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ARTICLE

Hands- On for Whom?
Isabella Stuopis and Avneet Hira, Boston College 

Abstract Hands- on technology- enhanced pedagogies have been hailed 
as a panacea for engaging K–12 students in engineering. We unpack how the 
entanglement of the sociopolitical with the educational, namely how factors 
pertaining to resources and individual characteristics, impact engagement 
with such pedagogies. In particular, we expand upon how school funding, 
teacher preparation and support, access to out- of- school resources, and family 
background impact the in-  and out- of- school resources students have access to. 
Further, we explain how characteristics such as a sense of belonging, pedagogical 
approaches, and assumptions and gatekeeping by adults impact students’ ability 
to engage with hands- on engineering education. In doing so, we make a case for 
rethinking hands- on and technology- enhanced engineering learning for just and 
inclusive education. 

Keywords hands- on, technology, sociopolitical, makerspaces, equity

For th& l()t d&+(d&, ),-+& th& r&l&()& o. th& -(t,o-(l- l&/&l 0&1t 
Generation Science Standards (NGSS) in the United States (NGSS Lead States, 
2345), school districts across the country have increasingly included engineering in 
their curriculum, with the number of high schools offering engineering courses of 
any kind almost being doubled between 2342 and 2346 (National Survey of Science 
& Mathematics Education, 2345, 2346). While not all schools in the country still have 
active engineering courses7especially those in underresourced districts7the adop-
tion numbers are increasing. A primary vehicle for teaching engineering in schools 
is through engineering design, an “engineering approach to identifying and solving 
problems” (National Research Council, 2338, p. 9). The NGSS replaced the term 
“technology design” with “engineering design” to distinguish between engineering 
as a practice and technology as a result or a means. Often conceptualized as a pro-
cess comprising divergent and convergent phases of problem discovery and solution 
testing, engineering design is a common framework used in informal engineering 
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programs in after- school and summer/winter programs for students and is also a 
crucial aspect of several widely adopted engineering curricula, including Engineering 
Is Elementary (2323), Project Lead the Way (2325), and Teach Engineering (n.d.). 
Other aspects of engineering integration at the K–42 level include integration with 
other STEM disciplines and focusing on engineering habits of mind skills associated 
with engineering that many believe to be essential in the 24st century. 

Even though there have been attempts to distance engineering from the technolo-
gies used in and created by engineering as in the NGSS, using low-  and high- tech 
technologies in open- ended, project- based, hands- on settings is one of the more 
popular pedagogical approaches to teaching engineering in both formal and infor-
mal settings (Taylor, 234:; Weiner et al., 2346). Enactments of this can be seen in 
school, library, and museum makerspaces and more generally in engineering classes 
where students use various low-  and high- tech technologies to work through the 
engineering design process. In this essay, we refer to using low-  and high- tech tech-
nologies for engineering learning as technology- enhanced pedagogies. Our use of the 
term hands- on learning encompasses learning by doing and reflection with roots in 
constructionist pedagogy (Papert & Harel, 4884). In this short essay, we argue that for 
students to engage in such teaching and learning approaches, they need to not only 
be able to access such technologies but also have the ability to engage in open- ended 
project- based explorations. Such an ability is essentially a privilege for several groups 
of students, since they are impacted by both in-  and out- of- school factors.

Hands- on technology- enhanced pedagogies have been hailed as a panacea for 
engaging K–42 students in engineering and have certainly helped engage more stu-
dents. However, for us as a community of K–42 engineering education practitioners 
and researchers to make further progress, consideration of the sociopolitical in 
how students engage with such forms of teaching is a worthy exercise. While the 
adoption numbers of technology- enhanced pedagogies are increasing, there are 
also disparities in the distribution of school resources, availability of out- of- school 
resources, the utility of engineering pedagogies, and gatekeepers’ perceptions of 
who can do engineering. In the next few sections, we briefly unpack how in-  and 
out- of- school resources and characteristics such as students’ sense of belonging, 
pedagogical practices, and gatekeeping behaviors of adults impact who gets to 
engineer. 

RESOURCES
The resources that students have access to play a significant role in whether they can 
participate in hands- on engineering activities. This section focuses on how school 
funding, access to in-  and out- of- school resources, and students’ family backgrounds 

2https://doi.org/10.7771/2157-9288.1419



18  2024 | Journal of Pre-College Engineering Education Research (JPEER) 14:1

impact students’ engagement with technology- enhanced pedagogies in in school and 
informal learning settings. 

In- School Resources 
School funding impacts what schools can do to incorporate technology- enhanced 
pedagogies. In the US, school funding is typically linked to local property taxes and 
state and federal funding, and schools with more significant funding tend to have 
better outcomes (Baker, 2348). Factors impacting these better outcomes include 
upgraded facilities, additional extracurricular activities and programs, and better 
rewarded and sometimes better- qualified school staff.

The lowest- income schools have the highest repair needs on the existing infra-
structure ( Jackson & Johnson, 2324). Sixty percent of the schools that serve ;5= 
or more students who are eligible for free or reduced- price lunch are in fair or poor 
condition ( Jackson & Johnson, 2324, Figure 2). These schools need upgrades to many 
systems, such as their HVAC, lighting, and plumbing systems. When schools need 
to use their infrastructure funding to upgrade these systems, few resources are left to 
invest in technology- enhanced facilities such as makerspaces and upgrading class-
rooms to support the incorporation of needed hardware. Even when they invest, fear 
of breaking the technology and lack of repair and maintenance resources often keep 
educators from engaging with such practices (Bingimlas, 2338). This digital divide 
impacts in- school resources that students have access to as well as out- of- school 
resources, as we will briefly describe in the next section.

In addition to funding the facilities, schools need to be able to fund the teachers 
and curriculum to support these technology- enhanced pedagogies. Professional 
development workshops and acquiring materials can be expensive. Additionally, 
there needs to be time in the curriculum to incorporate hands- on engineering ex-
periences. The NGSS’s incorporation of engineering design into the standards has 
helped incentivize districts to incorporate these experiences into their curriculum. 
However, teachers are significantly underprepared to teach engineering. Only 5=, 
43=, and 45=, respectively, of elementary, middle, and high school science teach-
ers (usually tasked with teaching engineering) have taken at least one engineering 
course in college (Banilower et al., 2346). Even when professional development op-
portunities are present, the recent report of the National Academies of Sciences, 
Engineering, and Medicine (2323) points to how it has not been possible to assess 
the effectiveness of such programs, and their reach is limited. For the report, the 
committee commissioned the Educational Development Center to survey pre-  and 
in- service programs that offer such professional development. The center was able 
to identify 423 programs with an explicit focus on engineering design/practices, of 
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which 53 completed the survey. The conclusion was that while a majority of the 
programs focused on only in- service or both pre-  and in- service teachers, there was 
still no reasonable way to measure the effectiveness of the programs. Thus, the ability 
of schools to have access to upgraded facilities and the ability of teachers to attend 
and implement relevant professional development activities and feel confident and 
supported in maintaining and repairing technologies significantly impact students’ 
long- term engagement in hands- on engineering learning.

Out- of- School Resources and Informal Learning 
In- school activities are just one way for students to engage in hands- on technology- 
enhanced engineering learning. Many students engage with engineering practices 
outside the classroom through online resources, informal learning opportunities 
(i.e., technology camps), and extracurricular activities. Such low- stakes engagement 
significantly impacts who pursues engineering and experiences a sense of belonging in 
engineering. Below, we explain how the digital divide, students’ family backgrounds, 
and having access to extracurricular programs impact students’ engagement with 
engineering. 

The digital divide has been documented over the past several decades; however, 
it became even more prominent as the COVID- 48 pandemic moved classrooms on-
line. Despite attempts at bridging the gap in student access to technology and the 
internet, the divide persists (Hetling et al., 2322). Even after federal and state funding 
attempts to provide all K–42 students with reliable access to the internet and use of a 
computer or a tablet at home in the wake of the pandemic, one in five students do not 
have access to high- speed internet, and one in four students from lower- income back-
grounds do not have access to a computer at home (Rideout & Robb, 2324). Even 
students with a computer in their house are not guaranteed reliable access, especially 
if multiple family members need it. The digital divide, in tandem with how social and 
economic classes reproduce themselves in society (i.e., the economic prospects of 
a child are highly related to their parents’ financial standing), further broadens the 
gap between individuals who have access to and participate in technology- related 
activities and those who do not. 

Students from higher- income backgrounds can access more academic resources 
outside the home and school, such as tutors to support struggling students (Diaz, 
2348). Families with a higher- income status are also more likely to have parents pur-
suing advanced degrees who can help their children with academic concepts (Kalil, 
2349; Reardon, 2346). Additionally, these families can afford to send their children to 
summer camps that engage with these technologies. Further exacerbating this divide 
of resources, some low- income students’ time outside of school might be spent on 
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part- time jobs to help their families pay their bills. This takes away from time that 
students can spend doing homework as well as engaging in extracurricular activities. 
Further, family and community narratives of whether they see young people as doing 
STEM have an enormous impact on whether students think of themselves as people 
who do STEM or not (Avraamidou & Schwartz, 2324; Master & Meltzoff, 2323).

After school, districts are able to fund extracurricular activities such as FIRST 
and 9- H robotics, invention conventions, academic decathlon, and student clubs 
related to STEM (Ozis et al., 2346). Students’ involvement in such programs is im-
pacted by several of the factors we have discussed above, including but not limited 
to school resources, the ability of family units to provide support for students’ in-
volvement, and other priorities for students’ out- of- school time such as taking care 
of a sibling or working. Thus, access to technology and reliable internet outside of 
the school, the ability to enroll in often expensive after- school and summer STEM 
camps, and parents’ and guardians’ educational attainment impact youth’s current 
and long- term engagement with engineering. 

INDIVIDUAL CHARACTERISTICS 
In addition to the in-  and out- of- school circumstances we briefly described above, 
individual characteristics of students and educators also impact how and if students 
engage in hands- on technology- enhanced engineering learning. These include 
how students think about themselves and the contexts they find themselves in, 
assumptions that educators make about all students thriving in interactive team- 
based settings, and often inadvertent but far- reaching impacts of gatekeeping 
behaviors of adults in technology- rich spaces. 

Student Identity and Belonging
Another barrier to the effectiveness of pedagogical practices in engineering 
education is student belonging. It has been theorized that humans take most actions 
to support their sense of belonging (Baumeister & Leary, 4885), and a sense of 
belonging to a space and community, even if temporary, contributes to long- term 
beliefs of whether they belong in engineering or not (Dika & Singh, 2332). Students 
who believe in their ability to succeed with these technology- enhanced pedagogies 
are more likely to engage fully in the programs provided. Beyond just self- efficacy, 
community members can positively influence students’ belonging by recognizing 
youths’ engineering practices (Avraamidou & Schwartz, 2324). However, stereotypes 
of who are considered STEM people can negatively influence students’ belonging if 
they come from minoritized backgrounds (Master & Meltzoff, 2323). Thus, whether 
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students feel a sense of belonging to the space and community in which they are 
learning greatly impacts how they learn, and students from underserved groups 
are more likely not to feel as much of a sense of belonging to technology- rich and 
engineering spaces as students who are better served in their communities. 

Assumptions about Pedagogical Approaches
Further, while hands- on learning in engineering education has positively impacted 
student learning, we need to acknowledge that the level of effectiveness might differ 
for different students. Similarly, active learning has been hailed as highly beneficial 
for student learning; however, students from minoritized backgrounds are more 
likely to experience higher levels of stress in active learning environments than 
students who come from privileged backgrounds (Hood et al., 2323). Hands- on 
learning in technology- rich settings comprises several aspects of active learning, 
including thinking and working in teams, which requires having one’s voice heard 
and developing a rapport with one’s teammates and classmates. We have known from 
decades of research and narratives from classrooms that race relations, gendered 
language and actions, and social and economic capital present themselves in 
classrooms and learning environments, impacting how young people work with each 
other (Leath et al., 2348; Vogler et al., 2346).

Impact of Those in Charge 
Fueled by a combination of educators’ self- efficacy of using technology and teaching 
engineering as well as flawed perceptions of who engineering is for (e.g., high 
performers in math and science), we as educators may also be gatekeeping students 
outside of engineering (Kjällander et al., 2346; Manfra & Hammond, 2336; Ring, 
2324; Shinnick, 2348). Technological pedagogical content knowledge (Mishra & 
Koehler, 233:), which refers to teachers’ knowledge for supporting the successful use 
of technology in teaching, is significantly affected by teachers’ self- efficacy toward 
technology use and how easy they perceive it is to use technology ( Joo et al., 2346). 
Consequently, teachers’ technological pedagogical content knowledge impacts 
how they use technology in formal and informal engineering learning settings. 
Further, working with hands- on technologies, which often constitute the maker 
culture, has a long history of promoting exclusive behavior. Some of these behaviors 
include differentiating between those who make and those who do not (Chachra, 
2345), exacerbating gender stereotypes (Quattrocchi, 2345), and using technology 
as capital to build rifts between those who have access to it and those who do not 
(Morozov, 2349).

6https://doi.org/10.7771/2157-9288.1419



22  2024 | Journal of Pre-College Engineering Education Research (JPEER) 14:1

Thus, beyond access to resources in and out of school, factors such as students 
not experiencing a sense of belonging, assumptions about the efficacy of pedagogical 
practices especially for minoritized students, and gatekeeping by adults with whom 
students engage all adversely impact students’ engagement with engineering.

CONCLUSION
When promoting hands- on engineering pedagogies, careful consideration of who 
is being served needs to be taken into account. While there is an appeal to think of 
technology as the great equalizer wherein access to technology can itself promote 
liberatory engineering learning in K–42 settings, in this short essay we argue that 
student learning cannot be separated from sociopolitical context. It is our hope that 
this essay starts to shed light on some aspects that are often hidden in the creation 
and use of learning materials for K–42 engineering education. Considering these 
and other factors in the design and development of educational programs may help 
us consider context not just in how we frame engineering problems but also in the 
contexts in which learning takes place. 

At the beginning of this essay, we asked hands- on for whom? Unfortunately, our 
current response would be hands- on for students with high economic and social 
capital. This is often attributable to familial background, and while there are ways to 
support students from minoritized groups by appropriate pedagogies, supportive 
mentoring, and creating spaces for students to develop a sense of belonging, such 
work requires systemic change beyond pedagogy. 
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