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Abstract: This paper presents a case study of an elementary teacher, Holly, who participated in a 8 

federally funded summer professional development (PD) program aimed at integrating commu- 9 

nity-based engineering into elementary education. The study examines how Holly's teaching prac- 10 

tices and beliefs about teaching engineering contributed to the significant increase in her students' 11 

attitudes toward engineering and their perceptions of engineering as a potential career. Data was 12 

collected over three years through multiple methods including post-PD interviews, lesson record- 13 

ings, and a post-teaching interview. We analyzed classroom videos using a video analysis protocol. 14 

We used open coding to analyze the interviews. Once the analysis of interviews and videos were 15 

completed, we engaged in a sense-making process to identify connections across data points (videos 16 

and interviews). Findings showed that Holly extensively incorporated scientific inquiry into her 17 

lessons. This approach enabled students to develop their inquiry skills and facilitated a smooth 18 

transition to engineering design activities. By connecting class activities to the local context, students 19 

were able to see the relevance of engineering to their everyday lives and take ownership of their 20 

learning. This study demonstrates the potential of community-focused engineering to foster mean- 21 

ingful science and engineering practices in elementary education. 22 
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neering identity 24 

 25 

1. Introduction 26 

The literature extensively emphasizes the benefits of introducing engineering educa- 27 

tion to elementary classrooms [12, 23]. Significant efforts have been made within the past 28 

20 years to widen access to engineering education in primary schools [3, 11]. However, 29 

engineering is still perceived as detached from students’ personal lives [22], leading to a 30 

lack of student interest in engineering or misconceptions about the role of engineering in 31 

society. One approach to overcome this issue is to introduce community-based engineer- 32 

ing in elementary classrooms and offer students multiple opportunities to increase their 33 

understanding of the real-world implications of engineering and its relevance within local 34 

contexts. In this paper, we address how elementary teachers can implement such an ap- 35 

proach in their classrooms. In doing so, we present a case study of an elementary teacher, 36 

Holly, who participated in a federally funded summer professional development (PD) 37 

program aimed at integrating community-based engineering into elementary education. 38 

After Holly taught community-based engineering lessons that she developed for her 4th 39 

grade classroom, survey results showed a significant increase in her students’ pre and 40 

post scores of attitudes toward engineering and their conceptions of engineering as po- 41 

tential career aspirations. These findings were reported in a prior publication [18]. In this 42 

paper, we elaborate on how Holly’s beliefs and practices made the difference in her 43 
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students’ attitudes and identities. Specifically, we target the following research questions 44 

in this paper: 45 

RQ1: What meaningful practices occur in the implementation of engineering and commu- 46 

nity-based engineering lessons in an elementary teacher’s classroom?  47 

RQ2: What are an elementary teacher’s beliefs about teaching/integrating community- 48 

based engineering lessons? 49 

2. Theoretical Framework 50 

2.1. Engineering Education in Elementary Schools 51 

The world is increasingly technologically driven, requiring that its citizens are tech- 52 

nologically literate in order to make well-informed choices in their role as consumers [28]. 53 

To meet these demands, industrialized nations such as Australia, the UK, and the USA 54 

have instituted national reform efforts aimed at enhancing engineering education in pri- 55 

mary schools [30, 32, 29]. In the USA, where the present study takes place, 88% of states 56 

have adopted or adapted standards influenced by the Framework for K-12 Science Edu- 57 

cation document and require engineering be taught in primary grades [8]. Further, the 58 

Framework for P-12 Engineering Learning states that there are three dimensions that 59 

should guide the implementation of authentic engineering in schools: Engineering Habits 60 

of Mind, Engineering Practices, and Engineering Knowledge [1]. Further, these docu- 61 

ments emphasize the importance of all students, regardless of demographic factors, hav- 62 

ing the opportunity to engage with the three dimensions of engineering learning so that 63 

they can grow into engineering and technologically literate individuals.          64 

While it has been ten years since the National Research Council (NRC) called for the 65 

inclusion of engineering in elementary classrooms in the USA, adoption has been slow. 66 

Most teacher preparation programs do not include engineering in their coursework, leav- 67 

ing the majority of US primary teachers underprepared to teach engineering to their stu- 68 

dents [2]. Further, many states have mandates in place requiring teachers to focus the ma- 69 

jority of instructional time on tested subject matter such as math and reading, leaving little 70 

time for engineering instruction [10]. Despite these barriers to implementation, numerous 71 

studies highlight the benefits of primary students engaging in engineering learning, in- 72 

cluding high levels of student engagement [23], improved understanding of engineering, 73 

technology, and science [12, 40], and enhanced communication skills [3]. As such, con- 74 

certed efforts have been made over the past two decades to support the implementation 75 

of engineering in primary classrooms [35]. 76 

2.2. Community-based Engineering Education 77 

Engineering is a social process that takes place within communities and can impact 78 

those communities in both positive and negative ways, yet many students view engineer- 79 

ing as disconnected from their personal lives [22, 38]. Holding misconceptions about or 80 

perceived mismatches between engineering and one’s self or community could inhibit 81 

interest in engineering and continue to limit who engages in engineering. To counteract 82 

this, teachers need to identify ways to connect “to their students’ communi ties for exam- 83 

ples of projects and applications of engineering learning that can intentionally teach de- 84 

sired engineering concepts” [1].  In doing so, teachers can utilize community-based engi- 85 

neering as a way to promote equity, connecting school-based engineering learning to local 86 

knowledge, culture, and community.  87 

The Engineering for Sustainable Communities (EfSC) Framework developed by Tan 88 

and colleagues [37] is one approach to implementing community-based engineering into 89 

educational interventions. The framework requires students and teachers to consider 90 

“how problems and solutions are defined, adapted, and optimized in response to com- 91 

munity needs” [37]. They do this by upholding the four principles of EfSC: (1) use com- 92 

munity ideas in engineering, (2) help the community solve their problems in engineering, 93 

(3) care about the environment, and (4) design solutions for now and in the future [37]. 94 
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Similarly, Chiu et al. [9] encourage teachers to draw upon student and community re- 95 

sources to co-design or adapt curricular materials that allow students to define problems 96 

that are relevant to their communities, seek input from community stakeholders, and pre- 97 

sent their design solutions to community members who might be affected by those de- 98 

signs. Scholars have reported the benefits of such efforts on student self-efficacy [24], stu- 99 

dents connecting personal lived experiences to classroom engineering activities [5], and 100 

social-spatial shifts that resulted in “youth engineered authentic projects that mattered to 101 

them and their communities” [5]. 102 

3. Methods 103 

This study reports on a federally funded project focused on connecting local 104 

knowledge and contexts to engineering activities taught in primary classrooms. The pro- 105 

ject included a multi-year summer professional development (PD) program and academic 106 

year support for primary grade teachers in a predominately rural state in the northwest 107 

region of the US. In this paper, we purposefully focused on the case of one participant 108 

teacher, Holly (all names are pseudonyms). Our rationale was to understand how Holly 109 

integrated engineering and community-based engineering into her teaching. The reason 110 

we chose to focus on Holly was that we found a significant increase in her students’ pre 111 

and post scores of attitudes toward engineering and their conceptions of engineering as 112 

potential career aspirations. These findings were reported in a prior publication [18]. In 113 

this paper, we are elaborating on Holly’s beliefs and practices which made a difference on 114 

her students’ attitudes toward engineering and seeing it as a potential profession. 115 

3.1. Participant 116 

Holly is a 4th grade (ages 9-10) homeroom teacher with 14 years of classroom teach- 117 

ing experience. She has a master's degree in education technology. She is responsible for 118 

covering all of the fourth grade state level standards in the content areas of mathematics, 119 

English language arts, social studies, and science. While she has some experience with 120 

technology enhanced engineering activities and has previously used robotics kits such as 121 

Lego WeDo in her teaching, she chose to participate in the program because she felt that 122 

science and engineering were the areas where she struggled the most in her teaching. Fur- 123 

ther, it should be noted that Holly’s school has been transitioning to standards -based 124 

grading over the past few years. 125 

3.2. Description of PD 126 

The PD program was hybrid and consisted of two phases. The first phase was imple- 127 

mented in the summer of 2020 and aimed to equip participants with skills in ethnographic 128 

methods [15], such as photo journal elicitation. The intent of this first phase of the PD was 129 

to provide teachers the data collection and analysis skills coupled with learner documen- 130 

tation techniques like photo journal elicitation and apply those new skills to their class- 131 

room instruction. This approach was designed to accomplish two purposes. First, none of 132 

the teachers in the program live in the community where they teach, so the training in 133 

ethnographic methods allowed them to gain a better understanding of the communities 134 

where their schools were located. Second, with a better understanding of the local school 135 

community, teachers were able to connect local knowledge to classroom instruction, al- 136 

lowing students to learn more deeply about their communities. The first phase also intro- 137 

duced teachers to engineering design-based teaching in addition to different ways to in- 138 

tegrate educational technology and engineering into science teaching. The second phase 139 

was held in the summer of 2021 and focused on building upon the first session by sup- 140 

porting teachers in developing community-focused engineering curricula. During this 141 

phase, teachers worked with project team members to identify local opportunities around 142 

which to center classroom engineering activities and developed a plan for implementing 143 
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the community-based engineering lessons in their classrooms throughout the 2021-2022 144 

academic year (for additional details see [19, 21]). 145 

3.3. Data Sources 146 

For this multiple methods study, we collected data from multiple sources spanning 147 

over three years. For this paper, we analyzed Holly's data that included post-PD inter- 148 

views, lesson recordings, and a post-teaching interview. At the end of each PD phase, 149 

Holly discussed her experience and learning outcomes as well as her future plans for 150 

teaching engineering in her classroom. We videorecorded her lessons to explore her im- 151 

plementation of engineering in the classroom (Tables 1 and 2). In total, we recorded twelve 152 

lessons totaling almost seven hours of instruction. Several of the lessons, like “Weather- 153 

ing, Erosion, and Deposition” and “Flooding and Community-based Engineering” took 154 

place over several days. Table 1 outlines how much instructional time was devoted to each 155 

lesson. After the lessons were recorded and analyzed, Holly participated in another inter- 156 

view (post-teaching interview) in which we asked her about her perspectives on the anal- 157 

ysis we reached from the videos of her lessons and her views of teaching community- 158 

based engineering lessons. 159 

Table 1. Video recordings of the lessons 160 

Lesson Duration Content 

Lesson 1 0:27:13 Volcanoes 

Lesson 2 0:45:33 Volcano and Fossils 

Lesson 3 0:28:41 Weathering, Erosion, Deposition 

Lesson 4 0:27:56 Weathering, Erosion, Deposition 

Lesson 5 0:29:00 Weathering, Erosion, Deposition 

Lesson 6 0:27:20 Weathering, Erosion, Deposition 

Lesson 7 0:43:34 Fossils 

Lesson 8 0:29:00 Flooding and Community-based Engineering  

Lesson 9 0:23:33 Flooding and Community-based Engineering  

Lesson 10 0:48:20 Flooding and Community-based Engineering  

Lesson 11 0:44:52 Flooding and Community-based Engineering  

Lesson 12 0:29:00 Flooding and Community-based Engineering  

Table 2. Lesson descriptions 161 

Lesson Description 

Lesson 1 Holly, the teacher, started Lesson 1 by discussing the discovery of 

eleven-million-year-old rhino fossils in [State]. Holly posed the 

question, Why did it take so long for scientists to find them? This 

question led to the discussion of volcanoes. Students explored the 

various characteristics, such as the type of lava and color of rocks, 

that distinguish the two types of volcanoes.  

Then, students conducted an experiment called Bubble Trouble, 

which is available at https://mysteryscience.com/rocks/mystery-

2/volcanoes-rock-cycle/55#slide-id-889, to learn about the connec-

tion between thin and thick lava and why some volcanoes erupt 

gently while others explode. 

Lesson 2 Students engaged in a group discussion to determine which type 

of lava would be more likely to cause a volcano to explode. Holly 

explained the connection between the types of lava, rock colors, 

and the cause of volcanic eruptions, linking it to the discovery of 

the eleven-million-year-old rhino fossils. 
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Lesson 3 Holly encouraged students to think about the cracks in rocks 

around their environment. They discussed the concept of root 

wedging and its effects on mountains and rocks over time. Stu-

dents were also introduced to a story about a pyramid found un-

der a tree (available at https://mysteryscience.com/rocks/mystery-

3/weathering-erosion/57). 

Lesson 4 Students conducted an experiment with sugar cubes to explore 

the process of erosion. They shook the sugar cubes in a container 

and predicted the outcome after 200 shakes. Students then con-

nected their observations to what happens to rocks as they tumble 

down a mountain. 

Lesson 5 Holly showed a picture of fossil layers and asked students to 

think about how the fossils ended up buried beneath layers of 

sand, rounded rocks, and volcanic ash. Students were given a text 

to read, which contained information about erosion (weathering, 

erosion, and deposition). They were asked to collect evidence 

from the text to help answer the question and discuss their find-

ings with a partner. 

Lesson 6 Students were encouraged to share their responses with their 

partners, drawing upon the reading text and evidence to explain 

their claims. They were prompted to use the phrase, "the evidence 

that helps me explain how the rounded rocks and sand landed on 

the fossils is..." Their partners were then encouraged to listen and 

respond with either, "that is similar to my idea that..." or "my idea 

is different because..." 

Lesson 7 Students had previously mapped out volcanoes on their maps. 

Now, they were asked to add mountain ranges and a river to 

their maps. Holly then revisited the mystery question from the 

beginning of the lesson series, asking how the sand and rounded 

rocks formed a layer over the volcanic ashes and why it took so 

long for scientists to find the fossils. Students used their maps and 

evidence from experiments and texts to make predictions, dis-

cussing how ice and water (flooding) can contribute to the for-

mation of rocks and sand. 

Lesson 8 Holly showed a video of flooding occurring in a town near the 

school and prompted students to think about the causes and ef-

fects of flooding on people. Students were also encouraged to 

consider how scientists and engineers help limit the negative im-

pacts of flooding on communities. 

Lesson 9 Holly asked students to work on a cause and effect chart about 

floods based on a text Holly assigned. Holly stressed the im-

portance of understanding the term floodplain.  

Lesson 10 Students explored floodplain dynamics and flood mitigation 

strategies. Students placed houses in the floodplain and recorded 

the water flow during a simulated flood. Students then individu-

ally designed plans to prevent flood damage, before collaborating 

in groups as if they were engineering teams. Holly facilitated a 

group discussion to encourage possible redesigns based on cost, 

feasibility, and environmental impact. 
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Lesson 11 Holly asked students to create an individual plan. They were 

asked to design a plan to prevent flood damage based on their ex-

periences with the model in the previous lesson.  

The teacher emphasized the importance of drawing and labeling 

their ideas, identifying the safest place for houses, and writing 

about their plan. 

Lesson 12 Holly encouraged students to create their group plans, emphasiz-

ing safety and minimal environmental impact of flooding as mod-

eled in the previous lesson. The students discussed floodplain 

maps, the role of floods in ecosystems, and potential solutions 

like retention ponds. They considered costs and environmental 

impacts while striving for balance between safety and preserving 

the environment. The students then provided feedback on each 

other's plans using sticky notes, focusing on creating environmen-

tally conscious designs that ensure safety in the event of floods. 

3.4. Data Analysis 162 

We used multiple methods to analyze the data (see Table 3 below). To address the 163 

first research question about the meaningful practices that occurred during the implemen- 164 

tation of the community-based engineering lessons, we analyzed all the classroom videos  165 

and Holly’s post-teaching interview. To do so, we developed a video analysis protocol 166 

(see Table 4) using two observation protocols: Capobianco and Radloff's  Engineering De- 167 

sign-based Science Teaching Observation Protocol (EDSTOP) [7] and Sawada et al.'s Re- 168 

formed Teaching Observation Protocol (RTOP) [34] (see Table 4). We adapted the proto- 169 

cols based on the research questions addressed in this paper and the specific needs and 170 

goals of the project. We used RTOP to investigate the meaningful practices Holly demon- 171 

strated in her teaching, and we used EDSTOP to investigate Holly's teaching of engineer- 172 

ing in her science classroom. To more closely examine Holly's use of community-based 173 

engineering in her lessons, we added codes to the protocol that focused on connecting 174 

engineering to local context, such as REAL-ENG (The teacher makes connections to the 175 

engineering in the local context) or CNTX1 (modification of EDSTOP’s CNTX code to in- 176 

clude direct connection to local community or culture) (see Table 4). The first author rated 177 

each lesson (as listed in Table 1) following the protocol and prepared detailed data sheets 178 

to evaluate the presence of the codes in the protocol (see Table 4 below). To ensure relia- 179 

bility, the second author coded 10% of the videos as recommended by Campbell et al. [6], 180 

and the inter-coder agreement was found to be 100%. To increase the reliability of the 181 

study, Holly was also included in the data analysis, and her perspectives were obtained 182 

through a 30-minute interview (post-teaching interview). To address the second research 183 

question which focused on the teachers’ beliefs about teaching engineering lessons, we 184 

used open coding to analyze the interview data (2020 Post-PD interview, 2021 Post-PD 185 

interview, and post-teaching interview) [33]. This process identified four themes that il- 186 

lustrated Holly's beliefs about engineering and community-based engineering lessons in 187 

elementary schools.  188 

Table 3. Data sources for each research question 189 

Research Questions Data Sources Data Analysis 

What are an elementary teacher's be-

liefs about teaching/integrating engi-

neering-focused lessons? 

Summer PD interviews/de-

briefs (Post-PD) 

Post-teaching interview 

Open coding 

What meaningful practices occur in 

the implementation of community-

Lesson recordings 

Post-teaching interview 

Observation protocol 

Open coding 

Connecting 
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based engineering lessons in their 

classroom? 

Table 4. Observation protocol 190 

Code Description 

PK The instructional strategies and activities respect students’ 

prior knowledge. (Source: RTOP, 2012) 

FoK The instructional strategies and activities respect students’ 

funds of knowledge. 

STEX In this lesson, student exploration proceeds formal presen-

tation. (Source: RTOP, 2012) 

MoI The teacher encourages students to seek and value alterna-

tive modes of investigation or problem solving. (Source: 

RTOP, 2012) 

PRDCT Students make predictions, estimations and/or hypotheses 

and devised means for testing them. (Source: RTOP, 2012) 

QS The teachers’ questions trigger divergent modes of think-

ing. (Source: RTOP, 2012) 

REPR Students use a variety of means (models, drawings, graphs, 

concrete materials, manipulatives, etc.) to represent phe-

nomena. (Source: RTOP, 2012) 

SBJ The teacher had a solid grasp of the subject matter inherent 

in the lesson. (Source: RTOP, 2012) 

INTGR Connections with other content disciplines and real world 

examples. (Source: adapted from RTOP, 2012) 

REAL-ENG The teacher makes connections with engineering in the lo-

cal context.  

RSPCT There is a climate of respect for what others have to say. 

(Source: RTOP, 2012) 

PTNT In general, the teacher is patient with students. 

CONTX The teacher provides the context of the problem by provid-

ing a design brief or presenting the scenario from which 

students will work on the task. (Source: EDSTOP, 2018) 

CONTX1 Teacher provides the context of the problem by providing a 

locally and/or culturally relevant design brief or presenting 

the locally and/or culturally relevant scenario from which 

students will work on the task. 

PROB DEF Students define the problem. (Source: EDSTOP, 2018) 

PROB DEF1 Students define the locally and/or culturally relevant prob-

lem. 

BRAIN Students brainstorm ideas or possible solutions, individu-

ally and in a team (Source: EDSTOP, 2018) 

BRAIN1 Students brainstorm ideas or possible solutions referring to 

their local and/or cultural context, individually and in a 

team 

ASK Students ask questions to clarify the problem, use of materi-

als, and/or challenge an existing solution. (Source: EDSTOP, 

2018) 

ASK1 Students ask questions to clarify the problem, use of materi-

als, or challenge existing solutions referring to their local 

and/or cultural context.  
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PLAN Students develop individual and team plans (Source: ED-

STOP, 2018) 

NEG Students negotiate their ideas and finalize a unified plan 

(Source: EDSTOP, 2018) 

CONST Students carry out the development or construction of their 

prototypes (artifacts) or process (Source: EDSTOP, 2018) 

TEST Students test the artifact (Source: EDSTOP, 2018) 

ANZ Students analyze and interpret results from testing (Source: 

EDSTOP, 2018) 

COM Students evaluate and communicate results to another team 

and/or whole class (Source: EDSTOP, 2018) 

IMP Students identify one or more features to improve upon 

REDES Students redesign 

Once the analysis of interviews and videos were completed, we engaged in a sense- 191 

making process to identify connections across data points (videos and interviews). The 192 

objective of the connecting process is to maintain the context and examine the relationships 193 

in the data by establishing connections between themes and elements found across differ- 194 

ent data sources. Therefore, the goal of employing connecting strategies is to approach 195 

data holistically rather than in fragmented categories [26]. Below we present the themes 196 

derived from interviews and videos for each research question. 197 

4. Findings 198 

4.1. What meaningful practices occur in the implementation of engineering and community -based  199 

engineering lessons in an elementary teacher’s classroom? 200 

4.1.1. Connecting scientific inquiry with engineering design 201 

Holly extensively incorporated scientific inquiry into her lessons. This approach en- 202 

abled students to develop their inquiry skills and facilitated a smooth transition to engi- 203 

neering design activities starting from Lesson 8. Furthermore, it helped students recognize 204 

the relationship between science and engineering and encouraged them to see these fields 205 

as interrelated disciplines: 206 

They [engineering and science] kind of blend well together. And that's what I was 207 

trying to do. I was trying not to keep engineering so separate from science, because 208 

I felt like, that's kind of how I've taught it in the past, like, oh, here's all the science 209 

standards I have to teach, [and] will do engineering when I get done with those. And 210 

it's like, a fun add on project, as opposed to like embedding it throughout. But yeah, 211 

I think, you know, kind of teaching them to, like, ask questions and be curious and 212 

go through those, you know, science inquiry lessons can lead into what you do as an 213 

engineer (post-teaching interview). 214 
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 215 

Figure 1. Scatterplot scoring the presence of codes for each lesson 216 

As seen in Figure 1 above and in Excerpt 1 below, Holly effectively fostered the de- 217 

velopment of students’ inquiry skills by emphasizing student exploration (STEX), respect- 218 

ing students' prior knowledge (PK), and encouraging predictions (PRDCT). Additionally, 219 

she utilized questions to trigger diverse modes of students’ thinking (QS). These strategies  220 

were consistently applied across all observed lessons. 221 

Excerpt 1. Holly’s use of STEX, PK, PRDCT, and QS 222 

Codes Screenshot Description and Transcription 

STEX 

 

In the beginning of Lesson 8, Holly 

shows a local newspaper article and 

plays a video about flooding in a river 

close to the town where the school is lo-

cated. She says, “So this is a video. This 

actually just happens like last week at 

the [Name] River. This is the headline of 

this article [which] says the [Name] 

River Ice Jam causes flooding near 

[Town]. So, this is on the [Name] River, 

really close to us… I want you to go 

ahead and talk about what do you think 

is happening in that picture? So go 

ahead and talk with your table partners. 

What do you think or in the video what 

did you notice or what do you think is 

going on?” (Lesson 8, 00:01:49-00:02:45) 
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PK 

 

Holly fosters their prior knowledge 

about how the effects of natural hazards 

are limited: “How do engineers and peo-

ple limit the effects of natural hazards 

like flooding? So, you're going to write 

the question and write any initial 

thoughts you have right now. Remem-

ber, scientists change their thinking.” 

(Lesson 8, 00:15:59) 

PRDCT 

 

Holly asks students to write their predic-

tions to the third question on the work-

sheet and asks, “you'll make a prediction 

for Question Three about how you think 

the fossils were eventually found.” (Les-

son 7, 00:09:58) 

QS 

 

Holly and students discuss erosion. 

Holly asks students to think about what 

happened to the pyramid in the pictures 

on the left. 

She believed that focusing on inquiry and exploration was important for her students  223 

to be ready for engineering activities as such an approach encourages shift of mindset 224 

from traditional grading systems to standards-based instruction. Further, this approach 225 

offers students reassessment opportunities and moments to learn from their errors and 226 

focus on growth: 227 

From day one, the expectations in this classroom are it's okay to make a mistake, it's 228 

okay to fail. Like, we talk about our mistakes, we celebrate mistakes, like when stu- 229 

dents, you know, make a mistake. And I'll ask them, like, are you okay with me shar- 230 

ing this mistake? It's a wonderful mistake, we can learn from it, like I talked it 231 

up...And so I think that that whole kind of like classroom culture lends itself into the 232 

kind of work that they can do with engineering because, I mean, one of the things 233 

that I noticed year to year is that even at fourth grade, they're so afraid to fail, like 234 

they're afraid to get something wrong...we talk a lot about that how, like, with scien- 235 

tists and engineers that they fail, or that they have a question, and they think that 236 

they have a certain answer, but then they do the experiment where they do the work 237 

or whatever. And they find out that they were wrong. And so then, they revise their 238 

thinking (post-teaching interview). 239 

She frequently emphasized a safe-to-fail approach in her lessons and encourage her 240 

students to change their thinking and revisit their responses. For example, in Lesson 5, 241 

Holly said, "So here's your initial question that I want you to answer in your notebook. 242 

You may or may not feel like you have all the answers. That is OK. Remember scientists 243 

revisited the question, and they changed their thinking as they learn more information 244 

and they gathered new evidence. That's what we're doing today.”  245 

4.1.2. Building Background Knowledge 246 

Holly emphasized the importance of building students' background knowledge and 247 

content understanding before introducing engineering design activities: 248 

At this age, just to have the background of like, you know, the different problems 249 

that they [students] looked at and examined. And that's kind of how I did all of the 250 
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units, like whatever science unit I was teaching. I tried to have some kind of engi- 251 

neering design activity that related to the science, but it was usually after we had 252 

done kind of like the lessons to build the background knowledge and content first.   253 

We observed in the videos that Holly provided a structured learning environment 254 

and scaffolding for students to build their knowledge and confidence: 255 

… it's really important at this age, because I think it [lesson] has to be open ended 256 

enough where they [students], they are the ones doing the discovery, and they're the 257 

ones working through it. But you know, I think if you leave it too wide open and 258 

don't have the support in place, then I think that they flounder too much. I guess it's 259 

more of like, if you can scaffold and kind of guide them through where it's like, I'm 260 

not giving you the answers. But like, here's the things that we're going to investigate 261 

and look at. It gives them the opportunity to have like, more productive struggle, 262 

rather than just sitting there not knowing where to start or what to. 263 

To build students’ background and content knowledge, Holly frequently used a va- 264 

riety of means (models, drawings, concrete materials, etc.) and asked students to represent 265 

phenomena (RPRS in Figure 1).  For example, in Lesson 3, students drew the picture of 266 

root wedging and took notes to understand what root wedging is (see Figure 2). 267 

 268 

Figure 2. Examples to the means of representation 269 

Furthermore, Holly integrated literacy into her lessons to further develop her stu- 270 

dents’ understanding and content knowledge of the phenomena (INTGR in Figure 1). For 271 

example, in Lesson 5, Holly gave a text to students and asked them to read the text, dig 272 

into the text a little bit deeper, and look for evidence to help them with the question, “how 273 

did the rounded rocks and sand land on the fossils?” In Lesson 12, Holly directed students 274 

to a book called "The Good Influence" that highlighted the importance of floods in some 275 

ecosystems when students were puzzled with the idea of the positive effects of floods. 276 

4.1.3. Implementing Community-based Engineering Lessons 277 

In implementing community-based engineering lessons (see Figure 1), Holly created 278 

opportunities for her students to engage in alternative modes of investigation (MoI) and 279 

encouraged them to approach engineering and problem-solving from various angles and 280 

utilizing different methods. For example, in Lesson 12, Holly asked her students to act as 281 

a team of engineers to work on a plan to protect people from floods based on the model of 282 

the river they drew earlier. 283 

Excerpt 2. Holly’s use of MoI 284 

Codes Screenshot Description and Transcription 
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MoI 

 

Holly: “You have to put together a 

plan to keep people safe in the event 

of a flood based on the river that 

you're doing. Here's your list of things 

that you have to have. You have to 

have your river drawn neatly in the 

middle of your paper. You need to 

place houses where they will be the 

most safe. You need to label any modi-

fications made to your house or river. 

So for example, if you're putting a levy 

down, you need to have that clearly 

labeled. And if you're building your 

house on fill or stilts or something like 

that, you need to have that labels. And 

then you have to explain how your 

plan will keep people safe.” (Lesson 

12, 00:46:00) 

It was interesting to observe that MoI (Alternative Modes of Investigation) had a lim- 285 

ited presence in the first seven lessons focusing on scientific inquiry. These codes/aspects 286 

were covered more extensively in engineering lessons. REAL-ENG also had a place in en- 287 

gineering lessons. For example, from Lesson 8 to Lesson 12, students worked on the causes 288 

of floods and the ways to limit their hazards on people. Before they began working on the 289 

unit, Holly invited a local engineer to talk about the floods in the local area and the engi- 290 

neering they did to limit the effects of the floods: 291 

I had discovered, or I had, you know, talked with Dr. X [community member in 292 

[Town]], and we had talked about how [State] has the most amount of ice jam flood- 293 

ing in the lower 48 states. So then that kind of led into, like, well, what do they do 294 

about these types of floods, which then led me to finding a floodplain engineer. And 295 

so, he had come in and showed the kids like a model, like a simulation of like, differ- 296 

ent floodplains and what happens. And so then from there, then we created the les- 297 

son about looking at, you know, the different types of rivers and what can you do, 298 

and, you know, just kind of by talking with the engineer. (post-teaching interview) 299 

In the community-based engineering lessons, as seen in Figure 1, Holly closely 300 

guided students through each step of engineering design process. She spent four lessons 301 

on setting the context (CNTX); three lessons on brainstorming (BRAIN) and planning 302 

(PLAN), two lessons on defining the problem (PROB DEF), and encouraging students to 303 

ask questions (ASK). In Lesson 12, students focused on negotiating the plan (NEG), carry- 304 

ing out the artifact design process (CONST), communicating the results (COM), and iden- 305 

tifying features to improve upon (IMP).  306 

It was observed that Holly consistently referred to the local context (from Lesson 8 to 307 

Lesson 12), making sure that the context of the engineering problem was locally relevant 308 

for students (CNTX1). She also referred to their local context when she asked students to 309 

discuss the needs of their local area (BRAIN1) (see Excerpt 3). 310 

Excerpt 3. Holly’s use of CNTX1 and BRAIN1 311 

Codes Description and Transcription 

MoI Holly: “I don't know if you remember; this has been a while. We did a social 
studies activity about this at the very beginning of the year. We looked at places 

in [State] where people settled when settlers first came over and we talked 
about how they were all in areas where there was water close by because they 

needed that. At a certain point, you know, we couldn't just have, we didn't have 
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plumbing systems; we couldn't bring in water. So, we had to settle in areas near 
water so that we had access to that, or we had access to things like fish or food 
or water that we could water crops with. So, there's many reasons why people 
might choose to live in a floodplain or they've had houses or land there for a 
long time. So now one of the things that we do is we look at how can we limit 

some of the effects of flooding.” (Lesson 10, 00:09:12) 
BRAIN1 Holly: “We were having a conversation about how flooding really becomes an 

issue; when we have people involved or people's houses or people's structures. 
So sometimes there are natural hazards that happen that can actually be good 

for the environment too. So, in this case, and then the other thing maybe in 
[Town]…was that you don't want to go and start making a bunch of changes to 

the land that you don't need to do, right?” 

Finally, Holly observed that students initially had a limited understanding of what 312 

engineers do. However, through various activities and lessons, she noticed that students 313 

began to develop better understanding of the role engineers play in solving problems and 314 

creating products. Further, engineering was not confined to the 12 lessons we observed. 315 

Holly mentioned that they used read-alouds about engineers, scientists, and people who 316 

made discoveries through mistakes. Across the year, they discussed how scientists and 317 

engineers often experience failure, have questions, or revise their initial ideas after con- 318 

ducting experiments or working on projects. This helped students understand the role of 319 

engineering and engineers in real life. 320 

4.1.4. Classroom Culture and Expectations 321 

Holly maintained a positive learning environment (RSPCT and PTNT) across all les- 322 

sons. There was a climate of respect in the classroom, and Holly was patient with students. 323 

For example, in Lesson 7, Holly asked students to make a prediction about how the sand 324 

and rounded rocks formed a layer over the volcanic ashes, and the transcript below shows 325 

how Holly demonstrated patience with her student and encouraged him to think deeply: 326 

Holly (00:20:46): Can you tell us, make a prediction, use that sentence, “I predict.”  327 

And tell us how you think that the rocks and sand ended up on top of that layer of 328 

volcanic ash that we have. 329 

Student (00:21:08-00:21:44): I predict that winds blew rocks and sands. 330 

Holly (00:21:44): Ok, so you think that winds picked up rocks and sands in the m oun- 331 

tain ranges over here and blew them to Nebraska. (00:21:51) Does the map support 332 

that opinion? 333 

Student (00:22:07): Yeah. Rocks could have been over lava… 334 

This transcript shows that Holly did not rush the student to answer. She gave the 335 

student time to think and respond, as evidenced by the time stamps. Holly gently guided 336 

the student to assess his prediction by asking, "Does the map support that opinion?" This 337 

approach helped the student to think critically and engage in the learning process without 338 

feeling discouraged or judged. 339 

4.2. What are an elementary teacher’s beliefs about teaching/integrating engineering and 340 

community-based engineering lessons? 341 

4.2.1. Community-based Projects had a Significant Impact on Students' Engagement and 342 

Self-Perception as Engineers 343 

Holly observed that community-based projects had a significant impact on students' 344 

engagement and self-perception as engineers. She noted: 345 

The difference that I saw between engineering lessons and the community-based 346 

engineering lessons where they were solving their community issue, was the way 347 

they talked about themselves, like, Oh, I'm doing this, this is fun. Like, I like this 348 

project, versus the community issues that we were solving was I'm an engineer. 349 

(post-teaching interview) 350 
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Holly emphasized that when working on projects that addressed real-life problem in 351 

their community, students felt more connected to their work and identified themselves as 352 

engineers. Holly believed that these community-based projects built relevance and 353 

connection by providing students with a better understanding of what engineers do in the 354 

field, solving real-world problems, and helping others in their community and beyond. 355 

4.2.2. Engineering Lessons are Aligned with the Curriculum and State Standards 356 

Holly was motivated to integrate engineering lessons because they aligned with her 357 

existing curriculum and the state standards. She explained: 358 

The curriculum, they're one of our, you know, main standards for fourth grade, 359 

structure function in information processing. And so, I have a whole unit…it focuses 360 

on animals and plants, and I think it could just fit in nicely with that. (post-PD 361 

interview)  362 

Holly added that engineering lessons could be incorporated into her lessons and 363 

would be also helpful for her students and their standing in the milestones testing. 364 

4.2.3. Principal Support Facilitates the Integration of Engineering into Classrooms 365 

Holly noted that her principal was supportive of integrating engineering lessons into 366 

the curriculum. She shared, "She [her principal] is completely on board with this stuff 367 

[engineering]. Instead, it's good, she knows that it [engineering curriculum] aligns" (post- 368 

PD interview). This administrator support helped Holly feel more confident to implement 369 

these lessons without facing opposition or resistance from school administration. 370 

4.2.4. Understanding the Local Community Context is Crucial in Designing Community- 371 

based Engineering Lessons 372 

Holly lives outside the community where she teaches. She initially thought that 373 

might disconnect her from the specific issues faced by the community and those faced by 374 

her students. Holly shared, “to be honest, I don't feel very connected to like the 375 

community of [Town]. Like I really don't have a clue as to what, like, issues are specific to 376 

[Town] that are outside of the school” (post-PD interview). However, she was hopeful 377 

that this challenge could be overcome by communicating with people from the local area 378 

and utilizing resources such as city council meetings. Indeed, as she engaged in 379 

ethnographic methods to learn about the community and talked with local experts, she 380 

began to learn more about the local context and funds of knowledge that were important 381 

to her students. 382 

5. Discussion 383 

Our work highlights the importance of providing teachers with targeted profes- 384 

sional learning on how to identify local knowledge and potential community-based op- 385 

portunities around which to build science and engineering lessons. Holly noted that one 386 

of the most challenging aspects of implementing the project was determining how to 387 

connect engineering to the local community. Holly, like many teachers, does not live in 388 

the community where she teaches, so she was not very familiar with the potential engi- 389 

neering opportunities within the community. This required Holly to take purposeful 390 

steps to learn more about her students’ funds of knowledge [16, 27] and community by 391 

employing ethnographic methods [14, 39, 41] covered during the first summer PD [21] 392 

and reaching out to experts within the local community for additional information and 393 

support. That training and support was instrumental in Holly’s lesson development and 394 

implementation.  395 

Risk-taking plays an important role in the adoption of new teaching reforms, such 396 

as engineering design [31]. This often requires teachers to step outside of their comfort 397 

zones [21] to implement unfamiliar pedagogical strategies and new content. Holly’s de- 398 

cision to participate in the program stemmed from her desire to enhance her science and 399 
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engineering content knowledge and pedagogy. She was already an accomplished 400 

teacher highly respected in her school and community, but she demonstrated an authen- 401 

tic interest in building her own content and pedagogical practices in engineering. Fur- 402 

ther, Holly commented on the importance of having administrative support for her 403 

teaching of science and engineering. Previous studies have reported that lack of admin- 404 

istrative support is a barrier to the implementation of engineering in primary school 405 

classrooms [13, 17]. Because Holly felt supported by her administrator, she was able to 406 

take the risk of incorporating new pedagogical strategies and content in her classroom, 407 

something she would not have been as inclined to do had she not had that support. This 408 

points to a need for PD providers and teacher educators to communicate closely with 409 

school administration when embarking on science and engineering projects with class- 410 

room teachers. Not only did Holly demonstrate this risk-taking theme when it came to 411 

her own professional development, but it trickled into her teaching beliefs and practices. 412 

With her pedagogical practices strongly rooted in inquiry and exploration, she routinely 413 

encouraged her students to take risks in their engineering activities, reminding them 414 

that scientists often revisit their own lines of inquiry and change “their thinking as they 415 

learn more information and they [gather] new evidence.” 416 

Our findings illustrate the potential of community-focused engineering for engag- 417 

ing students in meaningful science and engineering practices. By connecting class activi- 418 

ties to the local context, students were able to see the relevance of engineering to their 419 

everyday lives and take ownership in their learning. Similar to the teachers in Radloff et 420 

al.’s study [31], Holly found that by implementing engineering design based teaching, 421 

levels of student engagement increased. Further, community-focused engineering edu- 422 

cation (e.g., flood mitigation) can also help students understand how climate and sus- 423 

tainability are connected to engineering design [25], connecting to multiple principles of 424 

the Engineering for Sustainable Communities framework [37].  425 

Over the course of participating in the project, Holly shifted her perspective from 426 

initially seeing science and engineering as separate entities that were not connected in 427 

the classroom to viewing science and engineering as interrelated and complementary. 428 

To Holly, engineering was a natural way to engage students in alternative modes of in- 429 

vestigation, during which they could apply the science content knowledge they had re- 430 

cently learned. 431 
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