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‘I'm really big into gender equality... women s rights’ — informant

Introduction
The underrepresentation of girls and women in Science, Technology, Engineering, Mathematics
(STEM) has been a long-standing concern for many [1], [2]. Despite a tremendous increase in
women's college enrollment, men continue to outnumber women in STEM fields, and by
graduation, men outnumber women in nearly every Engineering and Science major and the
difference in majors like Engineering, Computer Science is drastic [3]. Furthermore, girls and
women did not retain their STEM majors [1], [4]. The effort of promoting STEM and robotics
education should start with early childhood education (ECE) for many reasons: reducing
negative gender stereotypes [5], encouraging women and other marginalized groups'
participation in STEM, achieving social justice purposes [6], etc. In this paper, we examine
preservice teachers' perception of STEM and robotics integration in ECE. The authors’
epistemological, theoretical, and methodological foundation of this research was informed by the
Critical Feminism.

Literature Review
Critical Feminist Theory
Critical Feminism is an ever-evolving and malleable theoretical framework [7]. Critical
Feminism, as an epistemology, methodology, and method, investigates the relationship between
knowledge production and power structures, questions the dominant ideology, and aims to
emancipate and encourage ambivalence, ambiguity, and multiplicity instead of imposing
structures and order [8]. Traditional epistemology and assumptions claim the voice of science to
be masculine and systematically exclude the possibility that women can be knowers [9].
Pretending any (social) science to be gender-neutral, misrepresenting gender, and/or omitting the
discussion of ‘gender, social contexts, and meanings’ is not power-neutral but rather
power-justifying by legitimating individualism and conservatism and allowing the racist and
sexist status quo to prevail [10]. Even though the conventional sciences claim to be objective and
value-neutral, they have grievously failed marginalized groups such as women, people of color,
and working-class people - only to name a few - resulting in further gender inequalities
compounded by racial/ethnic inequalities and ultimately the exclusion of women in power from
society [10]. The ‘truth’ can be complicit in capitalist and colonial pursuits [10], [11], [12]. What
counts as theories in the dominant community do not necessarily serve, if not harm, the
marginalized communities.

Critical Feminism in STEM Education

The underrepresentation of women and girls in STEM has been and is still a long-standing
concern for many [1], [2], a phenomenon explored by a few from a Critical Feminist lens. Kinzie
[1] reflected on their personally discouraging experience with science in college and theorized to
understand inequities in women'’s participation with four pathways: ‘nevers,’ ‘departers,’
‘joiners,” and ‘persisters.’ [13] examined STEM mentoring programs in their meta-analysis using
a Critical Feminist approach. Gender, oppression/patriarchy, challenges within institutions, and
systemic challenges were identified as obstacles for girls and women in STEM and the authors
critiqued STEM mentoring programs failed to address concerns for individuals who do not fit
into the binary gender category and the intersectional oppressions. There are many cases where
the authors apply a Critical Feminist lens without explicitly stating such commitment. For



example, informed by the typology of student resistance and work on intersectionality,
Rodriguez et al. [6] explored how Latina undergraduate students critiqued racist, sexist, and
classist structures of their STEM undergraduate education and how they engaged in community
transformation and healing. Supporting women and other minorities' participation in STEM has
implications for social justice. Similarly, valuing the lived experience of Black women in STEM
demonstrates our commitment to move beyond the rhetoric of resting the responsibility of coping
and adaptation solely on the individual levels [14]. Still, research that explicitly has a Critical
Feminism commitment is wanting. Our work aims to fill such gaps, disrupt the mainstream
discourse, and highlight the agency and intellectual contribution of our predominantly female
preservice teachers.

STEM and Robotics Integration in ECE

Participating in robotic activities was an engaging and rewarding experience for students of both
genders [15]. Sullivan and Bers [5] found that kindergarten students, regardless of gender, were
equally successful in their mastery of introductory robotics and programming. Preschoolers
enjoyed playing in the ScratchJr environment and developed fundamental programming
constructs and computational thinking [16]. Robotic manipulatives facilitate children’s
understanding of abstract ideas in a less complex and fun way and engagement in collaborative
learning and teamwork [15]. Children actualize their metacognitive and logical thinking abilities
during their interactions with computers [17]. The instant and constructive feedback feature of
some educational robotics allows for the emergence of situational awareness and
decision-making, resulting in a fuller scope of critical thinking abilities even in a chaotic
environment [18].

The effort of promoting STEM must start in ECE and continue through secondary
education, higher education, and the workplace. Integrating STEM and robotics in ECE allows
girls to foster a STEM identity from early childhood and those who do face fewer obstacles
entering the field [19]. Children as young as 4-7 years old start to form ideas about which
engineering and technology activities and materials are more suited for which gender [19].
Negative stereotypes can lower girls' aspiration to have a science or engineering career while a
growth mindset fosters their interest and achievement in math and science, which is critical for
women to persist in STEM [1], [3].

Students’ choice of STEM disciplines and courses is heavily influenced by their teachers
and parents and they are more likely to engage in STEM activities if they have had engaging
experiences of STEM activities in their classrooms [20]. As ‘the success or failure of the STEM
movement will depend on the acceptance and buy-in that schools and teachers give to the
integration of these four disciplines in an already crowded curriculum’ [21], both preservice and
in-service teachers play an important role in incorporating the STEM content and robotic units in
early childhood curriculum.

Challenges of STEM and Robotics Integration

It is not without challenges to prepare teachers, both pre-service and inservice alike, with no
STEM interest or STEM exposure to teach STEM and robotics in their classrooms. The majority
of teachers are not yet fully prepared to incorporate robotics in their teaching [22]. Papadakis and
Kalogiannakis [23] found that, although preschool teachers hold a positive attitude towards
educational robotics, they lack relevant knowledge. This is sometimes attributed to preservice
teachers’ lack of exposure to teaching with robotics in both their preservice and inservice time



[24]. Other limiting factors identified include teachers’ pedagogical beliefs, beliefs about
themselves, and beliefs about technology in integrating technology into the K-12 curriculum
[25], [26]. According to Margot & Kettler [27], while PreK-12 teachers valued STEM education,
they reported challenges on the structural and institutional level, pedagogy, assessment, and
concerns over students.

Yet such challenges can be overcome. Research has shown that preservice teachers
benefit from improved STEM engagement, especially emotional engagement, after participating
in the robotics unit in a teacher preparation course [28]. Practice integrating technology-relevant
activities using robots boosted participants’ confidence and knowledge (of teaching practice,
safety, and ethical issues) and their likelihood of incorporating more technology in future
classrooms [24]. Hands-on professional development workshop (e.g., working with LEGO and
learning about STEM ‘Big Ideas’ lessons) help teachers build technological, pedagogical and
content knowledge and foster their confidence in implementing robotics-based STEM activities
in classrooms [29].

Research Question
Limited research has been done addressing preservice teachers who receive training in robotics
and STEM education and understand their thoughts and feelings about STEM and robotics
integration in their own classrooms, not to mention one from a critical Feminist perspective. We,
along with our informants, intended to address the following research question from a Critical
Feminist Perspective:

RQ: What are preservice teachers’ perceptions of the benefits, barriers and concerns
(both structural level and individual level), and recommendations for pedagogical practice for
STEM and robotics integration in ECE?

Method
As one’s methodology of research flows with their epistemology, reflecting and clarifying our
backgrounds, epistemic goals, and commitments naturally became the very first thing to do in the
Method section, followed by detailed information on informant recruitment and their
engagement with robots and lesson design in the teacher preparation courses.

Positionalities and Rejection of Neutrality
The first author was born and raised in an East Asian country before moving to the United States
to pursue a college degree in STEM and moved on to a graduate degree in Educational
Psychology. The first author uses ‘they/she’ pronouns. The studies from which the interview
came are part of a grant to the second author, which focused on helping preservice, early
childhood teachers learn to debug block-based programming so they can teach with robots.
Through the project, we developed scaffolding to help these preservice teachers learn to debug,
and researched the effectiveness of such [30], [31], [32], [33]. But one of the critical take-aways
from this research was the importance of the positionality of the informants as prospective
teachers who were learning to teach early learners, women who are highly under-represented in
computer science and engineering, and potential role models for early learners who are just
beginning to explore computer science and engineering. The first author was very interested in
exploring this intersectionality, and thus was formed the genus of this paper.

Instead of taking a God-like perspective, we believe that researchers and practitioners are
historically and socioculturally placed and thus the knowledge generated is socioculturally



situated and not value-free [9], [34]. The authors were mindful of the impact their upbringing
and education training have on the sense-making process. Acknowledging that they were by no
means value-free, the we invited the informants to co-construct the process. We would like to
emphasize the ultimate goal, rooted in the Critical Feminist tradition, is to understand preservice
teachers' perspectives on STEM and robotics integration in ECE and potentially encourage the
participation of the historically underrepresented population in STEM. Hence, we believe that
preservice teachers’ testimonials are a valid source of knowledge [35] and here is the
commitment to ‘studying ourselves and studying up’ [9].

Reflexivity

For Critical Feminist researchers, self-reflexivity is another key component in the sense-making
process [36]. We have been constantly reflecting on questions such as ‘For whom we are
speaking? What is the nature of our interaction? How do we present our work? To whom do we
present our work?’ and every single word of this piece was carefully crafted while we made
sense of my own feelings, thoughts, and reflections throughout the process. For example, as we
read more about preservice teachers’ experiences and envisions, we were amazed by their
creativity: many chose to use robotics to teach English Language Arts and Social Science
subjects.

Ethnography-Inspired Method

The piece is heavily inspired by the ethnography method, which connotes our intention to engage
in open and honest conversions with, and more importantly, learn from our informants. We
hesitated to call them ‘participants’ as these preservice teachers interviewed were more than
participants (whom I study passively) to us. Rather, they are ‘informants’ and teachers to us [37].
We hesitated to call the interview responses ‘data’ and we have adopted the term ‘stories.” We
understood that ‘doing interviews is a privilege granted us, not a right we have’ [38] and truly
grateful for our informants throughout the process. Interview is both a process and a product. We
want to be reflective, performative, and critical and to speak from a collective point of view
‘women’ as opposed to ‘woman.’

Lastly, we recognize the intersubjectivity and the social construction of knowledge via
discourses; knowledge construction is through language and that ‘the medium of the discourse is
language, which is neither objective or subjective, but intersubjective’ [39]. The Feminist
perspective heavily influenced our reading and interpretation of the interviews. The piece is
written by, about, and for women [40] and aims to let informants’ genuine thoughts and emotions
unfold naturally.

Interview Stories

The interview stories were collected during interviews in six studies, where the context for each
study was a unique section of the same preservice teacher education course in a large public
university in the Southeast United States. Each section was offered in a unique semester.
Informants were recruited under a protocol approved by the IRB of the large public university in
the Southeast United States. To recruit informants, a researcher visited the classes, explained the
purpose of the study — to learn how preservice teachers learn to use robotics technology in K-12
classrooms from videos, lesson plans, and discussions. Informants in all six studies participated
in a robotic unit during their teacher preparation course, designed a lesson plan incorporating
robots, and completed approximately 30-minute structured interviews. In the interviews,



informants were invited to reflect on their processes of: (a) robot design, (b) robot assembly, (c)
robot programming, and (d) lesson design, as well as on the challenges they faced and how such
were overcome, and what they learned about STEM learning and teaching. As we used an
interview guide approach in which broad categories of interview questions along with specific
interview questions are specified before conducting the interview, but allowance can be made for
tailoring questions to probe deeper into areas of interest [41]. The six study cohorts share many
same or similar interview questions. There was a lot of room for clarification and elaboration
from the informants’ side. The interview audio was transcribed on a specialized online platform.

Informants

All 76 informants gave consent to participate in the study. We have the demographic information
of 75 informants. Among them, 96% self-identified as female, and 4% self-identified as male.
The racial composition is 6.67% Asian, 5.33% Latinx, 2.67% Black, 81.33% White, and 4% of
other races. Student ages ranged from 19 to 55 years old, with a mean of 20.5 years old and a
median of 20.00 years old. On average, the informants have completed 45.24 credit hours. In the
interviews, the majority of our informants expressed that they were new to programming and that
the opportunity of participating in the study was their first time seeing and working with a robot.

Activity Pictures from Robotic Units

Our informants are mostly preservice teachers who are women and not majoring in any
STEM field. We reject outright the assumption that female learners who do not major in STEM
or do not teach STEM and robotics content in their early childhood classroom have resulted from
the ‘deficiency’ of being women. Rather, it is a problem complicated by institutional and
structural factors to a greater extent. We examined the issue of gender inequity by identifying
barriers for preservice teachers on a structural level and envisioning ways to empower them and
other future female and other marginalized educators.

Understanding the Stories

The first author identified all themes and categories in informants’ responses by thoroughly
reviewing their interview stories from all six cohorts. The reviewing process took four rounds.
The second author reviewed the themes, categories, and interview samples coded.



In the first round - meaning condensation [39], the first author highlighted each
informant’s relevant responses relevant to our research question and created a document either
paraphrasing or quoting informants’ responses. Special attention was given to informants’
responses on STEM and robotics learning and teaching (e.g., how to integrate STEM and
robotics content and implement classroom activities, what are some perceived benefits and
barriers, etc.).

In the second round - meaning generation, the first author thoroughly went over the
informants’ interview stories again and revised the document created in the first round. The first
author had a good picture of all the major themes and categories in mind by the end of this round
of re-analyzing interview responses and revising the document.

In the third round, the first author went back to the interview and compared it with the
documented information again. Then, in a separate Excel file, they recorded the presence of each
theme and category and attached each informant’s interview responses in each theme marked
present. If the category was reflected in the informant’s response, the author marked the presence
as ‘+1° and ‘0’ otherwise. This process allowed them to quantify how many times in total a
category was mentioned by all informants. The purpose of reviewing each interview three times
in great detail was to uncover all the possible themes and categories and offer a holistic picture of
the informants' perspective.

In the fourth round, the first author returned to the interview transcripts and the file
documenting the relevant interview responses (in the first few rounds) and revised the coding to
ensure that they had captured all the relevant story snippets. They compared the coded texts in
this round with the selected texts in the third round and marked any discrepancies in red.

As the end goal is to have a rich description of the informants’ perspective, hence there is
a moral obligation concerning how they write. Reporting is the process where the authors hope to
bring people together. Following Kvale's [39] guidelines, when the authors reported the analysis
result in the next section, they contextualized and interpreted the quotes while making them
relevant to the general writing. The authors rendered the conversations into a readable, written
text format, and the maximum length of the interview quotes is no more than half a page. Only
the most essential quotes are presented. ‘How to dialogically engage in reading and writing and
make the piece reader-ly?” was a concern while they were writing up the piece. The goal is never
to generalize the stories. Everything we look at here is not definitive, and thus the interview and
the reporting of it has become an event, a performance.

Results and Discussion
We identified the three major themes and categories across all interviews. The three themes
identified are perceived benefits of STEM and robotic integration, perceived barriers of STEM
and robotic integration, and recommended practices from preservice perspectives. We presented
the findings discovered by how often they have been addressed by our informants in Table I,
Table II, and Table III. Next, we highlighted some insights from our preservice teachers and their
alignment (and/or misalignment) with a Critical Feminist perspective.

Table I. Perceived benefits of STEM and robotics integration in ECE

n=66 Early exposure to STEM and robotics builds a solid knowledge foundation for all
students.



n=60
n=27
n=26
n=24
n=23
n==o6

n==6

The robotic activities can increase students' motivation and engagement, because
they are fun, engaging, and have brought students joy and interest.

Early exposure to STEM and robotics can break gender norms in these
male-dominated fields.

Robotic activities are beneficial to the development of higher-order cognitive skills
(e.g., problem-solving and creativity).

Exposure to robotics and STEM in ECE informs future career choices (for both
boys and girls).

The robotic activities are hands-on and beneficial to students’ motor skills
development.

Students learn teamwork and communication skills from working on robotic
activities.

The robotic activities can grab students’ attention.

Table II. Perceived barriers of STEM and robotics integration in ECE

n=2>53
n=35
n=18
n=17
n=9
n=2

Age appropriateness of having robots in early childhood classroom:s.

Time constraints in the classroom, standards and grading, and difficulty in robotic
integration.

Lack of funding, resources, and other forms of support from local schools and
school districts.

Motivation concern (e.g., students have no interest in STEM and robotics,
frustration, non-participation).

Students who have physical and mental disabilities, resulting in an inability to
understand the STEM and robotics instructional material.

Lack of parental support.

Table III. ‘Best’ pedagogical practice of integrating robots and STEM in ECE

n=29
n=25
n=24
n=23

Teachers need to be considerate, patient, and creative.

Having students work in pairs or small groups and good classroom management is
necessary for successful STEM and robotics integration.

Teachers should break down the task into small steps and build it up step-by-step
and slowly. Clear instructions are helpful.

Teachers should partially or fully put together robots for students in ECE.



n=7 Teachers need to be proponents of STEM and give special attention to students'

motivation.

Perceived Benefit: Building a Solid Knowledge Foundation for All

Many believed that early exposure to STEM and robotics content helped students develop a
foundational knowledge base and understand the importance of STEM. Some informants
commented that once the student had built the foundation, they could keep advancing their
knowledge by various means as they proceeded on their education journey. Robots have been
shown to be successful and flexible in different STEM learning scenarios at all educational levels
[42], play a conducive role in STEM subjects learning, have the potential to mitigate a lack of
interest in STEM subjects in school [43]. Empirical evidence has shown that even in the subject
area of spatial skills where male learners consistently outperform female learners, a simple
training course can improve an individual's spatial skills dramatically, indicating that a course as
such can drastically increase female learners’ ability, confidence, and the possibility to have a
career in STEM [3]. A corollary is that an early exposure to STEM for learners of all kinds may
motivate them to learn more about the subjects of interest and stay in the field.

Perceived Benefit: Encouraging Female Students’ Participation in STEM
Many informants who self-identified as women realized that robots and STEM were not as
challenging as they thought to be and would love to integrate them into their classrooms. Many
also commented that exposing young girls to STEM and robotics was beneficial as the
curriculum was eye-opening and would give these students a sense of accomplishment and
control. These preservice teachers were very intentional when it came to how they designed their
lessons and robots (e.g., creating robots that looked like ducks and princesses) as well as how
they named their robots (e.g., using female names) to attract more females to the STEM field.
Participation in robotic programs has a positive impact on young girls’ perception of their
abilities and attitude toward engineering [44]. The gender gap between male and female learners
can be reduced by robot-assisted instructions and learning platforms suitable for both genders
and keeping the learning flow [45].

Just building up that confidence and showing them [girls] that it can be fun, and
exciting, and that they can do it, and that they can do it just as well as the boys...’

Perceived Benefit: Learning about Teamwork from Working Together

A few informants mentioned that students can learn about teamwork from working together with
robots. Robots have been implemented in after-school programs to promote learning by doing
and teamwork [46]. Robotic program fostered problem-solving in a team setting through
generation and sharing new ideas, co-construction of knowledge, and other socio-cognitive
processes [47].

The perceived benefit aligns well with the Feminist pedagogy, as collaborative learning
with robotics has the potential of transforming classroom learning into a liberatory environment
where student-student, student-teacher, teacher-student interactions act as subjects instead of
objects [48], disrupting the power dynamics in traditional classrooms.

‘I think they get communication benefits because they will be able to work together, and
communicate their ideas.’

‘If you put kids together in a group, you can learn cooperation and trial and error.’



Other Perceived Benefits: Improving Motor Skills, Attention, Cognitive Abilities and
Motivation and Engagement; Informing Future Career Choices for Both Girls and Boys
The hands-on characteristic of robotic activities is beneficial to students' active learning. Use of
educational robots in classrooms effectively grab students’ attention, as teachers’ lecturing is
much more monotonous compared to having students work with robots under proper guidance.
Mere lecturing can lead to passive learning whereas robotic units can foster an active learning
environment. In such an environment, the educators’ role is to offer opportunities for young
learners to engage in hands-on exploration and construct knowledge in the classroom
environment [49]. Furthermore, engaging with robotics has implications for learners' cognitive
and metacognitive development such as mastery of subject content, research skills,
problem-solving, decision-making, and creative thinking [50]. 26 informants reported that doing
robotic activities would be beneficial to develop higher-order cognitive skills such as critical
thinking (e.g., relational skills) and creativity.

Many of the above-perceived benefits of robots-integrated classrooms parallel those in a
feminist classroom where students integrate the skills of critical thinking and the ability to work
with others with respect. Here, we can see our informants' emphasis on critical thinking and
creativity. Critical thinking should not be perceived as an abstract analysis but as a reflective
process grounded in everyday experiences, questioning embedded assumptions and making them
explicit through dialogues [48]. In an active learning environment, the informants reject
traditional teachers' roles as authoritative figures and appreciate their students' autonomy,
creativity, and intellectual contributions to the classrooms.

Perceived Barriers (Institutional/Social Level): Lack of Funding and Resources; Time,
State Standards, and Evaluation Concern; Lack of Parental Support

Lack of funding and resources needed can deter pre-service and in-service teachers from
integrating robots into their classrooms. Many in-service teachers believed the lack of funding
and physical infrastructure hinder the application of educational robots in both primary and
secondary education and have called for school funding to support the development of robotic
projects [51]. The enormous amount of class preparation time could deter some teachers from
using robots in their classrooms. Many informants commented that, on top of the financial cost
involved with robots, it had taken a lot of time for themselves as adult learners to assemble and
program these robots, so it would probably take more time for an elementary school student to
finish the robotic tasks.

As educational standards are statements about the purposes, priorities, and goals for
education at certain grade levels [52], it is not difficult to see how state standards have dictated
the ways teachers structure and carry out their curriculum. Some informants mentioned that as
there was no standard on robotics, which meant that students probably would not get tested on
robotics and activities as such took away valuable instructional time of other subjects students
will be tested on. The lack of evaluation metrics resulted in difficulty in grading and evaluating
students' performance in robotics.

The lack of parental support (e.g., parents’ non-involvement or whose lack of the money
to purchase a robot for their kids) were also perceived as a barrier by two informants to robotic
implementation in their classrooms. Young users, parents, and teachers all need to be on board to
ensure the success of educational robot programs. These perceived barriers can all deter
preservice teachers from using robots in their classrooms.



Perceived Barriers (Student-Level): Age Appropriateness, Ability, and Motivation
Concerns

A majority (n = 53) of the informants expressed concerns about the age appropriateness
of robotic activities in ECE. For example, some younger students do not know how to use
screwdrivers to put small pieces of robots together or some students may not understand the
point of robot assembly. Some informants had reasonable doubts that robotics activities could be
challenging for kids who had short attention spans and who had physical or mental disabilities
(e.g., students who have strokes or who are rated lower on the intellectual scale).

On one hand, informants’ stories have informed us that integrating STEM and robotics in
early childhood education is never a one-size-fits-all approach: some of our informants put a lot
of effort into lesson design and instructions for both students who are already interested in and
motivated by robots and for those who have not yet developed such interests for various reasons.
On the other hand, it is our hope to make educational robots accessible for everyone, especially
for students with disabilities.

Recommended Pedagogical Practice: Teachers Should Be Considerate, Patient, and
Creative

Some informants designed lesson plans with Frozen and Angry Bird themes. Researchers need to
recognize that integrating STEM and robotics content in teachers’ curricula may not be as simple
and intuitive as it appears and will require conscious and consistent efforts on their side, which
should be very much appreciated. At first sight, such connections may seem naive and further
reify the gendered nature of STEM. But it is a critical first step for our informants to think about
robotic integration in their classroom and make the robotic experience relevant for their students.
We understand that how our informants experience and understand things around them is deeply
rooted in their everyday experiences and social positions (a presumption in Critical Feminist
theory): some believe that using Angry-Birds- and Frozen-themed robots can effectively spark
girls' interest and inspire them to work with robots and that is partially why they made such
pedagogical decisions.

Different students have diverse interests so not every single student will be interested in
STEM. Having robots in the classroom should be viewed as one of the many learning options
(instead of the only option) and can help students discover where their interests lie. Following
this line of reasoning, some informants recommend making robotic activities optional (e.g., using
robots for recess activities or after-school programs) and modifying the robot activities every
time to keep students constantly interested and engaged. The emphasis on ‘choice’ once again
aligns well with our Critical Feminist orientation: we respect students’ choices once they have
been exposed to and learned about educational robots and from there, students can choose their
own journey with it.

‘As a teacher, I would probably understand the skill level that the kids will be able to
have... We are not pushing them too hard’

‘Frozen-themed and Angry Bird-themed, to me, is something that the kids would like...
that would be something that s very relatable for them.’

‘Different kids like different things... I think I would even get kids an option like if we
have in door recess, you can get the robotics and you can work on it. You can keep it together
and next time we have been recessed you can continue to work on it... Then [students] may be
getting the option to go back after school or during play time or free time and choose which they
feel most into or excited about.’



Recommended Pedagogical Practice: Having Students Work in Pairs or Small Groups
Feminist pedagogy is concerned with building community within the classroom and believes that
the learning occurs through constructive dialogues and relationships [53]. Growing a sense of
community and care is central to the Critical Feminist pedagogy, which can be partially achieved
by having students work in pairs or small groups and building a warm and inclusive classroom
environment. Working in pairs or groups shortens the amount of time to complete tasks and
potentially reduces stress on the teachers’ side. Interaction among peers involves an exchange of
viewpoints, strategies, and skills, which can lead to self-reflection and self-regulation of one’s
own practice [54]. Furthermore, collaborative learning can lead to active and creative learning.
Learners create new knowledge when they share common goals and solve problems together and
socio-cognitive conflicts positively influence one’s structuring and verbalization of knowledge
[54].

‘It is a lot easier to pair up, because I know if I had to do it by myself, it would have
taken a lot longer than actually did. And pairing up, many creative minds can be put more into
what they will be able to do with their robot.’

Other Recommended Pedagogical Practices

The three other recommended pedagogical practices include fully or partially putting together
robots for students, breaking down the robotic task into small steps, and being proponents of
STEM and motivating their students. All three recommendations exemplify the learner-centered
approach, which has connections with other existing learning theories such as critical pedagogy
and feminist pedagogy [50]. This represents our critical attempt to theorize motivation from a
women-centered perspective with multiple flexible, learner-centered approaches to promote
equitable STEM education. Hence, there is an outright rejection of the banking concept of
education and an emphasis on autonomy as well as intellectual contributions of our informants
and their students.

Having teachers partially or fully build the robots or using assembly-free educational
robots can relieve teachers' stress yet still expose young learners to the idea of technology and
class content and foster their interest, self-efficacy, and motivation. Teachers, though not
necessarily having to be experts in STEM and robotics, need to be proponents of STEM for their
students and motivate their engagement, especially girl learners, in subject areas they have never
been exposed to. Examples our informants mentioned were to help their students see the
importance of STEM (task-value), encourage their participation, and have teachers themselves
being proponents of it. It is only through teacher encouragement and open-ended tasks that
becomes possible an active participatory culture that fosters students’ interest and creativity in
educational robotics [55]. When given age-appropriate technologies, children engaged with
education robots and even took their first step in developing technological fluency and
computational thinking [56].

‘It might be okay to show them already made and programmed, and give a little intro to
it. But probably not the best for actually building it and programming it.’

‘It would be cool if we worked with a program online for girls who could not code, like
an hour of code everyday... Little stuff like that I could incorporate in class.’

‘I think they [teachers] should be motivated by it, I don 't think they have to be experts at
it necessarily... They have to be proponents of it, and be like “engineering is really important
and you can do this!” and “math is really important, you can do this!””



Conclusion
Our informants' responses have indeed shed light on some of the best critical feminist
pedagogical practices to integrate robots and STEM in ECE. The informants highlighted many
pedagogical practices beneficial to the development of students’ creativity and critical thinking,
with the potential of transforming their classrooms into an inclusive and collaborative
environment for all as well as social justice purposes. We noted that, however, half of the
perceived barriers were on the structural or institutional level: the districts and schools lacking
funding and necessary resources for STEM and robots, parents may not necessarily be supportive
of robot integration, and teachers need to teach according to state standards and the
testing/evaluation are already stressful for them. At the moment, much of the responsibilities are
still on the shoulders of both preservice and in-service teachers. Structural and institutional
barriers are still present and can potentially deter ECE teachers from implementing STEM and
robotics content in their classrooms.

Then the question remains: How can we shift the burden? From a Critical Feminist
perspective, we learn from listening to and giving voice to our informants, understanding their
intentions and where they lead us to, and embracing their actual life stories. Through
self-reflection, we gauge how we can do better to support both preservice and in-service teachers
to integrate STEM and robots into their daily curricula.

Recommendations for Future Research

We call for support for preservice and in-service teachers that is sustainable and does not rely on
continuous grants. One way of support would be helping preservice and in-service teachers see
how robotic activities can be connected to existing curricula and standards and how they can be
used to facilitate the teaching of relevant subjects instead of adding another to-do item on their
already packed lesson plan. With these goals in mind, we call for researchers and practitioners
alike to create a more equitable and inclusive learning environment for all.
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