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Abstract

To enhance how educators use robotics to support the development of STEM and

21st century competencies, we report findings from focus groups and interviews with
133 elementary teachers and 46 elementary students, 19 video-recorded classroom
observations, and a teacher survey from Ontario, Canada. We find that teachers use
robotics in a variety of ways to support the development of cognitive, interpersonal, and
intrapersonal skills. Despite the potential benefits, our participants identified several
factors that limit the adoption of robotics teaching and learning on a wider scale,
including insufficient curriculum and assessment integration, resources, and professional
development and support. We provide practical policy guidelines to support the broader
integration of robotics and reflect on how these recommendations may inform teaching
and learning in a (post-) COVID-19 classroom.

Key words: robotics, STEM, teachers, teaching, 21st-century competencies, elementary

education

Résumé

Dans le but d’améliorer la fagon dont les éducateurs utilisent la robotique pour soutenir
le développement des compétences du XXI siecle et des STIM, nous rapportons ici

les résultats de groupes de discussion et d’entretiens individuels avec 133 enseignants

et 46 ¢éleves du primaire, de 19 observations de vidéos enregistrées en classe et d’un
sondage aupres des enseignants effectué en Ontario, au Canada. Nous constatons que les
enseignants utilisent la robotique de diverses manicres pour soutenir le développement
des compétences cognitives, interpersonnelles et intrapersonnelles. Malgré les avantages
potentiels, nos participants ont identifi¢ plusieurs facteurs qui limitent I’adoption de
I’enseignement et de 1’apprentissage de la robotique a plus grande échelle. Notamment,
I’intégration insuffisante dans les curriculums et les évaluations, une pénurie de
ressources, et un manque de développement et de soutien professionnel. Nous suggérons
des directives politiques pratiques pour soutenir I’intégration plus efficace de la
robotique, et considérons la manicre dont ces recommandations pourraient éclairer

I’enseignement et I’apprentissage dans une salle de classe (post) Covid-19.
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Introduction

Researchers and policy makers stress the importance of developing students’ STEM
and 21st century competencies (Freeman et al., 2021; Kirschner & Stoyanov, 2018; Xie
et al., 2015). Robotics has been touted as one way to support the development of these
competencies, including mathematics and science learning, critical thinking, collabora-
tive problem solving and creativity (e.g., Kim et al., 2015; Mills, et al., 2013; Yang et
al., 2020; Zviel-Girshin et al., 2020). However, the promise of robotics falls short if it is
under-utilized, improperly used, poorly understood by teachers and students, given to tea-
chers with little to no training, or insufficiently tied to assessment and curriculum require-
ments (e.g., Affouneh et al., 2020; Becker & Park, 2011).

To enhance how students and teachers integrate robotics, we report findings from
a study about the implementation, impact, and integration of robotics in nine school
boards in Ontario, Canada. Drawing on focus groups and interviews with 133 elementary
teachers and 46 elementary students, 19 classroom video-recorded observations, and a
teacher survey, we summarize not only how robotics are perceived and used, but also the
factors that limit the adoption of robotics on a wider scale (Aurini et al., 2017). We then
provide practical guidelines to help education policy makers enhance the integration of
robotics and reflect on how these recommendations may inform teaching and learning in
a (post-) COVID-19 classroom.

Canadian Journal of Education / Revue canadienne de 1’éducation
WWWw.cje-rce.ca



Acquisition of STEM and 21st-Century Competencies 1144

The Changing Context of Schooling and Labour Markets

The emergence of new technologies (e.g., artificial intelligence) and transformations

in the organization of work (e.g., gig economy) are altering the landscape of schooling
and labour markets (Advisory Council on Economic Growth, 2017; Kalleberg, 2011;
Kirschner & Stoyanov, 2018; World Economic Forum, 2018). The COVID-19 pandemic
is forecasted to accelerate these trends, fueling further digitization, automation, and tech-
nological shifts (Organisation for Economic Co-Operation and Development [OECD],
2020). Despite these realities, there is “insufficient student interest in science, techno-
logy, engineering, and mathematics (STEM)” (Kitchen et al., 2018, p. 529)—a problem
that has been identified as a “pressing issue” by policy makers (Kitchen et al., 2018, p.
529). Research finds that not only are student attitudes a major factor in determining their
desire to pursue STEM (Science, Technology, Engineering, and Mathematics) courses
and careers, but that students can lose interest by their mid-elementary school years (e.g.,
Caspi et al., 2019; Maltese & Tai, 2011).

Teaching computational, digital, and technological literacy in an engaging way
at an early age can help boost interest in STEM. The use of technology is also seen to
enrich the classroom environment by fostering student engagement (see Rizk, 2018;

Rizk & Davies, 2021) and providing students with opportunities to collaborate, use their
imaginations, and problem solve (Mousa et al., 2017; Sullivan & Bers, 2016; Toh et al.,
2016). Such hands-on STEM activities can nurture “positive STEM dispositions” that can
encourage students’ continued engagement throughout their school career and beyond
(Christensen et al., 2015, p. 898).

Part of preparing students for a STEM labour market also includes fostering trans-
ferable 21stcentury competencies (e.g., Canadian Council of Chief Executives, 2014;
Kirschner & Stoyanov, 2018; Ontario Ministry of Education, 2016; Premier’s Highly
Skilled Workforce Expert Panel, 2016; Stehle & Peters-Burton, 2019). These 21st century
competencies can be broadly organized into three categories. Cognitive Skills include
the ability to understand, interpret, and solve complex problems, evaluate evidence, and
adapt and respond to changing conditions. They also include the ability to apply core
academic subjects like literacy, mathematics, science, and technology in various contexts.
Interpersonal Skills include getting along with others, the capacity to manage conflict,

and learning how to manage team dynamics. They also include effective communication
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and leadership. Intrapersonal Skills, sometimes referred to as “emotional intelligence,”
encompass skills that require individuals to take personal responsibility, such as perseve-
rance and a growth mindset (Dweck, 2007; OECD, 2018; Ontario Ministry of Education,
2016; World Economic Forum, 2016).

Robotics in the Context of Elementary Education

Robotics—whereby students learn about the design, analysis, application, and operation
of robots—has been promoted as an effective tool for developing positive STEM dispo-
sitions and 21st century skills (Zviel-Girshin et al., 2020). Robotics invites “guess and
check” and “trial and error” approaches that encourage children to problem solve, take
educated risks, and think creatively (Zviel-Girshin et al., 2020, p. 295). Since children
can observe the consequences of their decisions in real time, robotics can also “help
make abstract ideas more concrete” (Kazakoff et al., 2013, p. 246). Researchers have also
documented enhanced performance in STEM (e.g., Karahoca et al., 2011; Larkins et al.,
2013) and a wide variety of other subjects including social studies, literacy, music, and
art (e.g., Eguchi & Uribe, 2017). When used effectively, children learn how to navigate a
computer, code, or build a robot, and they also learn to use these tools to develop a wide
variety of 21st century skills. Research demonstrates that children as young as four years
old can build and program robots (e.g., Sullivan et al., 2013; see also Bers et al., 2014).
Students see robotics education as “fun” and “exciting” (Zviel-Girshin et al., 2020, p.
294). Moreover, many children have a degree of comfort and know-how with using tech-
nology in various everyday settings, which likely creates greater ease and comfort when
using robotics in educational settings (e.g., Kazakoff et al., 2013; Rizk & Hillier, 2021).
While some technology has been embraced by educators on a broader scale (e.g.,
iPads), the adoption of robotics has proven to be more challenging. Teachers often “do
not recognize the benefits of educational robotics” (Kim et al., 2015, p. 16), and in some
cases may perceive robotics as a “burden” (Zviel-Girshin et al., 2020, p. 295). Even when
teachers recognize the promise of robotics, many lack the training or skills to integrate
them meaningfully in the classroom (Kim et al., 2015; Nir et al., 2016). In fact, many
teacher education programs do not require courses that would provide candidates with
a foundation to teach robotics (e.g., Greenberg et al., 2013) and a sizeable proportion of

seasoned teachers “lack confidence in their ability to teach digital and technology skills”
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(Actua, 2020, p. 7). Not surprisingly, robotics is not widely integrated across K—12
classrooms in North America (e.g., Kim et al., 2015).

As a consequence, robotics use is often limited to after-school programs and
clubs, competition teams, and summer camps. While these options can provide an enri-
ching learning opportunity (e.g., Shah et al., 2018), participation is often limited to
students who are already interested in STEM and robotics learning (e.g., Larkins et al.,
2013). To expand its reach, robotics must shift from an “extracurricular” activity to a
mainstream tool for developing STEM and 21st century competencies in the context of

K—-12 classrooms.

Context

This article is based on a study about the implementation of elementary classroom robo-
tics in Ontario, Canada. The Ontario Ministry of Education (MOE) launched a techno-
logy and learning fund to enhance 21st century competencies and help students “become
more technologically savvy” (Ontario Ministry of Education, 2014, p. 1). In addition to
tablets, smartboards, and other devices, MOE purchased over 5,300 robotics kits from a
menu of six possible selections from four manufacturers: VEX, LEGO, fischertechnik,
and Tetrix. The available kits span a range of technical intricacy and capabilities, from
the construction or demonstration of simple machines (fischertechnik) to the design and
construction of more complicated remotely operated machines (Tetrix), all the way to
programmable autonomous robots. Given this range, decisions were made at the school
board level about which kits to purchase depending on grade levels and subjects. These
kits were distributed to every school board in the province. In some cases, school boards
used these kits to support an already thriving robotics and technology program. In other
cases, the investment made by MOE afforded school boards the opportunity to introduce
robotics for the first time. As shown in Figure 1, these kits are overwhelmingly being
used in elementary math, science, and technology classes. However, teachers also used

them in arts and language courses.
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Figure 1

Breakdown of Classes Where Teachers Have Integrated Robotics

Methods

Research Design and Participants

To investigate how Ontario elementary classrooms used robotics, we adopted a mixed-
methods research design. The Council of Ontario Directors (CODE)' identified nine
school boards that were interested in participating in our study. Each school board contact
person facilitated recruitment by identifying staft (and school sites) within their board
who support or use robotics and emailed our letter of information to those people.
Focus groups. We held one initial expert panel focus group to advise on framing
of the general focus group questions. The panel was comprised of teachers and admi-
nistrators who have extensive experience with teaching using robotics in the classroom.
We then conducted nine additional focus groups with teachers and administrators (one
per school board), for a total of 95 participants. Board focus groups were approximately
2.5 hours long and included a mixture of eight to 14 staff (e.g., IT, teachers, principles),

instructional resource teachers who support robotics, and teachers who use robotics. We

1 CODE is an advisory and consultative organization composed of the directors of each of the 72 dis-
trict school boards in Ontario; Public, Catholic, and French Language.
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asked participants to discuss current practices, what is working well, and the challenges
associated with robotics.

Classroom observations and teacher interviews. We also conducted 19 one- to
two-hour classroom observations, 11 of which were currently using robotics. We intentio-
nally included a mix of teachers and students who were using robotics in their classrooms,
and those who were not. Our comparative approach allowed us to systematically examine
whether there are observable differences in student engagement between classrooms with
and without robotics. Speaking with teachers who did not use robotics also provided us
with valuable insights into the perceived barriers to utilizing robotics in classrooms.

Pre-and post-observation interviews were conducted with these classroom teachers
to identify “look fors” during the observation (pre) and to reflect on what we observed
(post). Our observations were video-recorded, allowing us to capture various dimensions
of 21st century competencies such as collaboration (e.g., through negotiating ideas), flexi-
bility (e.g., through openness to alternative perspectives), creativity (e.g., expressing a new
idea), problem solving (e.g., developing a plan), and mathematics or science literacy (e.g.,
use of appropriate computation strategies). During the post-interview, we reviewed the vi-
deo footage with the participating classroom teachers. They reflected on what we observed,
pointed out interpersonal dynamics that we may not have been aware of, and discussed
their perceptions of robotics and other technological tools. The teachers’ professional ex-
pertise was critical and helped identify evidence of 21st century competencies and whether
or how robotics enhanced classroom teaching and learning and student interactions.

Student focus groups. At each observation site, we also conducted six 30-minute
focus groups with junior and intermediate students who were enrolled in classrooms
using robotics at the time (one per school). In total, 46 students participated. We asked
students to describe how robotics are used in their classrooms, what they liked about
robotics, and the challenges they experienced using robotics.

Teacher survey. We also conducted a survey of 201 teachers and administrators at
six of the participating boards that were involved in the robotics program (57% response
rate). Through this survey we were able to quantify some of the issues that arose in the
interviews and the focus groups. The survey included questions about teacher and admi-
nistrator experiences, professional development and support, challenges, assessments of
the value or limitations of robotics in cultivating 21st century competencies, unrealized
potential, and considerations for improvement. Data sources and participant numbers are
identified in Table 1.
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Table 1

Data Sources and Participants

Data Collected Number Participants Type of Participant

10 Focus Groups 95 Participants Administrators and Teachers

6 Student Focus Groups 46 Participants Junior and Intermediate Students

38 Interviews 38 Participants Administrators and Teachers

19 Video-Recorded Observations 19 Classrooms 11 Classrooms Using Robotics, 8 Without
Teacher and Administrator Survey 201 Participants 57% Response Rate from 6 Boards

Overview of Procedures

We engaged in a multi-staged consent process. For the focus groups, our school board
contacts identified potential focus group candidates. Once we had a list of potential can-
didates, the research team sent them a letter of information asking them to participate.
Interested participants contacted the research team directly. All focus groups took place at
the school board headquarters.

For school observations and interviews, a letter of information was sent to princi-
pals whom our board contacts had identified within their existing networks of schools that
were currently engaged in robotics. Second, interested principals distributed the teacher
letter of information to suitable teacher candidates within their school (one teacher who
used robotics in the school and a same-grade teacher who did not). Third, interested tea-
chers contacted researchers directly to participate in observations and interviews. Fourth,
consenting classroom teachers then distributed a letter of information and consent to
parents to recruit students for observations and focus groups. Participating classroom tea-
chers collected consent forms. Fifth, once we had a list of students who received consent
from a parent/guardian, we reviewed the protocol and asked students for their consent
on the day of the observations and focus groups. Only students who received permission
from a parent/guardian, and who gave their consent, participated in the video-recorded
observations and/or focus group.

Transcribed interviews and video recordings were imported into NVivo 11. To ana-
lyze the data, we developed a codebook and worked closely with a small group of research
assistants. Codes were created based on pre-existing theories and themes such as robotics,
21st century competencies, and also as our understanding of the data grew. In this article,

we draw from the descriptive codes that described the characteristics of the data (e.g.,
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99, <¢ 99, ¢¢

“21st century competencies”’; “collaboration”; “professional development”). To examine
how robotics potentially supports the teaching and learning of 21st century competencies,
we used insights from nodes such as “Benefits of Robotics,” “Reasons they Adopt Robo-
tics,” and “Student Engagement.” Our analysis also captured evidence for the three 21st
century pillars: cognitive skills (e.g., evidence of problem solving), interpersonal skills
(e.g., examples of students giving constructive feedback to a partner), and interpersonal
skills (e.g., perseverance, willingness to take risks). The challenges teachers and students
noted are captured by several child nodes, including “No Support” to describe little to no
resources, while “Lack of Coordination” describes the realities of having little to no coor-
dination between the ministry, school board, and schools about implementing and asses-
sing robotics. “Lone Wolf” captures teachers who described having little to no professional
networks at their school or board to support robotics. We also include responses from
group activities conducted during the focus groups (e.g., think, pair, share) and analyzed
the survey data descriptively, with the goal of quantifying some of the themes that arose in
the qualitative data with a broader sample of teachers and administrators.

The survey was administered after the majority of other empirical data were
collected. This enabled us to develop questions to quantify many of the issues that we
were identifying in the qualitative work, and to test, refine, and improve the design and
implementation of the survey. We worked closely with nine boards to collect sampling
frames for two groups: (1) teachers and administrators who were somehow involved with
classroom-integrated robotics, and (2) teachers and administrators who were not. Ulti-
mately, three of the nine boards were not able to provide a sampling frame or a suitable
alternative, and so were not included in the survey data collection. For the remaining six
boards, we sent invitations to participate in the survey to all teachers and administrators
who our board contacts identified as being involved in classroom-integrated robotics
within their board. Of the 350 people identified, 201 completed the survey, resulting in
a 57% response rate. In addition, we sent invitations to participate in a shorter version
of the survey to a stratified random sample of teachers and administrators who were not
involved in classroom-integrated robotics. Unfortunately, the response rate for this set
of teachers was too small to use. Although one of the key objectives of the survey was
to quantify issues that were coming up in interviews, focus groups, and observations,
we also asked participants to answer some more qualitative, open-ended questions. We

included their responses in our qualitative data analysis (Aurini et al., 2022).
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Results

How Robotics Can Support the Development of STEM and 21st-
Century Competencies

...it’s a hands-on project that helps children at a young age to see what
engineers can do and see what new jobs are for the 21st century — Grade 7
student

Teachers describe robotics as a powerful tool to facilitate the development of STEM and
21st century competencies. In nearly all cases, they did this without our prompting. In the
survey, however, we explicitly asked teachers about how useful they considered robotics
to be in helping cultivate specific skills. Figure 2 provides an overview of their responses.
For each competency, the 201 teachers we surveyed—all who have used robotics in their

teaching—ranked the usefulness of robotics on a 5-point scale.

Figure 2
Teachers’ Perceptions of How Useful Robotics Is in Helping Cultivate Skills
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Cognitive Skills

It’s a good experience. We’re like engineers. — Grade 7 student

The “digital age” necessitates improving children’s technological literacy for future
educational and employment opportunities (Elkin et al., 2014). Teachers made explicit
connections between robotics and cognitive skills. They saw robotics as “hands-on” and

an “engaging way to do problem solving.” As one teacher explained,

Problem solving and resiliency is what coding and robotics really helps
students develop. They get over that idea that it’s not going to work the first
time, and it might not work the 95th time. But eventually it will work if you
keep fighting through it. Teaching kids about mindset and resiliency is going

to lead to success in life, and robotics is one way to do that.

Similarly, students told us that robotics makes math “fun” and relevant, and challenges
them to “think outside the box.” As one student explained, before robotics he did not
think math was useful. Teachers described how robotics provides students with the “im-
petus to learn” math, science, and language skills. As one instructional resource teacher

explained,

We’ve seen in lots of schools that coding robotics often triggers kids to rea-
lize that they need to learn math and science and language skills. “So now I

want to code this robot and I don’t know enough about perimeter.”

Our observations support what teachers and students told us. We observed
students making mathematical conjectures, forming predictions, explaining their reaso-
ning, and constructing arguments for taking a particular approach. They used “guess and
check,” documented and graphed their progress, journaled, and presented their work to

classmates (see Figure 3).
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Figure 3
Grade 4 Estimation Challenge

Along the way, they encountered a variety of problems. Parts were sometimes missing

or not working, they sometimes had to build their robot using other pieces, the coding
had to be continually adjusted, and the assignments often proved to be very challenging.
However, students remained highly engaged, perseverant, and determined to come up
with creative solutions. The following video-recorded excerpt is representative of the
conversations we had with students. In this example, a student is explaining the problems

his group encountered during the “parallel parking” challenge using a robot.

Student: In the programming, um, my group had a struggle with this. We
put it at ninety degrees, but then it wouldn’t go ninety degrees, so we had it
go one-eighty degrees to make it turn ninety degrees.... What we did was
we made a chart in our graphs, and we wrote down how many rotations...
how many centimeters [were] in one rotation. We figured out there [were]

15 centimeters in one rotation.

Researcher: How did you figure that out?
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Student: We put our robot on just one rotation, and it went one rotation.

When we looked at it, it was only 15 centimeters. We measured it.

In another classroom, the teacher asked students to estimate how many grams
their VEX robot could lift with its claw using objects in the classroom. Each group pres-
ented their estimates to the class, followed by a demonstration. One group’s robot tipped
over. The entire class got involved in trying to solve the problem, with several students
calling out “you need a counter-weight!” After some experimentation (and lots of delibe-
ration), the group adjusted their estimation and found a lighter object that would not flip
over the robot.

Interpersonal and Intrapersonal Skills

I like it because it also helps us with collaboration because we have to work
as a team in order to succeed with the challenges. Everyone has a role in
my group. Yes, we work together really [well] and we end up getting the
challenges completed. It is fairly easy because of our teamwork. — Grade 5
student

Robotics presents students with opportunities to hone interpersonal and intrapersonal
skills. The complexities of building a functional robot and completing the assignment
demand that students work together effectively. We observed students negotiating their
roles (e.g., who will document progress, who will build the robot, who will create a pres-
entation) and distributing the workload among team members. Students debated, listened
to group members, and tried to understand why a member wanted to take a particular
approach. As one teacher explained, he has witnessed “incredible perseverance on a task™
and opportunities for children to engage in meaningful collaborations and “deep, rich
conversation...that kids don’t always experience in a regular classroom.”

We also observed students working through various problems with a high degree
of focus and determination. The robot and the coding rarely, if ever, work the first few
times. In one classroom, we watched primary students try to code a Dash to follow a
square on the floor. We observed students moving their robots back to the starting line
to “try again” over and over. However, the “hum” of the classroom was positive. Throu-

ghout the period, students worked together, shared ideas, debated, and engaged in repea-
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ted trial and error. Groups discussed what they thought went wrong, why, and how it
might be resolved.

The relatively “low stakes” of trying a new approach (e.g., changing the code)
readily allowed a variety of ideas to be tried out. As one teacher described, there is a
“huge amount of collaboration and trial and error.” She also discussed how the “hands-
on” nature of robotics engages students who struggle to complete pen-and-paper assign-

ments.

I just gave them a bunch of blocks from the kindergarten room and chal-
lenged them: “What can you do?” They’ve come up with mazes, and with
different things to maneuver the blocks. There’s been a huge amount of col-
laboration and trial and error.... They are engaged. They love it. The kids
who may have a hard time focusing [and] are not interested in traditional
paper-and-pencil or reading, they are totally hands on with it. So that’s been
a huge bonus, I would say, for collaboration and team building and trial and

error, and not giving up on those types of growth mindset activities.

The nature of robotics also reduced opportunities for any one student to do all the
work. There are simply too many moving parts (literally and figuratively) for any indivi-
dual to avoid contributing. We observed students moving from one role (e.g., coding) to
another (e.g., graphing progress). As one teacher summarized, “I think that’s what robo-
tics allows us, is because it’s not just the programming, it’s the building, and the collabo-
ration and the interactions.”

In sum, our data suggest that when robotics are used effectively, they can sup-
port the development of STEM and 21st century competencies. Three other benefits also
emerged from our data. The hands-on and collaborative nature of robotics facilitates a
high level of student engagement and a positive atmosphere in the classroom. Teachers
told us that behavioural issues are greatly reduced or “disappear” when they use robotics.
Robotics are also touted as an effective tool to reach different learners. Teachers told us
that robotics “allow for differentiation across a grade quite easily” by varying the task
according to different students. Finally, teachers also attribute social benefits to robotics
inside and outside the classroom. According to many of the teachers we spoke to, robo-
tics encouraged students to engage with other children outside of their regular friendship

networks.
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Challenges of Supporting Robotics Classroom Teaching and Learning

Technology has been credited with improving children’s learning, including in collabo-
rative problem solving, mathematics, and science (Barreto & Benitti, 2012; Mills et al.,
2013). While our qualitative and quantitative data support this assessment, we also lear-

ned the ways in which the promise of robotics can fall short.

Lack of Formal Integration: Curriculum and Assessment

...without having that specific language there, there will be teachers that will
say, “This is not in my curriculum document, I don’t have to do this, right?”

— Junior/intermediate teacher

A lack of formal integration into curriculum and assessment invites a variety of imple-
mentation challenges. In this context, teachers may perceive robotics as a “separate
entity” that takes “away from curriculum time.” They also tend not to see connections to

subjects like literacy and social studies. As one teacher said,

Integrating it [is the biggest challenge]. I think that’s where some of the
reluctance in our schools [comes from]. While there are a couple of teachers
that have really gone with it, there are others that don’t want to have any-
thing to do with the robots because, again, it’s taking away from curriculum
time. I think they don’t know how they can use robotics as a tool to enhance

the curriculum. I think they view it right now as a separate entity.

Even teachers who are open to trying robotics struggle to find adequate information or
find the time to develop lesson plans with robotics. As one teacher explained, “When I
look at those curriculum expectations, there is nothing in the documents that are very
hands on...you really have to dig deep to make that connection.” Connecting robotics
to the curriculum is particularly problematic for teachers without a prior background in
technology.

As one administrator explained, there are “lots of spaces” to integrate robotics,
but the school board needs to “help find those connections and make them more explicit.”

Without guidance, the onus falls to individual teachers to spend time during evenings and
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weekends learning how to use robotics kits and code, researching ways to connect robo-
tics to curriculum and assessment requirements, and developing lesson plans. Given that
most teachers already feel time-poor, the lack of guidance on curriculum connections is a

significant barrier to achieving teacher buy-in, as one teacher explained.

It doesn’t even have to be a separate curriculum because that’s the last thing
we need. Just something like an addendum showing us the STEAM educa-
tion [connections] that exist. These are the things you’re covering in your
class by doing these activities. That would be a huge benefit because I think

more teachers would say, “Yeah, I’ll do that. It’s not an add-on.”

Without explicit curriculum links, they tend to view robotics as an extracurricular
activity and question how to justify doing robotics or demonstrate learning outcomes to
parents. The following conversation from a focus group with teachers and administrators

is representative of what participants communicated to the research team.

Teacher 1: Teachers find the robotics and coding really valuable. It touches
on most of the math and critical thinking and perseverance, but they don’t

get any specific report card comments from the robotics or the coding.

Teacher 2: A lot of the teachers say, “That’s great that you’re doing it but

what are we doing on our report card?” It is a constant theme.

Teacher 3: You’re right: it covers many, many things. So teachers often say,

“Well, how can I put it on my report card?” It’s always a bit of a stretch.

Logistical problems concerning how to assess robotics also bring up larger ques-
tions regarding what should be assessed in the first place. As one senior administrator
who is responsible for promoting technology in his board explained, “There’s a gap

between what we value and what we measure.”

There’s a larger issue around assessment...teachers and parents say they
value certain things in their kids. They want them to be critical thinkers,
problem solvers. They want them to have all those skills but then we...don’t

measure that. We measure something else and so there’s a gap between what
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we value and what we measure, and I think that is where the frustration
comes because you’ve got teachers who say, “I value those things, but |

need to measure math so I can put it on the report card.”

Without formal integration, the development of robotics initiatives often rests on a hand-
ful of “trail blazers”—individuals who champion robotics to their colleagues, seek out

resources, and devote time to mentoring other teachers.

Resources and Time

That is my biggest stumbling block. I don’t have enough [kits]. The Grade
1/2 kids, they dive into it and eat it up and they want to code. But I have
three LEGO WeDo kits for 22 kids. The feasibility of making that work well

is almost impossible. — Teacher

The meaningful integration of robotics requires at least one robot and supporting tech-
nology (e.g., iPad) for every three or four students. Even when teachers have access to

a sufficient number of robots, they often run into other challenges: difficulty accessing
enough tablets or netbooks to use the kits, kits that are not appropriate for the grade
level, delays while software is installed centrally on school machines, and insufficient
Wi-Fi to download supplementary materials and documentation.

Educators also identified time as a major challenge associated with robotics (e.g.,
the time it takes students to set up the iPads to program the robots, unboxing the robotics,
setting up groups, building and coding the robot, and completing the assignment). Tea-
chers also have to build in time to dismantle and pack up the robots due to lack of space,
or when another classroom signs out the kits. Several teachers described this process as a
“race against time.” The length of time that teachers are able to sign out the kits for and
the length of a typical subject period are often not enough. In some cases, students get
their robot and coding operational only to have to store it for the next class.

Teachers also feel that there is not enough space in their classrooms or schools to
build and store the kits. In many cases the robots need to be built over a series of days or
even weeks, making it difficult for teachers to find an appropriate space for them in the

classroom. The following is exemplary of what we typically heard and observed.
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...the challenge of space considerations. Just having the space for some kits
that have a lot of different pieces. What happens when you get things set up
and you need to leave it? You can’t spend half the class putting it back in the
box and putting it back together because you may need to continue to work

on it.

To compensate for this challenge, some teachers described “carting them back and forth”
to the principal’s office, the library, or another safe place in the school. We also observed
classrooms that sacrificed significant floor space to house the robotics, leaving little to no

room for other activities.

Professional Development and Support

To encourage the expansion of robotics and increase “buy in,” teachers often need more
professional development and support. Most teachers who used robotics in our sample are
the “lone wolf” in their school. Throughout our discussions with robotics and non-robo-
tics users, “being in the dark” and having “no idea where to start” were frequent themes.
Most teachers are left to navigate the next steps on their own, even if they have a very
supportive principal or instructional resource teacher. In most cases, robotics teachers
independently found out about the robotics kits and supporting technologies, learned how
the kits work, taught themselves coding, made curriculum connections, found people

at neighbouring schools who could help them, and developed lesson plans. This story

played out repeatedly in interviews, surveys, and focus groups. As one teacher explained,

Even when I had the instructional program leader come from the board, she
had no experience with VEX. I explained I’m getting robots and I’d like to
weave it into my language and science.... So, we kind of came up with it

together. But it wasn’t like there was somebody for me to go to.

In fact, our survey data suggest that most teachers have very few colleagues they
can turn to for advice on robotics-related issues. When asked to name colleagues they feel
they can turn to for advice, 65% listed either nobody or only a single person. A further
15% listed only two colleagues. Similarly, teachers reported that very few people turn to
them for advice, and that there are very few people with whom they have had a conversa-

tion within the past year about classroom-integrated robotics.
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Overall Fragility

The challenges cited above (e.g., lack of curriculum and assessment integration, lack of
time and learning support for teachers) can result in robotics initiatives that are not firmly
embedded within schools and school boards. One important problem with the “lone wolf”
or “champion” model is that robotics programs fizzle out if that teacher leaves the school.
One principal explained that their school “lost [a teacher] because of rules about senio-
rity” and now “has nobody on staff who even expresses an interest.” Passing the torch to
someone else can be quite difficult.

My struggle all year has been trying to find people to jump on board to

help build this skillset within the staff.... We have our robotics [and all
kinds of other technology in the school lab].... It’s like pulling teeth to get
teachers there.... Every time someone comes, [the kids] love it...kids who
are begging you to be a part of that.... Bottom line is, as long as it remains
an option and an extra like your knitting club, skipping club, dancing club,
there is no way for an administrator to say, “I need you to do this. This must
be done.”

The impact of this precarity is magnified when resources are re-allocated at the
board level. As senior administrators and directors change, entire programs which flou-
rished under previous administration with strong board-wide support for robotics may be
compromised. Thus, the potential for robotics to support the development of 21st century
competencies will be vulnerable without a more systematic and collaborative approach to

building resilient programs and integrating robotics into curriculum.

Conclusions and Policy Recommendations

We propose seven policy recommendations. Each recommendation targets specific chal-
lenges identified in our research.
Recommendation 1 — Curriculum

Integrate robotics, coding, and computational thinking into curriculum documents. The

current lack of integration in curriculum documents leads to a perception among teachers
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that these are simply “add ons” or only useful in the context of STEM. To legitimate
robotics and coding as promising ways to meet a variety of learning objectives, materials

should be developed to help teachers meet existing curricular expectations in all subjects.

Recommendation 2 — Assessment

Revise assessment tools and report cards to recognize robotics as one of the many ways
of achieving curricular objectives. As one administrator emphasized, “We measure what
we value, and we value what we measure.” Our data demonstrate that more teachers
would be willing to integrate robotics and other forms of technology in the classroom
if there were explicit connections between robotics, a wide range of subjects, and

assessment tools.

Recommendation 3 - Professional Development

Prioritize professional development and support teachers in their efforts to learn more
about robotics and coding. Providing more funding, hardware, and curriculum support

is not helpful if teachers lack knowledge about effective classroom use. High-quality
professional development includes hands-on learning opportunities that allow teachers
to work with robotics kits and coding in a collaborative setting, opportunities to network
and collaborate with other teachers, and opportunities to visit other classrooms to see

new and innovative ways to incorporate robotics and coding.

Recommendation 4 - Equalize Access

Develop official channels for collaboration and sharing. Sharing lesson plans and creating
professional support groups would greatly benefit all teachers, but most particularly those
in rural and remote boards. These efforts could include the creation of central repositories
of shared materials (e.g., lesson plans, design challenges) and curriculum expectation

grids that show teachers how to map robotics and coding onto existing curricular expecta-

tions across a wide range of subjects.
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Recommendation 5 - Equity and Access

Provide funding and support to increase the equitable distribution of robotics, coding, and
other technological learning within and across school districts. Ensure that all students
have an opportunity to be exposed to robotics, coding, and technological learning at

some point during their elementary school career. To maximize student success and enga-
gement, identify those schools that have limited staff and resource capacity to support
robotics. Provide those schools with additional resources (e.g., technology and learning
consultants, staff training) and funding to ensure that classrooms are equipped with a suf-
ficient number of grade-appropriate robotics kits. Classroom robotics requires at least one

kit for every three to four students.

Recommendation 6 - Realizing Space and Resource Efficiencies

To maximize student success and engagement, provide teachers with adequate space
and time to engage meaningfully with robotics teaching and learning. Having a common
space like an “Innovation Lab,” a library, or makerspace where materials can be left out

allows for more time on task and longer, more involved, assignments.

Recommendation 7 - Nurture Strategic Partnerships

Encourage and facilitate the development of strategic collaborations that can offer pro-
fessional development and training. Some possible examples include collaborations with
other schools, school boards, post-secondary institutions, private partnership, and non-
profit organizations whose mandate is to promote robotics in education. In our study, for
example, elementary schools connected with their local high school robotics clubs. High
school teachers and students provided technical support and demonstrations. Another tea-
cher in our study partnered with a nearby post-secondary institution and was given robo-

tics kits on loan. Her students also visited the college to observe robotics “in action.”

Discussion

Stakeholders across all sectors (i.e., education, government, policy, industry) in Canada

are grappling with how to increase student “exposure and access to the science, engi-
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neering and technology fields,” prepare students for “multiple career pathways,” and

to expand teachers’ “knowledge of current and future labour market needs” (Premier’s
Highly Skilled Workforce Expert Panel, 2016, p. 62). Indeed, there is a general agreement
that a broad range of skills is needed to “achieve future-proof learning” (e.g., Kirschner
& Stoyanov, 2018, p. 3, emphasis in original). Despite these concerns (and considering
labour market opportunities), “STEM interest during adolescence continues to decline”
(Shaby et al., 2021, p. 628).

Researchers stress that it is critical to understand “implementation barriers” that
might affect students’ engagement in programs that support STEM learning (Kezar &
Holcombe, 2018, p. 864). When it is integrated meaningfully into the classroom, robo-
tics can be a powerful tool to spark students’ interest in STEM, along with developing
a broad range of 21st century skills (Kazakoff et al., 2013; loannou & Makridou, 2018;
Rizk, 2020). However, the promise of robotics falls short without proper curriculum and
assessment integration and support for emerging and existing robotics users (teachers and
students). Participants also noted several barriers to integrating robotics on a wider scale,
such as time, space, and funding, that could limit their potential. We also outlined practi-
cal policy solutions to overcome these challenges so that more educators are able to add
robotics to their teaching toolkit. An important recommendation that surfaced through
this research was the need to incorporate robotics and coding into existing curriculum and
assessment guidelines, and to provide teachers with access to high quality professional
development and technical support. Such changes would support a more equitable dis-
tribution of resources to ensure that all children could have the opportunity to engage in
robotics at some point during their elementary school career.

This study was conducted prior to the COVID-19 pandemic. The OECD predicts
that the COVID-19 pandemic will likely intensify digitization, automation, and techno-
logical shifts in the labour market (OECD, 2020). According to an assessment of eight
countries (e.g., China, United Kingdom, United States), 20 to 25 percent of their work-
forces could work remotely three to five days per week, an increase of four to five times
prior to the pandemic (McKinsey Global Institute, 2021). Business leaders estimate a re-
duction of office space and reduced business travel as companies realize the benefits of re-
mote and flexible workspaces and video-conferencing (McKinsey Global Institute, 2021).

Are schools ready for the accelerated pace of changes to the nature and organiza-

tion of work? There is good reason to feel optimistic. On one hand, the scramble to shift
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to a remote learning environment exposed existing gaps in the areas of digital and tech-
nological literacy among staff and students. On the other hand, the pandemic also created
an opportunity to revaluate how we approach the curriculum, student engagement, assess-
ment, and the development of 21st century competencies (Onyema et al., 2020). It has
also raised important questions about whether intensifying the use of technology, like ro-
botics, would allow us to pivot more quickly and meet the needs of future labour markets.
Perhaps a growing demand for more STEM skills prompted the Ontario Ministry
of Education to revise the elementary science and technology curriculum (see Ontario
News Room, 2022). Among other expectations like food literacy, the curriculum will now
include a new focus on coding (e.g., teaching students to program a robot using robotic
kits) and connecting STEM learning to real-world applications. Since the release of the
previous curriculum in 2007, there have been many significant scientific and technologi-
cal innovations—everything from smart technologies to the rise of artificial intelligence
(Al)—all of which have altered the nature of the job skills that are needed in today’s
global economy. This curriculum change comes at an opportune moment for Ontario
students to not only teach them critical skills, but to re-engage them post-COVID-19
(e.g., Aurini & Davies, 2021). We hope other provinces follow suit. While several minis-
tries across the country have made significant investments in robotics (e.g., British Co-
lumbia), developing widespread and sustainable teaching and learning opportunities for
staff and students requires aligning robotics, coding, and other technologies with curricu-

lum, assessment, and training requirements.
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