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Caregivers’ Roles in Supporting Children’s Engagement in
Engineering Activities at Home (Fundamental)

Abstract

We began this project with three goals: (1) engage families in engineering activities, (2) increase
the awareness of kids and caregivers as to what engineering is, and (3) increase children’ interest
in engineering. We focused on caregivers and home environments because of the important role
that at-home experiences with STEM play in triggering interest for many individuals who enter
STEM professions. We created and distributed four different kits to families interested in
engaging in STEM activities at home. Each kit included a challenge around engineering-related
content (e.g., circuits, construction) and contained activity instructions (child) and a facilitation
guide (caregivers). However, few instructions were given to caregivers about the expectations of
their role while engaging with their children. This paper reports on the findings from family
engagement in the Watercolor Bot kit. We sought to explore the roles enacted and behaviors
utilized by caregivers as they supported their children during the activity. Our findings add to the
conversation about how to define and conceptualize caregiver roles and how the home
context/setting influences the types of supports caregivers provide. In contrast to emerging work
on caregiver support, we argue that it may be more fruitful to think about the types of support
(physical, verbal, content, and managerial) offered rather than defining specific roles (e.g.,
collaborator, project manager, etc.). We provide implications for designing kits and activities to
include specific support for caregivers beyond simply providing project-specific instructions that
address caregivers’ needs.

Introduction/ Background

At-home experiences with STEM and engineering play an important role in triggering interest
for many individuals who end up in STEM fields [1]. The home is an important context for
learning. School-aged children spend around 19% of their time in school or other formal
educational environments and the remaining 81% in informal settings [2]. While informal
settings for education include institutions such as museums, libraries, and after-school centers,
this study centers on what happens in the home during natural interactions “in the wild” [3]. The
home environment is full of unique cultural practices and ways of interacting in the world and,
specifically, with STEM. Family cultural practices shape children’s beliefs, knowledge,
interactions, and inquiry practices [4], [5], [6], [7]. Parents, grandparents, and other caregivers
value STEM education [8] and play a large part in shaping their children’s STEM experiences,
dispositions, identities, interests, and practices [9], [10], [11], [12], [13]. As such, caregivers
provide a valuable resource to their children and have the potential to bring unique contributions
to the process of learning engineering, especially in the home context.



Caregivers serve as the “providers of experiences” for their children, such that their beliefs and
perceptions about STEM and engineering influence not only which opportunities they provide to
their children but the actions and behaviors they use while engaging in these activities with their
children [10], [14], [15]. We draw upon the work of Eccles and colleagues to understand how
caregiver values, beliefs, and socialization impacts their child’s informal STEM experiences.
Specifically, the expectancy value theory (EVT) framework describes ecological, psychological,
and sociocultural influences on children’s choices and performance in STEM activities, with
socializers being one of the key factors for children. The model of parental socialization posits
that parental beliefs and perceptions influence their subsequent actions and behavior, primary
among these are the provision of activities and supports, encouraging their children, and actively
engaging in activities together [16], [17].

While caregivers may engage in math and science more readily with their children in their daily
lives (e.g., via cooking, budgeting, measuring for DIY projects), they are less likely to do so with
engineering activities. This may be due, in part, to their knowledge of their child’s interests and
abilities and to their own misconceptions about engineering, lack of understanding of
engineering concepts, and lack of confidence in their ability to help their children with these
activities. The interplay of caregivers’ knowledge, expertise, and their child(ren)'s interests
influence what activities are engaged in [18] or whether caregivers avoid these activities
altogether [10], [19], [20]. For example, if caregivers feel like they lack appropriate knowledge
or skills to help their children, they may struggle with how best to teach or support them in
STEM activities [19]. However, caregivers do not need to have technical or subject matter
expertise to be able to engage with and support their children in STEM activities [21], [22].

Prior research has begun to investigate the ways in which caregivers support their children in
STEM projects during family workshops [11], [21], and at home [18], [23], [24]. These supports
are categorized as “roles” caregivers enact. However, no clear consensus exists on what these
roles are or how they are defined. For example, in 2009, [18] interviewed middle schoolers and
their caregivers, identifying seven roles parents used to support their kids’ creative
technologically mediated activities: teacher, collaborator, resource provider, learning broker,
non-tech consultant, employer, learner. In 2016, [21] applied these roles to their five-week
family creative learning workshop, adding facilitator and gatekeeper to the list. In our own prior
work examining roles in a five-month engineering workshop [11], we drew from [18]’s roles,
adding and refining them throughout the coding process, resulting in 11 identified roles: teacher,
collaborator, resource provider, learning broker, parallel collaborator, facilitator, project
manager, quality engineer, lead engineer, observer, and outsider. While these roles are relatively
consistent as they are all based on the same initial 2009 study, similar work by [23] identified
roles differently, such as builder, designer, facilitator, cheerleader, and teacher. While much of
this work attempts to categorize the roles enacted by caregivers, recent work has begun to focus
less on identifying the specific roles and more on describing the actions and behaviors of
caregivers. Specifically, [18] examined parental behaviors during school closures early in the



COVID-19 pandemic. They observed the ways parents engaged with and supported their
children during online learning, observing that parents listened in on Zoom sessions, brokered
access to resources, guided lessons, and provided technical support or assistance [18]. Across all
these studies, whether described using behaviors or specific role categorizations, the types of
support provided by caregivers tends to be fairly consistent, including physical support (builder,
collaborator), verbal support (cheerleader, consultant), content support (teacher, learning broker),
and managerial support (facilitator, project manager).

Research Questions

In this paper, we seek to address the following research question: What kinds of roles and
behaviors do caregivers enact that support their child’s learning and engagement in engineering
activities at home? We anticipated that caregivers’ roles and behaviors would be influenced by
the home context and reflect caregivers’ trying to balance responsibilities of being a
parent/caregiver with their expectations of what it means to support or teach their child about a
discipline with which they may be unfamiliar (e.g., engineering).

Methods
Study Context

The current study was conducted as part of an NSF-funded project to (1) engage kids and their
caregivers in engineering, (2) increase the awareness of kids and caregivers as to what
engineering is, and (3) increase kids’ interest in engineering. We intentionally focused on
caregivers and home environments because at-home experiences with STEM play an important
role in triggering interest for many individuals who end up in STEM [1]. We created and
distributed kits to families who wanted to engage in STEM. Each kit included a challenge around
various engineering-related content (e.g., circuits, construction) [https://athomeengineers.com/].
The goal was for families to use the kits to spark initial or sustain existing interest in STEM.

We partnered with our local library by offering the kits as part of their annual summer reading
challenge. The program was advertised as part of the library’s upcoming events guide/brochure
as well as on their website. We utilized the library’s existing activity registration system to sign
families up and their main branch for distribution of kits. Our team responded to all participant
inquiries, provided weekly online Q&A sessions, and replenished used materials in the kits. We
offered four separate kits to families: Roller Coaster, Squishy Circuits, Trendy Tennies, and
Watercolor Bots. Registration was opened for each kit individually and was capped at 35
families per kit. Families checked out the kits and completed them at home.



This study focuses on the Watercolor Bot kit. Each kit contained a set of instructions (child), a
facilitation guide (caregivers), video links that provided more information and examples, a
variety of materials (e.g., Q-tips, cotton balls), two lithium coin cell batteries, and two 10mm
vibrating disc motors. Instructions directed families to: design a motorized bot that “paints”,
build a body for their bot, connect the battery to the motor, attach the motor to the bot, test the
bot on different surfaces, and redesign as needed. Limited guidance was given to caregivers
about the expectations of their role while engaging with their children.

Participants

Families could register for and participate in a kit without participating in the research project.
Each family who expressed interest in participating in the research study was provided with a
unique Zoom link and asked to use the link to record their family whenever they engaged
together in the activity. While nine families recorded videos of at least one kit activity, this paper
focuses on the four families who worked on the Watercolor Bot kit. Approximately 3.5 hours of
video data were collected across the four families. Families are described in the results below.

Analyses

We examined four caregiver/child dyads (and in one case a caregiver and two children) as they
worked to complete the Watercolor Bot kit. While research exists on caregiver roles enacted
during STEM activities, we chose not to use these roles as a starting point. Rather, we followed a
grounded theory approach and utilized inductive open coding to illuminate the behaviors that
caregivers utilized while interacting with their children [25], [26]. Two researchers coded the
videos and noted the ways in which caregivers interacted with their child(ren), both verbally and
non-verbally. In our codes, we described the nature of the interactions (e.g., caregiver asked the
child questions, made design suggestions, helped attach the wires); however, at times we
characterized the interaction by identifying a specific role (e.g., caregiver was behaving like a
teacher or collaborator). After coding each video, the researchers discussed similarities and
discrepancies in the codes, coding the next video only once they had reached consensus.

Results
Each family interacted with the watercolor kit in different ways. Below, we provide a brief

overview of each family and their interactions as observed in their recordings, highlighting the
multiple roles enacted by caregivers. Pseudonyms were used for all caregivers and children.



Harris Family

The Harris family consisted of Sally (Mom), Dan (Dad), and Ethan (age unknown). Sally helped
Ethan get started on the activity but then left him to create on his own while she and Dan
engaged in other activities nearby. At times, Ethan made bids that drew Sally and Dan into his
exploration as he expressed his success, frustration, and ideas. Although Sally positioned herself
as a novice, she continually checked on Ethan, asking him about his progress. However, when
Ethan asked her a specific question about how the watercolor bot was supposed to work, she told
him to “Ask Daddy” who then offered advice and referenced the materials provided in the kit.
By the end of the recordings (two videos recorded the same day covering 64 minutes), Ethan’s
bot vibrated around on its Q-tip legs (Ethan never applied paint to the Q-tip feet during the
video).

Sally and Dan both seemed comfortable with Ethan working independently. Ethan also seemed
content to work on his own until he was unsure what to do or how to do it or when he wanted to
show his parents his success at various parts of the design. For the majority of the video
recordings, both Sally and Dan were off camera as they were engaged in their own activities
(e.g., doing dishes, playing guitar) while Ethan completed the activity primarily on his own. Dan
was not aware of the activity until after Ethan had already begun. Sally helped Ethan get started
and expressed frustration with the lack of instructions, materials, and support provided with the
kit. From the beginning, she made it clear that she probably would not be able to help Ethan with
the project but she did periodically check in on Ethan’s progress. She positioned the project as
Ethan’s and when he asked her for physical help, she constantly revoiced and confirmed what he
asked her to do to ensure that she did it the way he wanted it done. When Ethan asked Sally
questions, she often told him to ask his Dad, who had experience with circuits and projects
similar to this, as evidenced by a conversation when Ethan asked Dan if they could solder the
battery to the motor. While Sally positioned herself as less knowledgeable, she provided critical
support helping Ethan move through obstacles. At one point Ethan struggled to get his design to
work and said, “I might have to give up on this.” Sally came over and gave him a few
suggestions, which he tried, then broke into a huge smile when her ideas worked. Ethan showed
persistence and resilience by saying things like “The next time I do one of these...” and “I finally
got it to work with my own idea!”

Sally and Dan demonstrated interest and investment in Ethan’s ultimate success in the activity,
celebrating his ideas and when his bot worked, gave him a high five and said, “I’'m proud of you,
Ethan!” While it may have appeared that Sally and Dan were not involved in the activity as they
typically were off camera and engaged in other activities, they seemed to be watching Ethan and
paying attention to what he was doing, providing help when Ethan asked for it. This pattern of
interaction with Ethan working independently and his parents occasionally checking in, and all
of them celebrating successes was smooth and seamless.



Throughout the 64 minutes of video recording during this project, Ethan’s parents were aware of
but not integrally involved in Ethan’s work. They were outside observers of the project until
Ethan made moves to involve them in bigger supporting roles. Ethan sought Dan’s help several
times to talk through problems or to show off his work. Dan provided verbal support, asking
questions, pointing to kit resources, and sharing his knowledge of circuits. Sally provided
physical support when asked, like when Ethan struggled with the tape or rubber bands, acting as
his hands and physically manipulating the materials in ways he could not. She also provided
verbal support through encouragement and asking Ethan questions about his work and possible
solutions when he ran into problems he did not know how to work through. The few times Ethan
seemed ready to give up or lose focus Sally provided some managerial support by helping him
move to the next step. Throughout this project, Sally played mostly the role of a project manager,
though at times also acted as a collaborator, teacher, learning broker, observer, and material
provider. Dan’s limited participation was as a teacher and cheerleader.

Williams Family

The Williams family consisted of Helen (Mom), Edward (Dad), Bella (6 years), and Charlotte (9
years). The video begins with Helen noting that, “We’re going to work on our water bot again
today”, which suggests that they have already begun to design bots prior to the start of the video.
Initially, both girls were engaged in the watercolor bot activity. However, when Bella switched
to painting on her own (rather than building her bot to do it), Helen turned her focus to
collaborating with Charlotte who was redesigning her bot. Helen demonstrated her knowledge of
circuits and balance by suggesting ideas to Charlotte. Helen also celebrated successes, calling
Edward over to see their bot. Edward provided knowledge of electrical circuits when Charlotte
struggled to maintain the connection between the battery and vibrating motor wires. All three
worked together to theorize why the bot was not moving, wondering if there was too much
friction, too much watercolor paint on it, or the vibration was not happening in the right place.
By the end of the recording (one 38-minute video), the bot vibrated the tinfoil across their floor.
Helen engaged with her two children in different ways, which appeared to be based on the
children’s ages and Helen’s knowledge of their abilities and the types of support they needed.
With her younger daughter, Helen seemed to direct more of the activity, trying to keep her on
task while still letting Bella be in charge of the activity and bot design. Helen helped Bella get
set up for the activity, prompted her to think about the activity and made sure they had the
resources and supplies they needed. At one point, she asked Bella to think about the previous
design and how they could improve on it. She suggested ideas and made observations, but Helen
positioned Bella as being in charge and took direction from her and supported her design
choices. When Bella encountered a problem (i.e., the bot moved on aluminum foil but not on the
paper), Helen seemed to know what the problem was, but asked Bella questions to get her to try
and figure it out. When Helen provided a suggestion and Bella disagreed, she asked Bella for her
ideas. Helen helped facilitate progress by pointing out the next steps in the process. Once they



opened the watercolors, Bella began exploring color mixing, and Helen adapted their activity
from the bot building to allow Bella to focus on painting and exploring colors.

With her older daughter, Helen again positioned the project as belonging to Charlotte and
supported her design decisions, continually asking Charlotte what she thought or what she
wanted to do next. Helen and Charlotte worked together, physically hands-on to construct the bot
(e.g., one held while the other taped) and talked through ideas and suggestions. While most of
the time Helen let Charlotte direct the activity, at one point Charlotte became frustrated and
asked if she could paint with her sister. Helen recognized that Charlotte needed a break and said
yes, she could paint. However, almost immediately Helen made a comment about the battery
being dead and Charlotte was drawn back into the activity and continued to work on the bot with
Helen . Soon after that they got the bot vibrating. Helen called for Edward to come see and
celebrate their success. As Helen explained what they had been doing to Edward, Charlotte said
“Aw man... the thing fell off.” Helen, Edward, and Charlotte then discussed what happened and
why. Helen knew a little about electrical circuits and how they work, but Edward explained in
more depth how circuits work and what might be happening. All three provided suggestions and
ideas as to why the bot worked on some surfaces more than others. All three worked together,
often varying who directly worked on the bot. Helen and Edward both collaborated with and
provided help to Charlotte, but they positioned the activity as Charlotte’s project. They did not
attempt to change her design for their own reasons; they helped make Charlotte’s design work.
Both Helen and Edward reminded girls to be careful not to get paint everywhere, not to put the
bots directly on the floor, and to not grab things that do not belong to them. They also recognized
their daughters’ limits, allowing Bella to go paint when she lost interest and for Charlotte to take
a break when she got frustrated.

Throughout this project, Helen was an active participant in the activity while Edward arrived at
the very end. Helen supported both girls with hands-on help and facilitated their process of
making and testing. She was a collaborative partner, providing her daughters with physical
support, verbal support, and managerial support while creating and troubleshooting the design of
the bots and the vibrating movement. Helen recognized when Bella was no longer interested in
the Bot activity, and Helen provided different levels of support to Charlotte and Bella, but played
the same roles for both as a project manager, facilitator, resource provider, teacher, collaborator,
and cheerleader. Edward was only present for the end and mainly supported Charlotte as a
teacher and collaborator. He offered physical and verbal support as he demonstrated how to
create a more secure and stable connection between the battery and motor. Helen and Edward
also both played parental roles, as when Helen facilitated Bella’s transition from the Bot activity
to painting with watercolors when her attention waned, or when Edward warned Charlotte not to
put the bot on the carpet or asked Bella why she touched her sister’s project.



Cadshaw Family

The Cadshaw family consisted of Betty (Mom), Rick (Dad), Harper (age unknown), and baby
brother. Betty helped Harper get set up and start the activity. Betty provided resources (e.g., read
text from the guide), referenced informational videos, and asked questions to guide Harper in the
planning, design, and creation of the watercolor bot. Multiple times across the series of videos (3
sessions, two different days, recorded 65 minutes), Betty redirected Harper to focus attention on
the questions she was asking her or rebuked Harper for her behavior, even stopping the recording
at one point. When Betty asked Harper questions from the materials, Harper slumped in her chair
and did not respond. Throughout the activity, Betty was simultaneously caring for baby brother
and balancing other family obligations (e.g., friends arrived to drop off dinner), even making this
clear to Harper by saying, “At some point I need to go get something else done besides this.”
Betty acknowledged her limited understanding of circuits and how to connect the battery and
motor, noting that they would have to figure that out. Harper brainstormed many creative ideas
to generate “more pressure” to connect the wires to the battery to get the bot to vibrate.
Eventually, Betty stripped plastic coating off the wires to help make a better connection. The
recordings ended with Harper having a watercolor bot that was able to paint a small amount but
still had stability and vibration troubles.

Betty’s interactions and support varied across the three recordings, seemingly influenced by the
context and competing parental responsibilities. In the first video as Harper began, Betty was
sitting at the table with her, but was holding her infant son. While Betty did not offer physical
help, she asked Harper about the needed materials, explained what a motor does, helped read
through instructions, and monitored progress by asking check-in questions periodically. Betty
called out Harper for her behavior, asking her if she wanted to continue or not. Betty positioned
Harper as in charge, but Harper often looked to Betty as if to check whether she was doing things
correctly. Betty pointed out when Harper had not read or followed the instructions or told her to
stop and rethink what she was doing before continuing down that path. In these moments, Harper
was leading the activity and working independently while Betty watched and provided input. At
other times, Betty and Harper worked together more closely, such as when they tried to get the
battery and motor to work. Betty made comments such as, “I don’t know how to do this stuff” or
“We’ll have to figure it out”, followed by moments of working together during which both made
suggestions, tried out ideas, or looked for additional information in the instructions and resources
provided. Both seem to constantly attempt to balance who is in charge of the activity, with
Harper wanting to be in charge but needing support to do so. Towards the end of the first video,
Betty went off-camera to talk to Rick and do other activities. The second video occurred on a
different day and showed Harper working entirely on her own. The third video began with
Harper asking Betty for help. In this video, Betty did not have her infant son with her (he was
napping), and as a result, Betty worked with Harper in a more hands-on way. Betty emphasized
that they would need to work together to figure it out, but also shared her knowledge of



conductivity as she explained to Harper why she wanted to remove plastic from the ends of the
motor wires to expose more metal. They alternated who was more hands-on, both worked to get
the motor to vibrate, and both were excited when it did. At times, Betty worked to get Harper on
task, and at other times provided explanations for why things did/did not work. Near the end of
the recording, Betty stated, “At some point, I need to go get something done besides this”, which
indicated a shift towards finishing up the activity. Harper asked if she could try one more time
but instead Betty asked Harper questions about the bot design and how she might change it to
make it better. As Betty continued to ask Harper more questions, Harper slumped away from the
table and looked away from her Mom and the project. Betty and Rick (who was off-camera) note
that it is time for a nap. Harper agreed to be done with the project, the video ended, and there are
no more recordings of this project from this family.

Throughout this project, Betty provides mainly managerial support and verbal support, though
she also steps in to provide physical support several times. She is mostly a project manager and
facilitator, keeping Harper moving through the project while also balancing home life
management. While Harper is still designing her bot, Betty collaborates in parallel as she
attempts to figure out how to connect the battery and motor. Betty’s managerial support is partly
project related, partly behavior related, and partly family life related. Betty’s involvement and
support is interrupted by friends visiting, dinner plans, baby brother, and other household tasks.
While Betty is present for much of the activity, she is off screen and mostly hands-off but very
tuned to her daughter’s behavior and the act of recording their project work.

Gupta Family

The Gupta family consisted of Amara (Mom), Arnav (7 years), and Priya (10 years). Both
children worked on their own individual watercolor bots for the whole session (a sequence of
two videos, 48 minutes). Amara sat at the table with the children the entire time, providing
hands-on help to both children when they struggled with the available materials. Arnav finished
his design first but struggled with and was unable to attach the battery and vibrating motor to his
bot body. All three worked together to get the motor to vibrate using available resources (e.g., kit
guides, videos, internet) and trial-and-error to manipulate the motor, wires, and battery. They
wondered aloud, offering suggestions, ideas, and questions, as they built their knowledge
together. After more than ten minutes of problem solving attempts, Amara suggested, “Why
don’t we stop this video and try to figure out how to connect and then we can come back to it?”
The second video began with Amara announcing they had figured out the connection and held
the vibrating motor up to the camera as both children exclaimed in awe. Amara continued to
provide hands-on help to both children, responding to their requests when they ran into issues.
Their recordings ended after successfully testing their watercolor bots on various surfaces.
Amara ’s interactions differed between Arnav and Priya. Amara paid more attention to Arnav
throughout the sessions, possibly because Priya at one point emphasized that she wanted to do



her project on her own. Amara provided direct hands-on help to both children, but in different
ways. She would give Priya an extra pair of hands to hold her work or would give a quick
demonstration of how to do something and then step back and let Priya do the work herself.
Amara and Arnav alternated who was hands-on, such that Amara recognized Arnav’s limits
when it came to physically assembling the bot and took over the activity in those moments.
When Arnav struggled with his design or materials Amara provided more complete and thorough
help by taking his materials and manipulating them for him to achieve what he had intended.
However, while she was physically assembling the parts, Arnav continued to direct the project
by watching and providing feedback to Amara as she worked on it, at one point telling her,
“Don’t damage the wires!” When Amara noticed that Arnav was becoming disengaged when she
was hands-on, she pulled him back into the activity with a comment, question, or noting, “I’m
doing most of your work for you!”

Amara seamlessly switched her focus back and forth as needed between the kids, paying
attention to both even while her primary focus was on Arnav. Working together appeared to be a
natural activity for them, as they all seemed comfortable asking questions, making suggestions,
brainstorming ideas, looking for resources, and talking about how best to proceed. Amara
provided content support by asking questions, providing suggestions, and referring to the
resources provided. When they struggled to attach the wires, they worked together as a team,
using trial-and-error, suggesting ideas, and referring to resources (e.g., watching the provided
videos, searching YouTube). Once they resolved the battery connection, they worked together to
get the bots to vibrate and move on the paper. They shifted fluidly between who was actively
hands-on with the project and who was actively observing and commenting, with the unspoken
recognition that Arnav and Priya were the lead decision-makers on the project designs. Not only
did all three work together throughout, but they also became excited and celebrated together
when the bots successfully vibrated (even if only for a moment) and moved across the paper.
Across this activity, Amara provided physical, verbal, content, and managerial support to both
Arnav and Priya. Amara recognized the difficulty in manipulating the materials and provided
light scaffolded physical help to Priya and heavier physical support to Arnav. She asked
questions, sought resources, and guided her children through the activity, acting in ways that
could be construed as a project manager, a teacher, a co-learner, cheerleader, and consultant.

Discussion

We initially began this study looking for specific, defined roles (e.g., Facilitator, Project
Manager) enacted by caregivers when supporting their children in STEM activities in the home
environment. However, we found it challenging to cleanly distinguish between specific roles as
they often overlapped or co-occurred, as evidenced by the fluidity with which caregivers shifted
between roles as they supported their child(ren) during the micro-moments within a singular
activity. Unlike previous research, we found it more useful to describe generalized categories of



parental/caregiver support. We did observe some “roles” across the four categories of support
provided: physical support (builder, collaborator), verbal support (cheerleader, consultant),
content support (teacher, learning broker), and managerial support (facilitator, project manager).

Our goal was to identify the types of roles or supports caregivers provide while engaged in
engineering activities at home. We anticipated that the home context would influence these
supports in a variety of ways, especially as caregivers sought to balance responsibilities of being
a caregiver with their expectations of what it means to support their child in an activity or
discipline in which they are unfamiliar (e.g., engineering). Previous literature has examined
supports utilized in caregiver/child interactions in workshops [11] or in informal settings outside
of the home (e.g., museums or community science events) [22]. Researchers have interviewed
caregivers about their home support [18], [23], but few have observed home interactions with
caregivers themselves choosing when to record their activities. Below, we highlight four ways in
which we found the home context influences caregiver support.

Goals for STEM kits

First, caregivers influence the access that their child(ren) have to STEM activities, often serving
as a gatekeeper in deciding whether these activities are introduced at all. The goals may be
similar whether the activity occurs in the home or in a workshop class, museum, or
extracurricular activity. However, activities outside the home often include a facilitator or
external adult support while inside the home it is typically just internal family caregivers. When
they do choose to engage in such activities at home, caregivers often vary in their reasons for
doing so, ranging from providing enrichment beyond what their child receives in school to
providing an activity that is of interest to their child to providing an activity that serves to occupy
their child while they get something else done around the house. These goals necessitate the
provision of different types of support (or no support at all). For example, caregivers whose goal
is to engage as a family in a STEM kit (e.g., the Williams family) provide more collaborative
physical, verbal, content, and managerial support than caregivers who use STEM kits as an
activity to occupy their child while they do other things (e.g., Harris family).

Knowledge of child

Second, caregivers possess a unique knowledge of their child that most others rarely have
(though teachers do get to know their students quite closely). This knowledge spans not only the
child’s abilities and interests but also their child’s behaviors and personality. For example,
caregivers often are very aware of the ability level of their children, especially when it comes to
knowing their child’s physical limits (e.g., can they use a hot glue gun by themselves?). We saw
this exemplified in the Gupta family where Amara physically helped Arnav throughout the
project but did not provide similar hands-on support to Priya who seemed to possess the motor



skills needed to manipulate the materials. In the Harris family, Sally knew that Ethan was
capable of working on the activity independently, and busied herself with other tasks while he
worked. Caregivers also notice subtle shifts in their child’s behaviors and personality that others
less familiar with their child might not see. Cues such as being cranky or not paying attention are
much more noticeable to caregivers, who are quick to shift their support to accommodate these
behaviors accordingly. For example, in the Cadshaw family, Betty noticed when Harper’s
attention wavered and when her attitude became more negative, noting that it might be time for a
short break or a nap. Similarly, in the Williams family, when Bella became distracted by the
watercolors, Sally did not insist Bella work on the watercolor bot and instead provided her the
tools and space to paint with the watercolors and explore color mixing. When caregivers note
these cues from their child, they easily and fluidly shift their types of support and interactions to
“respond to the situation and what they believe their children need” [21, p. 667].

Parent familiarity with engineering

A third influence on the types of support provided by caregivers is their own knowledge or
familiarity with engineering and STEM. Often, caregivers feel that they lack appropriate
knowledge or skills to help their children. As such, they struggle with how to support their
children in STEM activities [19], if they provide such activities at all. In our study, we saw an
example of this in the Harris family when Sally explicitly noted that she would not be able to
help Ethan, distancing herself from the activity and more or less leaving Ethan to complete it on
his own. However, despite recognizing her own limits, she still supported Ethan by telling him
where to find help (“Go ask your Dad”). Contrary to the beliefs of caregivers, technical or
subject matter expertise is not necessary in order to support children in STEM activities [21].
Instead, lack of caregiver knowledge and the presence of an “expert” at home (as compared to at
workshops or in museums) lead families to explore topics and find information and solutions
together. We saw this in the Gupta family where Amara, Arnav, and Priya struggled to figure out
how to connect the wires. Both Amara and her children utilized a variety of behaviors and
supports as they worked together to figure out a solution, ranging from brainstorming ideas, to
physical trial and error, to looking to external resources for additional information in the absence
of a more knowledgeable “expert” to help them (e.g., watching videos of other “pseudo-experts”
completing similar activities). Working with their child(ren) in such activities can even lead to
increases in caregiver’s self-confidence with engineering and STEM activities [27].

Uniqueness of home context

Finally, the unique context of the home environment influences the types of supports caregivers
provide during STEM activities. Unlike research that has examined caregiver roles outside of the
home (e.g., workshops, museums) where the sole focus is the activity, the home environment
includes various distractions and other tasks that shape when and how caregivers provide support



to their children. Fitting STEM activities in with the other tasks that need to get completed (e.g.,
laundry, cooking dinner) posed a challenge to caregivers, who had to adjust their support to
accommodate these other tasks. We saw multiple examples of this in our study. First, in the
Cadshaw family, multiple aspects of the home environment shape the types of help Betty
provides. First, Betty is holding Harper’s baby brother during the first video, which restricts the
amount of physical help that Betty can provide. As a result, Betty provides more verbal support
by asking multiple questions and providing observations and suggestions. In contrast, in the third
video, baby brother seems to be down for a nap, allowing Betty to provide more hands-on
support than in the first video. The home environment also imposes time restrictions, such that
caregivers provide support in order to finish an activity by a certain time. Again, we see this in
the Cadshaw family where Betty indicates that friends will be coming over soon to bring dinner
to the family. As the friends’ arrival time nears, Harper struggles to get her bot to stay together
with tape. Rather than provide support to complete the activity, Betty suggests being done for
now, effectively ending the activity until another time. We also see this in the Gupta family.
While they do not seem to feel the pressure of time, they do exhibit pressure to complete the
activity successfully for the video. As a result, Amara provides various support (verbal, physical,
content, and managerial) as they seek to solve the problem (i.e., connecting the wires) and
complete a working bot. Finally, the home environment provides multiple distractions that often
must be tended to in the moment, drawing caregivers away from the activity. We saw this in the
Cadshaw family when Betty was pulled away to answer questions from Rick and to care for
Harper’s baby brother and in the Harris family when Sally and Dan were busy doing their own
activities (e.g., Dan was playing guitar, Sally was doing household tasks like laundry and
dishes).

Limitations

The current study examined four families engaged in one activity. While similarities were
observed, the four families varied in the roles enacted; a larger sample of families and/or
observing families over multiple activities over time may provide a clearer picture of the roles
caregivers take on. Additionally, the current activity involved working with electrical circuits.
Caregiver interactions and roles may differ in activities that vary in the types of materials used
(e.g., paper roller coaster kit uses paper and tape) and technical knowledge or skills needed (e.g.,
rain gauge kit involves electrical circuits and hot glue gun).

Unlike much of the existing literature that has examined caregiver roles over many weeks or
multiple activities, our study focused on families engaged in one activity across a single or
multiple sessions but only video recorded for between 38 to 66 minutes per family. We found it
challenging to identify roles within the often brief micro-moments that occurred within a
singular activity. Examining the same families at a more macro-level across multiple activities
might provide a better sense of roles that caregivers enact.



Finally, while families engaged in the kit activity in their own homes, we recognize that the
setting may not have been “natural”, especially in the sense that they were asked to record their
engagement in the activity. It was apparent that caregivers were very aware of turning on and off
the camera for the research project, often commenting on this when videos began or ended.
Additionally, families’ awareness of the camera was apparent when caregivers in a few families
announced to other family members that they were being recorded (e.g., to curtail unrelated
conversations). Finally, as apparent in the Cadshaw families, the act of being recorded seemed to
make Betty more aware of her daughter’s behavior (or perceived mis-behavior) during the
activity. This context of engaging in the activity as part of research may have influenced the
types of roles observed. Additionally, the “end” of the activity seemed artificial and differed
between the families as to how they defined being done or achieving success. Families may
have continued interacting with the activity after ending the recording. As such, we may have
missed unrecorded moments; we only were able to observe what the families chose to show us.

Conclusion

This study was exploratory in nature and reflects our attempts to examine the roles enacted and
types of support caregivers provide in an at-home context while engaged in an open-ended
engineering-related activity. We focused on the home context as it provided the opportunity to
examine caregiver/child interactions “in the wild”, namely in the home environment with all its
accompanying nuances and distractions. Understanding how these supports play out in this
environment, where families engage in unique cultural practices and ways of interacting, is
important for the development of learning and STEM activities designed to be completed in the
home. Our findings add to the conversation about how to define and conceptualize caregiver
roles and how the context/setting influences the types of supports caregivers provide. In contrast
to emerging work on caregiver support, we argue that it may be more fruitful to think about the
types of support (physical, verbal, content, and managerial) offered rather than defining specific
roles (e.g., collaborator, project manager, etc.). The fluidity with which caregivers provide
multiple types of support while engaging in open-ended projects with their child(ren) poses
challenges to identifying specific roles. Specific types of support provided are more easily
identified and can inform the design of STEM/engineering kits and activities so that caregivers
feel that they have the assistance and support that they need during these activities.

Providing engineering/STEM activities to families to engage in together at home is not as easy as
it might seem. Multiple factors influence whether families will choose to participate in such
activities at all, and with no guarantee that they will engage in them together. Families vary in
their goals for engaging with STEM Kkits (e.g., together or independently, for fun or for
enrichment), the STEM or engineering knowledge that they bring with them to the activity, and
the unique aspects of their individual home environments. Looming over all these is a factor



common to almost all families — time (or the lack thereof). Given the multitude of activities that
compete for the attention of children and caregivers, incorporating STEM/engineering kits into
these activities adds “one more thing” to often already-full family schedules. This begs the
question of how to best support families to engage in these activities together at home.

Kits and activities should be designed to include specific support for caregivers beyond simply
providing project-specific instructions that address caregivers needs. For example, caregivers
may need different types of support depending on their reasons for selecting and engaging with
STEM/engineering kits. The types of support needed by a child working independently on a kit
activity will be quite different from support needed when caregivers and children engage
together. Kits should provide information and guidance to caregivers to support the different
ways in which they might use the kit. The STEM/engineering kits present children and their
caregivers with a challenge to complete an open-ended activity that does not contain step-by-step
instructions. Parents may not be familiar with how best to support their child(ren) through such
an ill-structured activity, so additional scaffolding for parents is necessary. For example,
caregivers may need suggestions for how to support their child(ren) through moments of
productive struggle such that they foster forward progress without their child(ren) becoming so
frustrated that they lose interest entirely. Finally, we need to be intentional about how we
advertise and present these types of STEM/engineering kits to families so as to manage their
expectations. Caregivers often serve as gatekeepers for choosing which activities to introduce to
their child(ren), often choosing not to engage in activities deemed too time consuming, too
messy, or requiring too much caregiver help. When describing STEM/engineering kits, we need
to be realistic with families about the nature of the activity and caregiver support needed, but we
also need to encourage caregivers to be open to engaging in these activities and reassure them
that sufficient support for them is also included.
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