. Because people invest more time participating in activities that they have high self- 170 

efficacy in, they are likely to enhance their skills related to those activities, and thus 171 

enhance their self-efficacy. Individuals can then choose career paths based upon these 172 

developed skills they feel confident in. Conversely, if individuals have low self-efficacy in 173 

an area (such as teaching engineering), they may avoid participating in activities that 174 

could enhance their skills related to that area. 175 

 176 

3.2 Situated Learning Theory (SLT) 177 

According to situated learning theory [38], learning is situated, meaning it is 178 

embedded within activity, context, and culture. Learning takes place in authentic contexts 179 

in which the knowledge would normally be used. For teachers, then, it could be argued 180 

that learning how to be a particular type of teacher happens, in part, while the teacher is 181 

teaching. Social interaction is an essential component of situated learning as learners 182 

become involved in a community of practice that embodies the beliefs that are to be 183 

acquired [39]. Teachers are likely to spend less time teaching in a content area in which 184 

they have low efficacy [24,40]. Because teachers learn and grow with teaching practice, 185 

avoiding teaching experiences due to low efficacy can result in teachers missing valuable 186 

learning opportunities that could enhance their PCK [40].   187 

SLT views learning as an identification process in which identities are conceived as 188 

“long-term, living relations between persons and their place and participation in 189 

communities of practice” [38]. Further, a community of practice is defined as “an activity 190 

system about which participants share understandings concerning what they are doing 191 

and what that means in their lives and for their communities” [41]. Identity building is a 192 

process of negotiating the meanings of one’s experiences as a member of a social 193 

community [39]. As such, what a teacher knows, does not know, does, or does not do are 194 

all negotiated over the course of the job while interacting with others. This creates a 195 

unique identity that is shaped by belonging to the community. 196 

Learning is an identification process, and learning (and thus identification) is an 197 

“evolving form of membership” [39] within a community of practice. When a teacher 198 
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comes in contact with unfamiliar content or practices (such as engineering design-based 199 

teaching or engineering concepts), the teacher ventures into unfamiliar territory and must 200 

engage in legitimate peripheral participation and learn form more experienced peers in 201 

order to move inward from the periphery of the community and assume the role of expert. 202 

This apprentice-expert model presented by Wenger [39] assumes that the novice will have 203 

access to a more experienced member of the community of practice. Further, the 204 

knowledge the novice is learning from the expert must be applied in authentic contexts 205 

in order for the novice to move closer to the center of the community. Having access to an 206 

experienced teacher mentor is an expectation for most field placement students; however, 207 

there is a limited number of classrooms in which PSTs can be placed where they will see 208 

high quality reform-based teaching practices being implemented [42]. It is not uncommon 209 

for primary PSTs to complete their entire teacher preparation program without witnessing 210 

high-quality reform-based science teaching or engineering teaching. Studying the ways in 211 

which PSTs negotiate their identities as primary engineering teachers within the school 212 

and professional communities could have implications for the way scholars view the role 213 

of novice/expert in professional identity formation as well as for the ways we approach 214 

teacher training, induction, and professional development. 215 

4. Purpose 216 

This qualitative case study [43,44] investigates the experiences of two PSTs working 217 

in diverse settings – one in a completely virtual classroom and the other in a face-to-face 218 

classroom implementing social-distancing protocols. More specifically, this study 219 

investigated the experiences of the two primary education preservice educators 220 

completing their practicum field experience while confronted with unforeseen 221 

circumstances and unfamiliar content. These unforeseen circumstances resulted from an 222 

abrupt change in the modality of their teaching experience due to the COVID-19 223 

pandemic, as well as the introduction of unfamiliar STEM content on which a component 224 

of their field experience focused.  225 

During the summer prior to their practicum experience, the PSTs participated in a 226 

series of professional development opportunities focused on using ethnographic practices 227 

and photo journaling in the design and delivery of micro-computer engineering 228 

instruction in their practicum primary classrooms. And because both PSTs originally 229 

planned to complete their practicum experience within physical classrooms, the training 230 

focused on the integration of those strategies and the curriculum in face-to-face contexts 231 

specifically. Unfortunately, the resurgence of COVID-19 in late summer 2020, resulted in 232 

a shift to hybrid and fully online instruction, and the need to integrate approaches for 233 

which the PSTs were not prepared. Consequently, we focused our research efforts on the 234 

PSTs’ experiences considering that better understanding how the PSTs adapted to the 235 

unforeseen circumstances and unfamiliar engineering content could provide teacher 236 

educators insights into how best to prepare new teachers for unexpected challenges when 237 

teaching engineering. 238 

However, not enough is known about how PSTs respond to and negotiate unfamiliar 239 

content and unexpected circumstances when teaching engineering. Further, little research 240 

exists on how PSTs’ experiences were altered by the pandemic. Even less research exists 241 

on how primary PSTs navigated shifts in teaching modality when teaching engineering in 242 

online or hybrid contexts.  The purpose of this study was to investigate how PSTs 243 

respond to and negotiate unfamiliar content and unexpected circumstances when 244 

teaching engineering and how those experiences influenced their identities. The following 245 

research questions were developed to guide these efforts: 1) How do preservice teachers 246 

navigate unfamiliar contexts when teaching elementary engineering? 2) What do 247 

preservice teachers indicate they learn throughout their field experiences? 248 

5. Materials and Methods 249 
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5.1 Overview 250 

This study focuses on the experiences of two preservice primary education majors 251 

completing their practicum field experiences as part of their teacher education program 252 

and preparation to become primary teachers. The teacher education program is situated 253 

within a large, public land grant university in the Rocky Mountain region and each study 254 

participant was assigned a pseudonym for confidentiality. The practicum experience is an 255 

80-hour field experience occurring after early field experiences (those associated with 256 

general teacher education coursework) and before student teaching, where PSTs 257 

gradually take the instructional lead in the classroom. In this teacher education program, 258 

PSTs are preparing to teach in primary contexts and must complete two total practicum 259 

experiences before moving on to student teaching. We provided each PST a pre-built 260 

engineering curriculum that focused the integration of computer science, electrical 261 

engineering, and agriculture science to build soil moisture sensors and automatic 262 

watering systems. Given the role that ranching and farming plays in the area, this 263 

particular engineering curriculum was selected because the agriculture connection 264 

provided the most relevance to the greatest number of participating students.  265 

5.2 Participants   266 

The first participant, Kristina, is a 4th year student at the university working toward 267 

her primary education degree with a science education option. Upon graduation, Kristina 268 

will be recommended for licensure to teach US grades K-8 (5 to 14-year-olds). Kristina was 269 

placed for her second practicum experience in a local 4th grade classroom (9 to 10-year- 270 

olds) where she was eager to apply her training in primary and science education. Her 271 

cooperating teacher, or the supervising teacher in whose classroom Kristina was 272 

completing her second practicum experience, was Holly. Holly is a 14-year teaching 273 

veteran with National Board Teacher Certification, a national level advanced teaching 274 

credential. Kristina hopes to teach upper primary or middle/junior high school science 275 

when she graduates. 276 

The second participant in this study, Jennifer, is a 3rd year student in the teacher 277 

education program who switched majors from engineering to primary education her first 278 

year at the university. Jennifer is working toward both the science and mathematics 279 

education options within the teacher education program. Jennifer was placed in a small 280 

rural 3rd grade classroom (8 to 9-year-olds) to complete her first of two total practicum 281 

experiences and is hoping to teach middle/junior high school science or math when she 282 

graduates. Jennifer’s cooperating teacher is Kerri, a 3rd grade teacher with almost 20 years 283 

of teaching experience. 284 

5.3 Study Design  285 

We employed a nested qualitative case study approach [43,44] to explore PSTs’ 286 

experiences during a field placement where they were confronted with both unforeseen 287 

circumstances and unfamiliar content. The case or “bounded system” [44] of interest in 288 

the current study is a university practicum field experience occurring during the COVID- 289 

19 pandemic. Nested within this single case are two individual participants, each 290 

constituting their own case. We employed purposeful intensity sampling [43] to identify 291 

two participants who met the following criteria: (1) their field placement experience 292 

consisted of unexpected circumstances beyond what might typically be expected, and (2) 293 

they were in charge of delivering unfamiliar content to elementary students in the form 294 

of technology-enhanced engineering curriculum. Intensity sampling allowed us to 295 

identify participants whose experiences were unusual enough to provide information rich 296 

examples that could illuminate both the typical and atypical.  297 

5.4 Data Collection 298 

We collected multiple forms of data, focusing on the three data collection techniques 299 

Merriam describes as “most appropriate for qualitative case study research” [44]. These 300 

included participant interviews, video observations, and documents – reflective teaching 301 
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journals in the present study. The use of multiple data sources provided diverse material 302 

for analysis and allowed for data triangulation [43].  303 

5.4.1 Interviews 304 

We conducted one in-depth interview with each preservice teacher within two weeks 305 

after they finished their practicum experience. Each interview spanned approximately 1.5 306 

hours and was video recorded and transcribed. We utilized a combination interview 307 

approach making use of both a standardized open-ended interview protocol and an 308 

informal conversation [45] to “capture the perspectives of program participants” [45]. This 309 

combined approach ensured we were collecting the same data from both PSTs, while 310 

simultaneously providing flexibility to explore additional topics that an individual 311 

interviewee deemed important. The interview questions were developed to elicit 312 

information around (a) participants’ prior training to prepare them for the experience 313 

(e.g., “What facilitation/guidance did you receive for teaching in the modality that you 314 

did?”), (b) the field placement experience itself (e.g., “What was your role in the 315 

classroom?” “What sorts of conversations transpired between you and your cooperating 316 

teacher? Talk about the topics and highlight some of the most interesting conversations 317 

you had.”), (c) experiences teaching engineering (e.g., “How did you integrate lessons 318 

learned from the summer professional development into your teaching of engineering?” 319 

“Can you share more about your experiences with teaching engineering?”), and (d) 320 

thoughts on their own learning (e.g., “What did you learn about yourself from this 321 

experience? As a teacher? As a learner? As an engineering literate person?”). The 322 

interview protocol was shared with the PSTs two days before the interview to allow them 323 

time to organize their thoughts around the questions. 324 

5.4.2 Reflective Journals 325 

Throughout the field placement experience, PSTs were asked to take ethnographic 326 

field notes using the notetaking and notemaking approach described by [46]. These field 327 

notes consisted of detailed observations as well as PSTs’ personal reflections on what they 328 

observed and experienced while engaging in field placement activities (e.g., observing 329 

mentor teacher, lesson planning, lesson delivery). 330 

5.4.3 Video Observations 331 

COVID-19 mitigation strategies prevented us (the research team) from observing 332 

field placement activities in person. Both PSTs videoed the engineering lessons they 333 

taught, allowing us to observe engineering lesson delivery remotely. 334 

 335 

5.5 Data Analysis 336 

Data collection and analysis occurred simultaneously, with each author creating 337 

analytic memos throughout the process [47]. After all transcripts and documents were 338 

collected, formal data analysis began and consisted of multiple coding phases and 339 

collaborative sense-making sessions. The process began with the three of us 340 

independently open coding [47] the data, first by lumping the data into chunks and 341 

assigning initial codes, and then going back through each chunk to complete line by line 342 

coding. After completing this initial round of open coding, we came together for a 343 

collaborative sense-making session. During this session, we discussed the results of our 344 

individual coding and developed a shared codebook to use during a second round of 345 

coding. In addition to codes that emerged from the open coding process, the codebook 346 

contains a set of codes connected to the theoretical frameworks that inform this study. 347 

Table 1 provides an excerpt from the resulting codebook. 348 

 349 

 350 

 351 

 352 
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Table 1. Excerpt from codebook. 353 

Code Description Examples 

Challenges 

Challenges refer to those 

challenges that hindered the design 

and delivery of the curriculum or 

to challenges with the curricular 

materials or school infrastructure. 

“They have to wear masks and like wash their 

hands and hand sanitizer all the time. Um, 

and I definitely struggled with it and so this 

year was super different just in having kids, 

[physically distanced] as much as possible” 

(Jennifer interview) 

Confidence and Self-Efficacy 

Confidence and self-efficacy refers 

to preservice teacher’s belief in 

their ability to influence student 

learning [26,27]. 

“You really don't need to know everything 

about engineering to teach engineering. My 

confidence with teaching engineering I think 

was the biggest thing that had changed 

because as a teacher you just it's impossible to 

know all you need to know.” (Kristina 

interview) 

Pedagogical Growth 

Pedagogical growth refers to the 

preservice teachers’ development 

of their knowledge of teaching and 

learning. 

“Some kids maybe we're coding or they're 

doing extension and coding even more and 

some kids are focusing on identifying the 

problem and some students are doing the 

building part and, again, still student centered 

and I'm going around asking questions. But I 

think the difference here is that it's. There's a 

lot going on. Moving to the same goal but the 

students are at different parts of the same 

goal” (Kristina interview) 

Professional Growth 

Professional growth refers to the 

preservice teachers’ development 

of their understandings and 

perceptions of the professional 

dimensions and responsibilities 

about teaching. 

“This portion of the lesson may have been 

rushed because I didn't explicitly think about 

how I was going to connect it (what questions 

I would ask students, how I would have the 

students discuss this, etc). A consequence of 

this is that students weren’t able to fully 

connect their own personal experiences to the 

lesson. Had they made this connection, they 

would have been more intrigued with the 

challenge.” (Jennifer reflective journal 4) 

 354 

After the second round of coding, we met for another collaborative sense-making 355 

session to discuss the codes and critical events we had independently identified using the 356 

shared codebook. At this point in time, we began a series of three additional collaborative 357 

sense-making sessions to jointly engage in axial coding [47]. During the axial coding 358 

sessions, we strategically reassembled the data and identified the most important 359 

categories and associated categories present in the codes. Through the axial coding 360 

process, the interconnectedness of the resulting themes was identified and used to create 361 

a streamlined graphic (Figure 1) to serve as the framework for drafting the results section 362 

of the manuscript. 363 

 364 

5.6 Trustworthiness  365 

Throughout data collection and analysis, a number of Lincoln and Guba’s [48] 366 

techniques for establishing trustworthiness were employed by the research team. First, 367 

data collection occurred over an entire academic year, and we engaged in a prolonged 368 

period of establishing rapport with participants [49]. Secondly, an audit trail has been 369 
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carefully maintained to ensure full transparency in the decisions we made about our 370 

interpretations and analyses. This included maintaining the integrity of all raw data as 371 

well as notes documenting our data reduction process and decisions. We engaged in 372 

multiple methods of triangulation [45,50] including the use of multiple investigators for 373 

collecting and analyzing the data; the use of multiple theories to confirm emerging 374 

findings; and the use of multiple data collection methods to establish confirmability, 375 

including cross-walking between the participants’ field notes and interview data. Lastly, 376 

we built rich, thick descriptions of the participants’ experiences, and used those 377 

descriptions to member check with the PSTs. 378 

6. Results 379 

Following data analysis, we composed case summaries and then framed responses 380 

to each of our research questions. Case summaries, accompanied by a case summary table, 381 

are have been included along with responses to the individual research questions. 382 

 383 

6.1 Kristina: "I Found My Passion”  384 

Although the school at which Kristina was placed opted to return to in-person 385 

learning in the fall, Kristina’s cooperating teacher was selected to teach online for those 386 

4th graders who were not able nor comfortable returning to face-to-face instruction. 387 

Kristina had not planned on completing her second practicum in an online and virtual 388 

context, but as expected, tackled the challenge with enthusiasm and excitement. Her 389 

cooperating teacher, Holly, is considered by many to be a technology leader in the school 390 

and across the district, and Kristina was eager to experience online teaching and learning 391 

under her guidance.  392 

Kristina shared on several different occasions how much this experience impacted 393 

her thinking about science instruction and shared some notable impacts on her 394 

perceptions of engineering and how to best teach STEM content. Most importantly, 395 

Kristina’s confidence in teaching engineering increased considerably from the start of the 396 

project to the end. She shared that prior to this experience, “engineering before was so 397 

distant to me and I was detached from it; it was a different world", but after the experience, 398 

she “become more confident in my understanding of engineering” through the 399 

opportunity to teach it. Although she was at first concerned about teaching STEM, 400 

especially under COVID-19 constraints, she soon found passion for both teaching and 401 

learning STEM material. She said, “I was so excited and had so much motivation 402 

throughout the whole thing like once I got into it, I was like, Yes, this is what I want to 403 

do.” Because the engineering curriculum she delivered included considerable focus on 404 

computer science, and more specifically, in coding, a content area that she found daunting 405 

yet intriguing, she was exposed to a STEM discipline that ignited her passion and 406 

validation for her chosen career. This experience afforded a series of learning 407 

opportunities that ultimately resulted in the type of career affirmation event we want all 408 

PSTs to experience during their teacher education trajectory. She shared that after the 409 

experience, “I hope to be a STEM teacher, you know in middle school or elementary 410 

school, and help implement this sort of stuff and moving forward in whatever district I'm 411 

in”. The experience also afforded Kristina the opportunity to explore the true power of 412 

collegial and collaborative relationships during her time in practicum. Holly routinely 413 

revisited the best-practice research in teaching with Kristina, reminding her that it is 414 

unrealistic to know everything as an educator. Kristina shared, “Going into this 415 

experience, I thought I needed to know everything about STEM in order to teach it, but I 416 

actually learned a lot along with the kids.” The case summary for Kirstina is provided in 417 

Table 2. 418 

 419 

 420 

 421 
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Table 2. Summary table for Kristina 422 

Affordances Constraints Outcomes 

Already had one teaching field experience 

before joining the project  

 

Prior experience as a student in classes taught 

by the project leads 

 

Cooperating teacher was considered a 

technological leader in the district 

 

Taught remote instruction alongside her 

cooperating teacher in an empty classroom 

 

Was given freedom to design lesson plans and 

incorporate differentiation and scaffolding 

techniques 

Limited prior experience with 

engineering concepts and skills  

 

Entered the year with little 

belief that she’d teach for a 

career 

 

School opted for online classes 

for the duration of the school 

year  

 

Asynchronous class format led 

to limited opportunities for 

formative assessment and 

student noticing 

Found critical support and guidance 

from her mentor teacher during one-

on-one time 

 

Confidence in STEM content 

knowledge increased throughout the 

project 

 

Discovered an interest in Computer 

Science 

 

Grew a deeper appreciation for best 

pedagogical practices based in research 

 

Appreciated the need to always be 

learning and growing as a teacher 

  Key Outcome 

 

 

The experience reignited Kristina’s 

passion to teach elementary or middle 

school STEM 

 423 

6.2 Jennifer: The Power of Consistency 424 

Jennifer was paired up with Kerri, a veteran 3rd grade teacher with almost 20 years of 425 

teaching experience. When we spoke to Kerri’s administrator about possible participants 426 

in our project the summer before, Kerri was immediately suggested. Kerri has extensive 427 

experience working with PSTs, as well as a keen interest in STEM learning, making her a 428 

perfect fit for a cooperating teacher under which Jennifer could train. Unlike Kristina, the 429 

school at which Jennifer was placed decided to return to full in-person learning in the fall 430 

at the start of her practicum experience. It should be noted that this was the first of two 431 

practicum experiences for Jennifer, and the first practicum experience is often a teacher 432 

education student’s first substantive dive into the work of K-12 education. Jennifer shared 433 

that the 17 students in her class were very successful negotiating COVID-19 constraints 434 

throughout her experience, including masking, washing hands, and social-distancing. 435 

Under normal circumstances, Jennifer’s cooperating teacher encouraged flexible seating. 436 

But Jennifer shared that it took some getting used to for everyone, herself included, to 437 

manage the impact of constraints like social-distancing on teaching such as group work. 438 

Further, Jennifer was faced with a series of extenuating circumstances that constrained 439 

her experience and resulted in her taking the primary lead on science instruction. Most 440 

notably, Kerri, the cooperating teacher, encountered a health issue midway through 441 

Jennifer’s placement, resulting in the need for her step away from the classroom. This left 442 

Jennifer largely in charge of science instruction. 443 

During her time delivering the engineering curriculum while Kerri was still in the 444 

classroom, Jennifer was able to lean into the strong relationship she developed with Kerri. 445 

Like Kristina’s experience with Holly, Jennifer was afforded Kerri’s expert guidance and 446 

mentorship which she reported was critical to her successes during the practicum 447 

experience, most notably her capacity for recognizing the needs of her students. Jennifer 448 

said that Kerri, “understood the needs of our students, and it was really great just talking 449 

with her like one on one, about what those needs are”.  Further, this resulted in learning 450 

opportunities for both herself and her learners. She saw both her own perceptions of 451 

engineering, as well as her students’ perceptions of engineering, make a considerable 452 
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shift. Jennifer shared with us that she witnessed her students’ ideas move from 453 

considering engineering as a physical manifestation of engineering to engineering being 454 

about problem solving. She said she observed, “their view of engineering expand to 455 

problem solvers and not just you know like cars and bridges and cell phones”. She was 456 

also delighted that her students were able to see beyond the agriculture-focus of our 457 

engineering curriculum and apply the concepts addressed into other STEM realms.  458 

From a teacher and learning perspective, Jennifer learned quickly the importance of 459 

having a back-up plan as a teacher in case you suddenly “don't have access to internet or 460 

computer”, and the need for flexibility and the ability to pivot when things do not go as 461 

expected. The experience in Kerri’s class also provided Jennifer a learning opportunity to 462 

understand the critical roles of scaffolding and differentiation in lesson design, two 463 

teaching practices we know often challenge our PSTs. She said she was grateful for the 464 

experience to explore “how can we support the struggling students and how can we 465 

support the advanced students.” Ultimately, like Kristina, Jennifer left the experience with 466 

a deep sense of career affirmation. More specifically, this primary school-focused field 467 

experience afforded her the chance to confirm that she prefers to work with older students 468 

and is excited about her future as a middle school educator. She said “Always thought I’d 469 

teach middle school, and I still think that that's probably right for me.” Most importantly, 470 

she was certain that her love of science and engineering would continue to evolve into a 471 

cornerstone of her identity as an educator. In summing up her experience, she shared 472 

“What I learned about myself, is one I really, I love science and engineering.” Table 3 473 

provides a summary table for Jennifer. 474 

Table 3. Summary table for Jennifer 475 

Affordances Constraints Outcomes 

Pursuing math/science teaching option 

with an interest in STEM  

 

Prior experience as a student in courses 

taught by the project leads 

 

Paired with a veteran 3rd grade teacher 

with STEM experience 

 

School returned to full in-person learning 

 

Rural district presented opportunities to 

connect agriculture sciences with the STEM 

curriculum  

 

Was given freedom to design lesson plans 

and incorporate differentiation and 

scaffolding techniques 

First substantive experience 

within K-12 Education 

 

COVID-19 protocols forced 

masking and social 

distancing within the 

classroom 

 

Stepped in as the primary 

lead on science education in 

response to a medical 

emergency  

 

Limited opportunities to 

seek support from her 

cooperating teacher 

following the medical 

diagnosis 

Found critical support and guidance from her 

mentor teacher early on 

 

Noticed her and her students’ perceptions of 

engineering expand to more authentic 

contexts 

 

Learned to have a back-up plan for when 

technology didn’t function as expected 

 

Recognized the power of consistency to 

positively impact teaching and learning 

 

Recognized the importance of growing from 

mistakes in pursuit of learning  

 

Affirmed her belief that she wants to teach 

middle school science into the future 

  Key Outcome 

  
The experience cemented Jennifer’s love for 

both learning and teaching STEM concepts 

 476 

6.3 Research Question #1: How do preservice teachers navigate unfamiliar contexts when 477 

teaching primary engineering? 478 

Our first research question focused on examining how the PSTs navigated the 479 

unfamiliar contexts with which they were presented. In examining this question, findings 480 

suggest the contextual factors that shaped each participants’ field experience resulted in 481 
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affordances and constrains with which the PSTs had to negotiate. And it was contending 482 

with these affordances and constraints that ultimately provided learning opportunities 483 

through which each of the PSTs grew pedagogically and professionally.  More 484 

specifically, the contextual factors that framed Jennifer and Kristina’s practicum teaching 485 

experience required them to negotiate the affordances and constraints, and this act of 486 

negotiating the affordances and constraints eventually led to learning opportunities for 487 

each PST and their growth as educators. We have purposefully chosen the term 488 

“negotiate” to represent the process by which the PSTs mitigated the constraints as best 489 

as they could, while maximizing their return from the affordances the unfamiliar contexts 490 

brought. And we have operationalized the terms “affordances” and “constraints” from 491 

the literature base on usability and interface design. Affordances are the attributes of the 492 

context and the relationships within it [51] that make things possible, and constraints are 493 

those properties that restrict those possibilities [52,53].  494 

 495 

6.3.1 Affordances 496 

Although Jennifer and Kristina were each completing their practicum experience and 497 

were participants in this study delivering the engineering curriculum, each was presented 498 

with their own set of unique contextual factors that required them to negotiate the 499 

affordances and constraints they encountered. First, Jennifer experienced a number of 500 

affordances that allowed her to maximize her experience in the classroom. Jennifer was 501 

pursuing both the math and science options to accompany her elementary education 502 

degree and license, meaning that math and science were not only of pedagogical interest 503 

to Jennifer, but that she had completed additional courses equipping her with content 504 

knowledge many of her peers did not have. Additionally, her cooperating teacher Kerri 505 

was a veteran teacher with considerable STEM experience and known by her colleagues 506 

as a STEM and technology education expert. Unlike Kristina, Jennifer’s school returned to 507 

full in-person learning at the start of her practicum experience, giving her a practicum 508 

experience much more aligned to the training she had received in the teacher education 509 

program which, prior to the pandemic, focused on preparing teachers to teach in person. 510 

Jennifer also was given considerable latitude to fully design the engineering lesson plans 511 

and integrate pedagogical skills she had been learning about in her coursework like the 512 

role of differentiation and scaffolding. And lastly, the rural context in which Jennifer was 513 

placed presented her with multiple opportunities to connect the engineering curriculum 514 

to the agricultural nature of the local community’s economy and identity. 515 

Like Jennifer, Kristina encountered a series of affordances within the practicum 516 

context that supported her growth. First, she had worked with us during previous 517 

coursework, resulting in a familiarity and comfort with the project leads. Additionally, 518 

this was her second practicum experience, and she was able to leverage the lessons 519 

learned during her first substantive experience in the classroom during her first 520 

practicum. Kristina’s cooperating teacher, Holly, was a National Board Certified Teacher, 521 

and held a master’s degree in educational technology. Consequently, Holly was 522 

considered by her colleagues within the district to be an expert teacher and mentor. 523 

Although the online modality in which Kristina was teaching constrained her experience, 524 

it also meant that she had unlimited access to Holly as a mentor. Kristina took full 525 

advantage of this affordance and used every opportunity to work closely with Holly to 526 

build her professional practice. Lastly, Kristina was given full latitude to adapt the 527 

engineering curriculum, and integrate pedagogical practices explored in her course work 528 

like scaffolding and differentiation.  529 

 530 

6.3.2 Constraints 531 

Despite these affordances each PST experienced, they were presented with a number 532 

of constraints that resulted in unforeseen challenges and hurdles with which they had to 533 

contend. Jennifer was completing her first of two practicum experiences, which meant 534 
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that this was her first in-depth experience in a classroom. Although she had completed 535 

other early field experiences, this was the first where she was fully engaged in legitimate 536 

peripheral participation and ultimately shifting inward from the periphery toward the 537 

role of expert in the classroom [39]. And like Kristina, the pandemic presented further 538 

constraints that Jennifer reported influenced her experiences. She shared that COVID-19 539 

protocols like social-distancing prevented her from experiencing the very successful use 540 

of flexible seating that had become a hallmark of Keri’s teaching and management of the 541 

classroom learning environment (see quote in Table 1 challenges column). Jennifer also 542 

reported that masking made it difficult for her to hear her students, and for her students 543 

to hear her at times. Further, Jennifer described being constrained by technical challenges. 544 

This included complex technical challenges around things like Internet connectivity and 545 

coding of the microcontrollers in the engineering curriculum, to more mundane but 546 

equally burdensome constraints like storage of classroom materials. Jennifer also reported 547 

pedagogical constraints. She felt unprepared for the need to scaffold the lessons due to 548 

their complexity at times, and that managing the classroom learning environment took 549 

considerably more time than anticipated. The most considerable constraint the Jennifer 550 

faced was when Kerri developed a long-term medical issue that required her to miss 551 

consecutive days each week for treatment. This meant that Jennifer ended up with limited 552 

access to Kerri’s mentorship over the course of the semester and practicum experience. 553 

Although Jennifer reported having a very strong university field supervisor, she still 554 

craved the support one could get from an expert mentor like Kerri. 555 

Kristina also experienced a series of constraints that could have limited her 556 

experience. Unlike Jennifer who was previously an engineering major and was pursuing 557 

a science and math teaching option, Kristina had little experience with engineering 558 

education. More specifically, she shared that her limited conceptions of engineering 559 

restrained her initial capacity to introduce the curriculum to the learners. She was able to 560 

quickly overcome these deficiencies, but she was quick to remark on the initial impact it 561 

had on her planning and instruction. Further constraining her experience was her initial 562 

mindset about her career choices at the start of her second practicum experience. At the 563 

time, she foresaw little interest in entering the teaching profession upon graduation. 564 

Jennifer also experienced technical challenges throughout the experience, mostly with the 565 

hardware and coding platform that was central to the engineering curriculum. She also 566 

experienced pedagogical challenges like pacing and a lack of PCK in engineering. This 567 

resulted in a sense of initial low self-efficacy in both engineering and coding, and the 568 

desire for stronger differentiation skills. The teaching modality also presented possible 569 

constraints to Jennifer. As shared, she was suddenly shifted to having an all-online 570 

practicum experience just as the school year started, and she felt her teacher preparation 571 

coursework had left her woefully underprepared to be teaching in a fully remote context. 572 

Eager to apply those skills and concepts she had learned in her coursework, she 573 

immediately became aware that her ability to formatively assess student learning was 574 

considerably hindered. For example, the asynchronous nature of her instruction led to 575 

limited opportunities to witness student thinking, and gauge who had completed work 576 

and who had not. More importantly, she said, “It was hard online because we couldn't be 577 

there and see exactly how they were responding”. This resonates with previous research 578 

about the impact of the COVID-19 pandemic on teachers’ capacity to monitor student 579 

progress [54]. This separation of time and space was particularly challenging when it came 580 

to her use of formative assessment to make the learning more meaningful and relevant to 581 

her students. She said if she were to do it all over again, she “would try to be more in tune 582 

with their personal experience and, you know, asking more questions about how could 583 

this be, you know, how do you see this in your individual life and connecting it to their 584 

personal experience.”  585 

 586 

6.4 Research Question #2: What do preservice teachers indicate they learn throughout their field 587 

experiences? 588 
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Our second question focused more precisely on what the PSTs learned during their 589 

practicum experience teaching engineering. Our findings indicate that it was the 590 

negotiation of the affordances and the constraints that shaped each participants’ field 591 

experience. This negotiation is what led to the learning opportunities each preservice 592 

teacher experienced and ultimately their pedagogical and professional growth.  593 

 594 

6.4.1 Jennifer 595 

For Jennifer, it was the negotiation of these affordances and constraints that resulted 596 

in a series of outcomes that have ultimately shaped her identity as an educator. Prior to 597 

Kerri’s medical leave, Jennifer was able to forge a critical mentor/mentee relationship with 598 

her early in the experience. And despite facing her own considerable challenges, Kerri 599 

continued to provide critical classroom support as best possible during her leave. Jennifer 600 

noted the importance of this support, and now recognizes the role that being part of a 601 

community of practice and access to mentors can play in her professional growth. 602 

Negotiating the unfamiliar engineering content resulted in content knowledge growth for 603 

both Jennifer and her students. She reported that their perceptions of engineering had 604 

clearly expanded to include more authentic contexts. It also meant that she had to build 605 

her PCK in teaching engineering. The negotiation between the affordances and constraints 606 

resulted in pedagogical knowledge growth, too. She shared that she learned the 607 

importance of having a back-up plan when designing instruction to deal with the 608 

unexpected challenges that routinely arise when teaching. And in the end, she was able 609 

to recognize the critical importance of differentiation, scaffolding, and student-centered 610 

learning. She also recognized how important consistency was to her training and her 611 

students’ growth. She shared that, for both herself and her students, the engineering 612 

curriculum the students were experiencing was the most consistent component of their 613 

school year that was upended by COVID-19 and Kerri’s illness. And finally, the 614 

negotiation within the unfamiliar context results in professional growth too. She 615 

demonstrated a newly discovered sense of growing from one’s mistakes in the classroom. 616 

When discussing a challenging lesson Jennifer felt did not go as planned, she shared, “This 617 

portion of the lesson may have been rushed because I didn't explicitly think about how I 618 

was going to connect it (what questions I would ask students, how I would have the 619 

students discuss this, etc).” Not only was she able to critically reflect on what she could 620 

have done better, but also recognize adverse impacts of the rushed lesson on students’ 621 

learning. She said, “A consequence of this is that students weren’t able to fully connect 622 

their own personal experiences to the lesson.” Given a focus of the engineering curriculum 623 

was on building personal connections between engineering and students’ identity, this 624 

was a particularly insightful remark. Jennifer also reported that the experience teaching 625 

3rd grade affirmed her belief that she would prefer to teach middle school, and not 3rd 626 

grade, and that her choice to focus on STEM instruction with the science and math options, 627 

was the correct one. Finally, the experience negotiating the affordances and constraints in 628 

the unfamiliar context seemed to cement her love for teaching and learning, and more 629 

importantly, teaching and learning STEM. She was so moved by the experience, she 630 

continued to remain involved with her practicum classroom delivering the engineering 631 

curriculum well after her teacher preparation coursework requirements had ended, 632 

suggesting the meaningful impact of the relationships she had built with the learners and 633 

the deep connection with the content that had developed. At the same time, the 634 

negotiation also led her to be very transparent about her recognition of the role that 635 

lifelong learning will play in her professional development, suggesting, “I have a lot more 636 

to learn”. 637 

 638 

6.4.2 Kristina 639 

Negotiating with these affordances and constraints resulted in a series of outcomes 640 

that presented learning opportunities for Kristina. First, because of the pandemic 641 
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constraints and shift to online learning, Kristina was given the unique opportunity to 642 

spend unrestrained one-on-one time with Holly in a mentor/mentee arrangement that few 643 

PSTs ever get to experience. This also meant she was able to routinely discuss research- 644 

based best practice pedagogy with Holly, and a greater appreciation for rooting her 645 

practice in research emerged. Because of this close mentoring relationships, Kristina was 646 

able to experience components of good teaching like differentiation, scaffolding, and 647 

student-centered learning. For example, one of her students was a member of Jehovah’s 648 

Witnesses. Because of this, Jennifer and Holly worked to differentiate to accommodate 649 

that student’s political views and understandings of science. She said, “I'm going to see 650 

stuff like that as a teacher based on religion or, you know, beliefs of the family. Political 651 

views, I mean science really gets into a lot of that” and recognition that in her future 652 

practice, she will have to, “adapt a lot of different things based off of that.” When asked 653 

specifically about differentiation, she shared that she came to the realization that 654 

differentiation is critical because it means that everyone is, “…Moving to the same goal 655 

but the students are at different parts of the same goal.” The negotiation of the context 656 

also provided the unique opportunity to co-learn with her students. This gave her a 657 

chance to model lifelong learning and critical dispositions like being comfortable with 658 

safe-to-fail learning contexts. Further, although initially constrained by her lack of 659 

experience with engineering, Kristina’s passion and confidence in STEM, and engineering 660 

in particular, gradually increased over the course of the practicum experience. In terms of 661 

her growth in confidence, Kristina shared, "You really don't need to know everything 662 

about engineering to teach engineering. My confidence with teaching engineering I think 663 

was the biggest thing that had changed because as a teacher you just it's impossible to 664 

know all you need to know.” While negotiating the affordances presented by the 665 

autonomy she was given to adapt the engineering curriculum and the constraints 666 

presented by her inexperience with engineering, she was able to kindle a new interest in 667 

both computer science and coding, as well as teaching about energy. Combined, these 668 

negotiations resulted in a career affirming event and re-ignition of a seemingly lost 669 

interest in teaching either elementary or middle school STEM education. Because of the 670 

experience, Kristina was again thrilled about her future career as a STEM educator. And 671 

like Jennifer, she was left with a promising sense of the importance of being a lifelong 672 

learner as an educator, saying, “I have a lot to learn”. 673 

7. Discussion 674 

The purpose of this study was to investigate how PSTs respond to and negotiate 675 

unfamiliar content and unexpected circumstances when teaching engineering. Data 676 

analysis indicates the PSTs seemingly adopted unique tactics to delivering the 677 

engineering intervention, resulting in diverse approaches to implementing professional 678 

development activities and engineering curriculum into their classroom practice.  679 

Two primary themes emerged from this study. First, field experience contextual 680 

factors both afford and constrain learning opportunities for PSTs. More specifically, the 681 

contextual factors each PST faced shaped their field experience and resulted in affordances 682 

and constrains with which the PSTs had to contend. It is important to note that both 683 

affordances and constraints were found in the influencing contextual factors. In other 684 

words, there were contextual attributes that constrained, or limited, the PSTs’ experience 685 

and growth such as the social distancing requirements due to the pandemic, the PSTs’ 686 

lack of engineering PCK, or the PSTs’ experience with differentiation. At the same time, 687 

there were contextual affordances that made learning possible such as the mentorship the 688 

PSTs received, prior experience with STEM teaching and learning, and autonomy when 689 

implementing the engineering education curriculum. Secondly, it is the negotiation of 690 

these affordances and the constraints that result in PSTs’ pedagogical and professional 691 

growth. Contending with the affordances and constraints each preservice teacher faced is 692 

what ultimately resulted in the learning opportunities that led to their growth. The PSTs 693 

needed to mitigate the limiting factors of the constraints and take full advantage of the 694 
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affordances with which they were presented. For example, Kristina had limited 695 

experience teaching engineering, but was given considerable autonomy to adapt the 696 

engineering curriculum to emphasize energy instruction, something with which she was 697 

much more comfortable. This negotiation gave her the space to ultimately build her 698 

engineering pedagogical knowledge and engineering teaching self-efficacy. 699 

This study is important because it provides critical insight into the experiences of two 700 

PSTs who had to negotiate unfamiliar content and unexpected circumstances while 701 

teaching engineering. From this, we have taken two primary implications from our 702 

findings. First, findings can be used to help teacher educators better structure how to more 703 

effectively prepare PSTs to encounter unforeseen circumstances during their clinical 704 

experiences. For example, teacher educators could help PSTs categorize contextual factors 705 

into affordances and constraints and facilitate the process of negotiating those factors. 706 

Further, teacher educators need to help PSTs realize that dealing with affordances and 707 

constraints, and the negotiation process, is active and ongoing. That process is what leads 708 

to professional and pedagogical growth. Teacher educators must keep in mind that PSTs 709 

are novices, and as a result, they are not going to know that they have to tackle those 710 

affordances and constraints and learn how to negotiate them. We consider the PSTs in this 711 

study as exceptional teacher candidates who were largely able to tackle this process on 712 

their own. But we also realize that not all PSTs will have the capacity for this negotiation 713 

process. Consequently, teacher educators could better frame analysis of and reflection on 714 

those affordances and constraints and how best to negotiate them to arrive at the most 715 

effective clinical experience. To do this, teacher educators could help PSTs identify 716 

affordances and constraints, and then strategize with them to support negotiation, 717 

resulting in pedagogical and professional growth. 718 

Secondly, findings from this study can be used to better understand how best to 719 

prepare engineering-efficacious preservice teachers. With previous research suggesting 720 

over 600,000 engineering job openings by the 2024 in just the United States [2], it could be 721 

argued that primary and secondary education needs to revisit how best to expose students 722 

to engineering. Thus, more exposure to engineering for primary and secondary students 723 

could lead to better building their interest in engineering [55]and preparing them to 724 

become engaged with and seek engineering careers. However, developing primary and 725 

secondary students’ engineering literacy and interest in engineering careers will require 726 

engineering literate teachers. Yet primary PSTs often lack both engineering content 727 

knowledge and experience teaching it [18,19]. Providing opportunities to experience 728 

engineering education in the authentic space of a field experience might be one way to 729 

build PSTs’ engineering PCK [25] and build their engineering teaching self-efficacy 730 

[32,34].  Clinical experiences that have an emphasis on engineering education could 731 

provide PSTs the critical opportunity needed to better teach engineering and build 732 

engineering PCK [9]. Further, clinical experiences where PSTs can engage in engineering 733 

education might serve as a space for them to develop their teacher and science teacher 734 

identities, resulting in a stronger personal connections to engineering and engineering 735 

self-efficacy [12]. In turn, this increased engineering self-efficacy might mean the PST 736 

develops into an educator more successful in the classroom [30] ready to appropriately 737 

teach engineering and build engineering interest and capacity, especially in primary 738 

learning contexts. This emphasis on primary contexts is in direct response to international 739 

calls to action for focus on engineering professional development for primary teachers 740 

[56-58]. 741 

8. Conclusion 742 

Findings from this study indicate PSTs face contextual factors that both afford and 743 

constrain learning opportunities. This theme is important because it recognizes that even 744 

the constraints faced during a field experience can be navigated by the PST to arrive at a 745 

learning opportunity. In many ways, it would be hard to challenge that those contextual 746 

affordances, or the factors in a field experience that make things possible, would do 747 
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anything but result in growth for the preservice teacher. But what about the constraints, 748 

or those factors that seemingly limit the experience for the preservice teacher? Our study 749 

shows that the challenges presented in field experiences when teaching engineering can 750 

also give rise to professional and pedagogical growth. The PSTs found ways to mitigate 751 

those constraints and leverage them toward their own growth by working within and 752 

around the limitations and affordances. This study has provided insight into this process 753 

of negotiation. Better understanding what contextual factors might be considered 754 

affordances and which ones might be considered constraints can illuminate how to 755 

streamline clinical experiences and facilitate the construction of PSTs’ beliefs about 756 

teaching and their capacity for effective teaching [8]. Ultimately, findings from this study 757 

could be used by teacher educators to construct examples on how best to prepare teachers 758 

to respond to and negotiate unfamiliar content and unexpected circumstances when 759 

teaching engineering, especially in primary contexts.  760 
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