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The Conception of Epistemic Practices of Engineering in the
Home Environment (Fundamental)

Introduction

Current national policy documents in the United States call upon the integration of engineering
design tasks in K-12 classrooms as a way to support children’s understanding and knowledge of
concepts and practices unique to the field. However, the difficulties in implementing engineering
design tasks in such settings may include a lack of time, as well as a lack of content knowledge
and misconceptions of engineering by educators [1-2]. As a way to support children’s knowledge
construction and meaning-making of engineering in school settings (or lack thereof), we promote
the home environment as another potential learning site. As noted in prior scholarship, the home
environment has the potential to support children’s identity development as engineers [3],
influence young children’s school readiness [4], create co-learning experiences of STEM
concepts through play [5], and support risk-taking and persistence through failure moments [6].

In this exploratory study, we examined the following research question: How do children and
their families participate in epistemic practices of engineers within engineering design tasks in
their home environment? In this study, epistemic practices are described as ways that members
of a community “propose, communicate, justify, assess, and legitimize knowledge claims” in
“socially organized and interactionally accomplished ways” [7, p. 99]. More specifically, we
utilized Cunningham and Kelly’s [8] 16 epistemic practices of engineering for K-12 education
contexts to analyze video data of nine families completing a researcher-developed design task in
their home. As noted by Cunningham and Kelly, these 16 epistemic practices of engineering
offer families a way to think and learn about engineering through active participation in
authentic, ill-structured engineering problems. Results highlighted the diverse ways children
engaged in interconnected knowledge-building practices similar to engineers, whether
independently or with family involvement. Moreover, the framing of the engineering tasks
appeared to elicit different epistemic practices of engineers. Through our analysis, we argue for
the inclusion of engineering design tasks in home environments to support children’s
participation in and learning about engineering.

Theoretical Grounding

Active-based learning (ABL) is grounded in constructivist theories of learning [9-12], and is
rooted in the consideration of children as active learners, as opposed to passive recipients of
information [12], especially through engaging in practical experiences [13]. Even though there
are a variety of ways to define what activity-based learning is, the consensus is that children are
involved in the learning, by doing and by seeing [14]. In this study, children were actively
involved in the knowledge construction and sense-making of engineering through their
engagement in engineering design tasks in collaboration with a parent and/or sibling. The
strength in using ABL is that it allows the learner more freedom and access to real-world
knowledge [11]. It also allows the students to pace themselves, based on their unique abilities
and environment [15]. Additionally, hands-on, practical learning allows children to challenge



their existing knowledge and preconceptions [10] and enhance their critical thinking and
problem-solving abilities [11, 13, 16], often times through collaboration with others.

Methods

In this study, we employed natural observations to address our research question. Natural
observations afford researchers to witness natural behaviors, actions, and interactions among
individuals in everyday contexts [17]. More specifically, we employed video-based observations
due to the ability to examine natural behaviors, actions, and interactions in home environments
multiple times [18].

Context

For this study, we collaborated with four nearby rural school districts to engage families with at
least one child in grades 2-6 to join our program and research initiative. To aid in this effort, we
developed various recruitment materials for the districts to utilize, including SeeSaw
announcements, teacher emails, and social media content. Each of these materials featured a
video introducing our team and offering an overview of the program. As this study took place
during the pandemic, we did not target our recruitment to any one social group. Subsequently,
for families that expressed interest, we held Zoom meetings with each family to discuss logistical
aspects and acquire both adult consent and child assent.

Between January 2020 and April 2020, families actively engaged in completing 4-6 engineering
kits designed by the researcher team within their home settings. These kits were structured to
lead families through an engineering design process - research, plan/design, create, test, improve,
and communicate. Every kit was equipped with affordable materials like playing cards, felt
pieces, hot glue guns, and LED lights, alongside a child-friendly guide and a facilitation guide.
The facilitation guide included additional aids such as optional open-ended questions,
connections to math and science concepts, and troubleshooting tips. As an example of an
engineering kit, families were tasked with the following:
You have been asked by a toy refurbish shop to brainstorm ways to give old toys a
second life using electronic parts. Make a prototype that renovates, redesigns, and/or
remixes an old toy. The prototype should change the look and feel of the toy, or the toy’s
role in our life, using new materials.
Each family picked and ranked six kits they wanted to complete based on a list of ten
kits/engineering tasks (see Table 1). A member of the research team delivered two kits to their
home approximately one month apart. More information about the kits, instructional material,
recruitment material, and communication with families can be found in our facilitation guide and
project website.



https://orb.binghamton.edu/education_fac/19/
https://athomeengineers.com/

Table 1. Overview of 10 kits

Name of Kit Engineering Task

Your task is to design a prototype of an animal house that will help stray
animals survive extreme weather conditions common to where you live—
rain storms, really hot and really cold temperatures, earthquakes, or
tornados.

Animal House

Grabbers are handheld tools that can be used to retrieve items from a
DIY Grabber distance. Design a prototype of a grabber that can pick up three different
objects from at least two feet away without damaging or dropping them.

You want a way to secretly and safely share objects with your friend who
Delivery Package lives next door. You choose to design a prototype that will deliver an object
at least 6 feet.

Similar to automotive engineers, your task is to build a prototype to test the
effect of different variables to report recommendations to the company. The
prototype should travel along a straight path down a ramp and travel as far as
possible with a minimum of 8 feet.

Mint Mobiles

A local amusement park has asked you to design their next roller coaster.
You decide to design a prototype suitable for a marble to travel from the
start to the finish. You will use the prototype during your presentation to the
local amusement park.

Paper Roller Coaster

The National Weather Service is asking for your help in measuring and
reporting the amount of rainfall in your city. Using the provided material,
build a rain gauge to measure the amount of liquid precipitation over a set
period of time.

You have been asked by a popular game company to develop handheld
soccer bots for a new indoor game for two players. A soccer bot is a robot
that plays soccer. For this game, players score goals by hitting a small ball
into the opposing "net".

Rain Gauge

Soccer Bot

You have been asked by a toy refurbish shop to brainstorm ways to give old
toys a second life using electronic parts. Make a prototype that renovates,
redesigns, and/or remixes an old toy. The prototype should change the look
and feel of the toy, or the toy’s role in our life, using new materials.

Toy Hack

You have been asked by a popular shoe company to design a new trendy
tennis shoe for the unigue needs of their four customers. Pick one of the
customers and design a tennis shoe to meet their needs. You decide to use
everyday products to construct the tennis shoe prototype.

Trendy Tennies

Watercolor Bot Design a motorized bot that “paints.”

Participants
The participants for this study include nine families from four different school districts located in

one county in a state located in the Northeast region of the U.S. Across the nine families, there
were 14 children (10 females, 4 males) and nine parents (6 females, 3 males). Table 2 includes



demographics regarding family participants. Participant-created pseudonyms were used to
maintain anonymity.

Table 2. Participant self-identified demographics

Highest Self-
Child Age Gender Ethnicity Parent Level of Described
Degree Career
Sam 13 M ,
White Sally }1353 chelor’s + Writer
Jake 11 M
Annie 11 F Bi-racial Angela Master’s Social Work
Krista 8 F White Kate Master’s School
Teacher
Beth 9 = White Jake Bachelor’s ~ SCwware
Engineer
Audre 9 F
y . Software
Asian Samuel .
. Engineer
Daniel 7 M
Eve 10 F School
White Martha Bachelor’s choo
Nurse
Ashley 10 F
. , Software
Eleanor 10 F White Tod Bachelor’s Developer
Helen 11 F e
Black Rachel Master’s Dlsa_b|l|ty
Services
Joy 8 F
Coral 11 F
White Cori Bachelor’s FI\)/:gl(’jIge(E[tln
Charlie 7 M 9

Data Source

The data source for this study were videos from each family engaged with the Kkits, as well as
shorter clips where families described and/or reflected on their progress, prototype, and
experience. Each family self-recorded and shared videos with the research team through the
Sibme app [19]. Furthermore, since families were not obligated to complete six Kkits and had the
freedom to discontinue the research component at any time, the quantity and length of videos



differed among families. The number of kits completed by families ranged from one Kit to six
kits. The length of the videos ranged from 2:40 (minutes:seconds) to 53:58 (minutes:seconds).
The average video length was 12:26 (minutes:seconds). Each video was transcribed verbatim by
a member of the research team. Non-verbal acts of communication were also included.
Transcripts were chunked into social events, marked by shifts in observed behaviors,
discussions, and/or situations [20]. We framed these social events as “this event or episode is
about...their design plan.”

Data Analysis
First, we individually coded each episode per family for one or more of the 16 epistemic

practices [6]. Cunningham and Kelly [6] classified the 16 epistemic practices into four broad
categories: (a) engineering in social contexts (e.g., consider problems in context, persist in the
face of failure); (b) uses of data and evidence to make decisions; (c) tools and strategies for
problem solving (e.g., consider materials and their properties); and (d) finding solutions through
creativity and innovation (e.g., innovating processes, systems, and objects). As an example of
our coding process, the following event from the Soccer Bot kit was coded as envision multiple
solutions and consider materials and their properties because Ashley shared why she used binder
clips as the “arm” of the soccer bot — stronger - as opposed to cardboard. But this was also done
in relationship to two designs, highlighting how she brainstormed several different ways to create
her soccer bot.

Ashley: Okay, so this is my soccer bot. (displayed bot to camera) And this is my design. |
chose number one (pointed to design) 'cause | thought the binder clip would be
more powerful than the cardboard on number 2 (pointed to second design).
They’re basically the same thing just one’s with a binder clip for the thing that
hits the soccer bot- the ball.

Martha: Okay, go ahead and press it.

Ashley: (pressed button and motor spun) See how that works. It's really strong (pointed
to binder clip on the motor) the binder clips.

We met following the analysis of each family to converse on areas of agreement and
disagreement, working towards a consensus. Next, we tabulated the frequency to consider how
often children and their families participated in epistemic practices of engineers by kits. Lastly,
we created a visual for each family per kit to look for patterns [21] in terms of how children and
their families utilized the various epistemic engineering practices while engaged with the Kits in
their home environments. We further considered if patterns were observed within the
engineering design process that framed the engineering kits- research, plan/design, create, test,
improve, and communicate.

Findings

Results highlighted how children participated in a variety of interlocking or connected epistemic
practices both with and without the support of their family. In addition, different tasks seemed to
inform participation in different engineering tasks. We will discuss each of these in part,



providing examples and images from video clips to support our findings. As a reminder, we
utilized participant-created pseudonyms throughout to maintain anonymity.

Patterns

First, during the planning process, children and their families engaged in the two epistemic
practices — consider materials and their properties and/or consider problems in context — while
envisioning one or more solutions. Consider the following information regarding one design
solution of trendy tennies (or boots) for Olaf.

Krista: | decided to do Olaf. (reading from her notes) Olaf is a snowman. A best friend to
Spen and Kristof. Built out of snow. Lives in Arendelle. (inaudible) on magic snowflakes
to fall to make sure he doesn't melt. Purpose, keep feet warm. (turns paper over) Shoe
design: Sandpaper on the bottom to prevent slipping. Above ankle so snow won't get in
the boot. Two layers to keep warm inside. No bright or flashy colors.

As displayed in Figure 1, Krista brainstormed a design (envision multiple solutions) that was
unique to her customer, Olaf. She utilized what she knew about Olaf to inform the design of the
shoe (e.g., keep feet warm; consider problems in context). Krista also decided to use material
provided in the kit — sandpaper — to prevent Olaf from slipping (consider materials and their
properties). While not externally stated, it is assumed that sandpaper was used because of its
abrasive layer.

Figure 1. Krista’s design solution for a pair of shoes for Olaf

-

Second, children and their families applied science and math knowledge when developing
models and prototypes. In the following example, Eve and Ashley (twins) took an old toy — a
stuffed gorilla — and created a new toy — a jewelry and scrunchy holder that would light up (see
Figure 2).



Figure 2. Eve and Ashley’s new toy creation

As highlighted in the transcript below, they used their knowledge of simple circuits to connect
three LED lights to one battery pack using stripped wires.

Ashley:

Eve:

Ashley:

We added all the red wires together to the battery box so they would all turn on
and all the black wires together to the battery box (see Figure 3). And we did all
of our electrical stuff like we were supposed to. We added the red to the plus side
of the light bulb and the black to the minus side of the light bulb. We also made
three holes (pointed to box where LED were inserted into three holes) for our
three light bulbs that are on the front as you can see here (turned box so seeing
front).

We also added glue to the, to the holes (pointed to one LED with glue) of the
lights because we wanted them (pointed again to one LED with glue,
particularly touched the glue) to stay in their better. And also we thought it
wasn't gonna work because of all the wires had to connect for it to work, but it
did, so we're gonna show you it what looks like. (flipped battery pack from off to
on and LED lights worked).

So we got the blue right here (pointed), the white (pointed) in the middle, and the
green right here (pointed). And that's our lights.

Figure 3. Simple circuit for the new toy to light up. This image is the backside of the new toy.




Ashley and Eve recognized that all the positive (i.e., red) wires and all negative (i.e., black) wires
from the three LED lights had to be securely connected to the battery for the lights to work. As
illustrated in the figure, they used electrical tape to secure the connection.

Third, children continued to develop and refine their prototype through the act of testing-making
evidence-based decisions-persisting in the face of failure. To exemplify, Eleanor (child) and Tod
(parent) was tasked with the following: “The automobile company, Rolls-Royce, has produced
many cars that are considered of poor fuel efficiency by the United States Department of Energy.
Similar to automotive engineers, your task is to build a prototype to test the effect of different
variables to report recommendations to the company. The prototype should travel along a
straight path down a ramp and travel as far as possible with a minimum of 8 feet.” Eleanor’s first
set of tests were failures her mint mobile did not make it down the ramp “to the eight-foot line
and it kept on turning [as opposed to going straight].” The body of Eleanor’s first design was
constructed using an index card, straws, mints as wheels, and popsicle sticks as a spoiler (see
Figure 4-A). Through reflecting upon the failure of the mint mobile to meet the goal of the
engineering task, Eleanor constructed a new mint mobile prototype based on the evidence she
gathered from her observations (see Figure 4-B). “It won't be able to turn (moved the car forward
on table, and slightly turned it to the left) unless someone turns it. (physically turned/pushed the
car to the left; see Figure 4-C) And it's way more firm (pushed down on popsicle stick with
finger; see Figure 4-D) and strong (touched front toothpick and from mint/wheel).”

Figure 4. Eleanor’s first and second prototypes

Figure 4-A Figure 4-B Figure 4-C Figure 4-D

In this instance, Eleanor highlighted changes made to the new design through pushing down on
the popsicle stick to show it is firm and strong or moving the car on the table to show that it
won't turn unless someone turns it. As such, the second prototype was created to address
problems observed in testing the first prototype and was deemed successful as the mint mobile
traveled more than 8 feet.

Frequency
As noted above, the design of the Kkits and engineering tasks seemed to elicit specific engineering

epistemic practices more than other kits and engineering tasks. First, we observed and coded 28
episodes (56% of all episodes) in which children and families engaged in the epistemic practice,
consider problems in context, when designing a new trendy tennis shoe (i.e., Trendy Tennies kit)
to meet the unique needs of a customer. We hypothesize this is due to the nature of the task (i.e.,



customer), as well as children’s familiarity with different types of shoes and their purposes (e.g.,
rain boots). We highlighted one example of this above in which Krista designed a shoe for Olaf.
As another instance, Sam and Jake created a prototype for the Hulk/Bruce Banner. The shoe was
designed to accommodate both Bruce’s shoe size, as well as the Hulk’s shoe size. As illustrated
in Figure 5, the top part of the sole of the shoe would fold under to fit the foot size of Bruce
Banner and fold out to fit the foot size of the Hulk.

Figure 5. Transformation from Bruce Banner’s shoe on the left to the Hulk’s shoe on the right

Second, children and their families envisioned multiple design solutions (15 episodes; 24% of all
episodes) when thinking through how to design a prototype for a grabber that would pick up
three different objects from at least two feet away without damaging or dropping them. While
every Kit encouraged children to plan and sketch at least two possible designs, we conjecture that
this epistemic practice was more common in the Grabber kit as children would often refer back
to their original designs when experiencing moments of failure. The following example is from
Beth (child) and Jake (parent). Beth’s envisioned three design solutions, each with their own
purposes, as stated below and as illustrated in Figure 6.

I have my three designs. The first one is this one. It's like more of a flip grabbing thing. It
grabs things that has like a handle or (picks up a few rubber bands) something, like make
a little rubber band or a hair band (picked up a hair tie) or maybe even a binder clip
(picked up binder clip). And my second design is more of a scooping (acted as if
scooping with one hand) kind of thing. And this is (picked up a toy from table) pretty
similar to it. It's my own grabber that | already have. And it grabs loose things like maybe
(grabs brass fasteners from table using toy) like some large fasteners.



Figure 6. Beth’s three design solutions for the grabber.

Beth’s first prototype was the second design, the scooper (see Figure 7).

Figure 7. Scooper grabber prototype

Beth was unable to grab items (e.g., water bottle) with the scooper well. As stated by Beth, “it
does have some problems.” She went on to explain the problem was “with the rubber bands and
they were too stretchy. And too thick.” As a family, they made the decision to pick a different
design, in which Beth continued to refer to her sketch. “Instead of having to pull the grabber, we
decided to pick a different design. So the design we decided to do (points to sketch) was the first
one as like a scissor grabber type thing, like pinchers I guess.” See Figure 8 for an image of the
second prototype. As stated by Beth, “Actually it does work a lot better.” She was able to pick up
a bag, an empty plastic bottle, a clipper, and a roll of tape.

Figure 8. Scissor grabber prototype

Third, we observed and coded 9 episodes (35% of all coded episodes) as applying science
knowledge when creating a rain gauge that would light up when a certain amount of rainfall



accumulated (e.g., 1 inch = blue light, 2 inches = green light, etc.). In the following example,
Joy, Helen (children), and Rachel (parent) are exploring which LED leg is positive and which
LED leg is negative. This foundational knowledge is crucial to creating a functional rain gauge.
The transcript follows Rachel reading the instructions; “the legs of the LED lights are different.
Which one is positive and which one is negative? And how do you know? I don’t.” Joy noticed
that one leg of an LED light is longer than the other.

Rachel: Is it the longer that’s negative or the shorter one? I wonder if we could use the,
you know how you used the light last night to connect it (picked up alligator clip)
with the...

Helen: Yeah. You can test it out by, since this (picked up battery pack with 2 batteries
inserted), since this...the red is positive (points to red wire) and the black is
negative (points to black wire). We can in a way test it out. (picked up an
alligator clip)

Rachel: Test it out. Use the battery to test it out.

Helen: (connects alligator clip to black wire).

Rachel: Do you have a conductor? Or do you not need a conductor?

Helen: (connects another alligator clip to red wire, then connects both wires to LED
light)

Rachel: Oh, it flickered.

Joy:  Yeah because it touched it.

Helen: The light is orange.

Rachel: But what tells you what is negative and what is...? Try it on the other side.

Joy: (switched alligator clips) So nothing good.

Helen: So it looks like the shorter one is the negative. And the longer one is positive.

As noted in two of the statements by Rachel, we surmise that the family also explored
conductive and non-conductive material the previous night. As included in the instructions,
families were encouraged to find and test materials around their home that could be used as
conductive material for a simple circuit. Helen applied her knowledge of the positive and
negative wires and the flow of electrical charge or current to determine appropriately that the
shorter leg was negative and the longer leg was positive.

We also observed and coded 9 episodes (and additional 35% of all videos coded) for applying
science knowledge as part of the Toy Hack kit. This was likely due to the engineering task,
which asked children and their families to give an old toy a second life using electronic parts (see
Figure 3 above as an example). The epistemic practice of applying science knowledge was
grounded in concepts of current electricity that were embedded within particular kits. Additional
MAKEnNgineering Kkits where this would apply are in the creation of water color bots or bots that
would paint water color art pieces (see Figure 9-A), as well as soccer bots or bots that would hit
a ping-pong ball into a net (see Figure 9-B).



Figure 9. Examples of water color bots and a soccer bot on a playing field.

Figure 9-A Figure 9-B

Fourth, we observed and coded 6 episodes (27% of all coded episodes) as system thinking as
children often described the components of a simple circuit when creating a soccer bot.
Similarly, we observed and coded 6 episodes (27% of all coded episodes) as system thinking
when creating a rain gauge. Again, the epistemic practice of systems thinking seemed to more
prevalent in kits that included the application of circuitry concepts. Consider the following
conversation between Annie (child) and Angela (parent) as they reflect upon the creation of two
soccer bots.

Angela: So if you had to explain to a 6 year old how that worked, what would you say?
What was giving the motor the energy to move?

Annie: | would say that the battery here (pointed to battery pack) (see Figure 10-A) is
connected (pointed to motor) to the motor. And when you press (moved finger up
and down on table) a button, it gives electricity (pointed to battery pack to the
motor) to the motor (see Figure 10-B).

Angela: The button is that white thing?

Annie: Yes. It connects (pushed button down) it so it works. (see Figure 10-C)

Figure 10. Annie’s explanation as to how the soccer bot worked.

Figure 10-A Figure 10-B Figure 10-C

As such, a six-year-old would gain a foundational understanding of not only the parts (e.g.,
motor) but how when you push the white button, it would create a closed circuit between the



battery and the motor so that the motor (or arm of the soccer bot) would spin to hit a ping-pong
ball.

Discussion

In this study, we examined epistemic practices of engineers of children and their families
through completing engineering design tasks in their home environment. Through our analysis,
we observed patterns in which children engaged in more than one epistemic practice. These
highlighted specific instances of overlaps within and across the four categories - (a) engineering
in social contexts; (b) uses of data and evidence to make decisions; (c) tools and strategies for
problem solving; and (d) finding solutions through creativity and innovation - which
Cunningham and Kelly [8] broadly commented as not being mutually exclusive. Our results
support this. For example, we observed episodes in which children and their families considered
the needs of their clients and/or the materials that might be used for the prototype based on their
properties when brainstorming one or more solutions to solve engineering tasks.

Further, we observed a cyclical relationship when children experiences failures when testing
their prototype. Through observations, they made and implemented informed-based decisions;
thus, children persisted in the face of failure through making changes to their prototype or
starting a new prototype. As noted by Crismond and Adams [22] and Johnston et al. [23],
children’s ability to make sense of what happened (i.e., attend), why it happened, (i.e., interpret),
and what changes to make based on “evidence” gathered from their failure experience is a
difficult and unnatural process for children who are beginning designers. As such, studies show
that students as young as kindergarten are capable of making design decisions [23-24]. Evidence
of their decisions are likely informed by personal experiences, external authorities (e.g., teacher),
observations from failed tests, and brainstorming solutions with their peers [25-28] as opposed to
science and math concepts and principles, criteria and constraints of the problem and available
materials, and factors related to customers and context [27].

Additionally, engineering design tasks afford children and their family opportunities to draw
upon and apply math and science principles and concepts when creating their prototypes [29].
This highlights how disciplines within STEM intersect and inform one another to support ways
of knowing through grounding children’s experiences within engineering design tasks. As
described by Vazquez [30], this approach to STEM education, defined a transdisciplinary STEM
education, is one of the hardest to achieve. In this paper, our emphasis was children’s creation of
a prototype using their knowledge of simple circuits and conductive material. This was prevalent
as the concept of current electricity was a focus of four of our Kits at the time of this study. As
families engaged in more than one of these MAKERNgineering kits, they likely gained familiarity
and developed fluency in applying science knowledge, particularly concepts of current
electricity, in the development of prototypes. And while we did not discuss the application of
math concepts in this paper, our prior research has highlighted children’s use of co-variation
reasoning [31], spatial reasoning, computation (e.g., average height), and scale factor [32].



The significance of this study not only lies in the potential to engage young children (and
parents) in the knowledge construction and sense-making of engineering similar to that of
professionals in the field (i.e., epistemic practices), it can inform the design of engineering tasks
to support the development of children’s epistemic practices in engineering within out-of-school
contexts. As the results of this study highlight, the framing of the task itself seems to elicit
different epistemic practices. For example, tasks that included a character or a client (e.qg.,
Trendy Tennie), or even a task of interest and/or familiar (e.g., Animal House), children are more
likely to engage in the epistemic practice, consider problems in context. This supports prior
research that has shown empathy to be a skilled developed through user-centered engineering
contexts [33-34]. Similar, the structure and open-ended nature of the kits to align with an
engineering design process elicited engagement in particular epistemic practices such as
envisioning multiple solutions. In the context of this study, envisioning multiple solutions were
grounded in the process of sketching which has been shown to promote the development of
innovative ideas, building upon ideas, and deeper thinking about their solutions [35]. Second, the
inclusion of familiar and everyday materials (e.g., g-tips, cotton balls, sandpaper, straws)
supported children in considering materials and their prototypes within the context of the
engineering design tasks. As such, children often rely on everyday experiences and perceptually
accessible properties such as thickness, color, weight, and texture for their choice of materials
[36-37]. Third, providing opportunities to explore and experiment with how to address the
engineering task encouraged children to engage in systems thinking [38-39]. In this study, this
was observed more within the concept of circuitry and how the individual parts of a simple
circuit should be connected to create a functional prototype.

Conclusion and Future Work

We recognize the limitations of this study to include the limited nature of the videos as they were
often recorded in short clips shared by families as opposed to a continuous recording of their
interactions. Our analysis also did not account for length of time and the frequency of epistemic
practices of engineering were informed by the kits completed, which were not the same across
families. However, future research can build upon these results in considering the home
environment as a place to support the development and awareness of epistemic practices of
engineering among children. How did parents, caregivers, and/or siblings inform and/or hinder
children’s engagement in the epistemic practices? How might the home environment and
engagement with family members position children as active agents in knowledge construction
within engineering? How might these practices in the home be associated with other constructs
such as children’s interest in engineering [40]? Another line of research may build upon similar
studies of engaging children in epistemic practices in the field of science [41-42]. Studies have
shown positive effects of argumentation, exploration and inquiry-based science instruction on the
frequency and variety of children’s epistemic practices [43-44]. We also observed few instances
of the epistemic practices making trade-offs between criteria and constraints, assessing the
implications of solutions in the real world, and innovating processes, methods, and designs. The
question of why this was the case may be embedded in the design and structure of the kits. A
design-based research approach [45] with families and educators may serve as a useful approach.
Lastly, while participants in this study spanned grade levels, gender, and ethnic social groups,



future research may expand upon this sample to include a broader spectrum of demographic
backgrounds.
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