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Exploring Teacher Perspectives of STEM Outreach Sessions

Abstract

Teachers have a responsibility to create and foster engaging learning environments which encourage
underrepresented persons in Science, Technology, Engineering, and Mathematics (STEM). Outreach
programs have been shown to increase STEM engagement of students. We use a positive psychology
lens to investigate STEM outreach and teacher wellbeing. This exploratory study uses a survey and focus
group to assess how a STEM outreach program can create teacher feelings of support, confidence, and
enjoyment. Results demonstrate that most teachers felt more confident in teaching STEM following the
STEM-mentor facilitated outreach sessions. The positive benefits to teacher wellbeing from outreach
program mentorship, is discussed.
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Introduction

This study assesses how the experience of engaging in hands-on classroom outreach sessions in
Science, Technology, Engineering, and Mathematics (STEM) contributes to teachers’ confidence
in, and enjoyment of, teaching STEM. This study is part of a larger outreach project aimed at
improving underrepresented students’ experiences in STEM. We designed a series of hands-on
STEM classroom sessions that were delivered by STEM mentors. This paper reports on the
findings of a survey distributed to teachers after the classroom sessions and a focus group to
examine teachers’ experiences of the hands-on activities and their interaction with the STEM
mentors.

The specific aims of this study were to assess teachers’ feelings of support, confidence,
and enjoyment teaching hands-on STEM following participation in outreach sessions. In this
study, we found that teachers can increase their sense of wellbeing, in relation to STEM
teaching, as they engage in positive experiences designed to improve their sense of support,
confidence, and enjoyment. Our positive approach to STEM engagement is different from other
studies that focus mostly on barriers to teaching STEM or barriers to student STEM
development. We draw on positive psychology research that focuses on positive thoughts and
emotions, including wellbeing and happiness, that lead to positive actions and the ability to
thrive (Fredrickson & Branigan, 2005; Seligman, 2011; Seligman & Csikszentmihalyi, 2000).
Focusing on positive aspects of what educators need to succeed in their professional practice and
personal experience, may provide insights on how specialized support creates more engaging
classroom experiences which are valuable for increasing interest in STEM.

Literature Review

The aim of this study was to assess teachers’ sense of support, confidence and enjoyment
following engagement with hands-on STEM lessons. In the next section, we offer a brief review
of literature on both the importance of teachers in improving student engagement in STEM, and
teacher wellbeing. Here is where we identify the focus of this study on teacher confidence, sense
of support, and enjoyment in STEM teaching experiences.

Importance of Teachers for improving STEM engagement

Many students face barriers to STEM participation, such as the opportunity to attend specially
designed STEM programs or having access to STEM role models due to resource and
geographical constraints (Duodu et al., 2017). Most girls will experience STEM through school
settings where student experience is dependent on teacher effectiveness (Deemer, 2004; Nathan
et al., 2010). Teachers have an influence on increasing awareness and interest in STEM from
their early years through to the end of secondary years. Providing exposure to STEM
opportunities (Blickenstaff, 2005), specialized STEM programs (Mosatche et al., 2013) and
interaction with confident STEM role models (Fuesting & Diekman, 2017; N. Aish et al., 2017;
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Saville et al., 2023; Shin et al., 2016) in traditional school settings, has the potential to increase
girls’ interest in STEM fields and learning.

Research suggests, as an example, that exposure to math and science has a stronger effect
on students’ interest and engagement in STEM than their achievement in math, “which was once
deemed the single best predictor of students’ future STEM entrance” (Wang, 2013, p. 1107).
Early exposure in primary and elementary school is an effective method for increasing the intent
to study STEM (Blickenstaff, 2005), and long-term interest is achieved through environments
and activities that stimulate curiosity (Eccles & Wang, 2016; Halpern et al., 2007; Saville et al.,
2023).

Role models are another positive influence for increasing interest in STEM. Connecting
with someone who “can positively shape a student’s motivation by acting as a successful
exemplar” (Gladstone & Cimpian, 2021), who has achieved success in math and science (Lin,
2016; Prieto-Rodriguez et al., 2020; Zeldin & Pajares, 2000) has great impact on girls’ interest
and engagement. Not only do role models influence interest, but also career choice (Quimby &
De Santis, 2006). It is important to note that not all role models will positively impact students
(Kim & Sax, 2018), particularly if they are not confident in what they are teaching. Research on
STEM role models discusses the importance of demonstrated confidence in STEM concepts, to
successfully interest girls (Gladstone & Cimpian, 2021; Nathan et al., 2010). Additionally,
teachers’ statements and beliefs relating to the relevance of science changes students’ views of
science (Schmidt et al., 2019).

Research on STEM engagement for students is largely focused on remedying deficits or
overcoming negative states of learning, such as math anxiety, lower confidence, lack of role
models, and less early exposure to STEM learning (Ashcraft, 2002; Leaper et al., 2012; Shin et
al., 2016). Research also shows that negative mindsets or beliefs about STEM extend to the
classroom through teachers who experience math anxiety (Beilock et al., 2010) creating learning
environments that may inhibit interest in STEM (Mosatche et al., 2013). Countering this trend, in
this study we focused our approach on a positive intervention aimed at increasing confidence,
support, and enjoyment in STEM teaching.

Teacher Wellbeing connected to STEM teaching

Teachers in elementary grades are often generalists, and many do not have specialized STEM
training. As such, teachers in these grades can often have decreased confidence in teaching
STEM topics (Dare et al., 2018; Ling et al., 2020). Many teachers experience stress due to
increasing expectations to use technology (Fernandez-Batanero et al., 2021). This creates a
situation where teachers are not familiar with, or confident in, the subjects or classroom learning
tools. This is an issue for both the teacher and students as doubtful role models have a negative
impact (Marx et al., 2013). For example, for STEM programs to be successful in engaging
under-represented persons in STEM and building interest and confidence, facilitators must be
comfortable with STEM (Mosatche et al., 2013).

Teacher confidence in STEM can also have an impact on their own sense of wellbeing.
For teachers to project themselves as confident, curious, and knowledgeable in STEM they must
have a sense of wellbeing. Teacher wellbeing has a positive effect on teaching practice and
student learning (Turner & Theilking, 2019). Typically, research into teacher wellbeing begins
with questions relating to teacher professional development (Huang et al., 2022), pedagogical
content knowledge (Ling et al., 2020), avoidance of negative outcomes such as demanding
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workloads, (Yin, Huang & Wang, 2016) or burnout (Antoniou et al., 2013). There are increasing
numbers of studies on teacher wellbeing, and teacher wellbeing related to student learning, but
there is a knowledge gap in in how interventions designed to increase student engagement in
STEM influence teacher wellbeing.

Researchers use a variety of measures of wellbeing. Caprara et al., (2006) measures self-
efficacy beliefs and job satisfaction, and Duckworth et al., (2009) measures grit, life satisfaction,
and optimism. Despite “broad agreement that wellbeing should be conceptualized as a
multidimensional construct, there is little consensus about how wellbeing should be defined,
potentially hampering the development of a concise theory and precluding good practice using
evidence-based knowledge” (Hascher & Waber, 2021).

Seligman’s PERMA Model (2018) defines wellbeing as a construct including positive
emotions, engagement, positive relationships, meaning, and accomplishment, to create a picture
of wellbeing without having to rely on one definition. Thus, wellbeing can be measured using
component factors.

Wellbeing includes engagement, positive relationships, meaning, and accomplishments
(Seligman, 2011, 2018). In a classroom setting this means teachers will experience wellbeing
when they feel supported, have resources, and are confident in, and enjoy, the topics they teach.
For this study we focus on confidence, support, and enjoyment as factors contributing to teacher
wellbeing in relation to STEM teaching.

Research Question

Herein, we focus on a strength-based, positive approach to discover ways in which
educators successfully experience wellbeing in relation to teaching STEM. Specifically,
perceived feelings of support, confidence, and enjoyment. We suggest that STEM teachers who
feel supported through training or professional learning, have access to resources, are confident
in science and math, and enjoy teaching activities, will be more likely to create environments
where girls develop interest in STEM. The objective of this study was to determine how teachers
experience improved wellbeing through positive feelings of support, confidence, and enjoyment
through participation in STEM outreach activities and mentorship sessions.

Methodology

Context

The study was conducted with K-12 teachers in British Columbia who participated in hands-on,
in-person STEM outreach sessions that were designed and facilitated by STEM mentors. The
outreach sessions were co-created with teachers and piloted in a few classrooms the year prior
(2021/22) to the study. The mentors were science professionals, trained in providing hands-on
STEM activities and student engagement.

The goal of the STEM outreach program is to offer teachers support to positively
influence learners, and ultimately improve STEM experiences for all students, and particularly
for underrepresented students in STEM. To achieve this aim, STEM outreach sessions include
four hands-on in-person sessions during which STEM mentors model teaching and learning
practices, provide all materials required, and follow-up with copies of the lesson plans for
teachers’ future use. The sessions embed STEM into the curriculum. The purpose of each session
is to increase interest, engagement, and enjoyment through hands-on STEM learning activities.

Published by PDXScholar, 2024
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This study was conducted over the 2022-2023 school year. Teachers from two school
districts in British Columbia who had participated in at least one STEM outreach series were
invited to complete a survey designed to examine their sense of support, confidence, and
enjoyment of teaching STEM through these experiences. A question at the end of the survey
asked respondents to provide a contact email to arrange focus group participation. The study was
approved by Institutional Review Board (H22-02601).

Survey

The qualitative survey asked questions about participants’ perceived feelings about
participation in the outreach sessions, including personal reflection regarding experience of
support, confidence, and enjoyment in teaching STEM.

The survey questions were informed from previous work on teacher wellbeing in schools
(Cherkowski, 2018; Seligman, 2018; Selvaraj & Subramoniam, 2023). We extended Seligman’s
conceptualization of support to include the support felt by using prepared STEM teaching
resources. In addition to social support predicting engagement (Orgambidez-Ramos & de
Almeida, 2017), we include job-related resources which have been shown to influence wellbeing
and engagement (Bermejo-Toro et al., 2016).

Focus Group

The survey results were further explored with a semi-structure 90-minute focus group
using guiding themes, and then followed-up with questions or comments presented by the
attendees. To determine the positive factors that would support the teachers in feeling more
confident after the sessions, and to discover what future support they believed would help, we
developed guestions asking teachers to expand on their responses to the surveys. The questions
asked were:

What makes you feel engaged in teaching STEM lessons?

How do you think enjoyment relates to student engagement?

How and why do you feel supported during the outreach programs?

What do you think contributes to your sense of confidence in teaching STEM?

Focus group conversations were transcribed and inductively analyzed using the constant
comparison method (Johnson & Christensen, 2019) with information classified into categories
that emerged through analysis. Asking the focus group participants about confidence, support,
and enjoyment revealed themes of access to types of materials needed to feel support, how role
models increased confidence, and how integration into non-STEM subjects increased STEM
teaching enjoyment.

Results

Teachers in K-12 classrooms who participated in the in-class, in-person, STEM sessions were
surveyed. Emails were sent to sixty-seven participating teachers and thirty-six responded (54%
response rate). Over half of the respondents were from kindergarten to grade three, grade levels
(Figure 1). The teachers were ninety percent female and ten percent male.

https://pdxscholar.library.pdx.edu/nwjte/vol19/iss2/3
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Figure 1.

Teachers by Grade Level

11%

32%
57%

= Kto3 4to6 m7to10

The average years of teaching was 8.14, however, for those same teachers, the average
years of teaching STEM was 4.24. Only three of the thirty-six respondents were STEM-specific
education trained. The teachers responded favorably to most questions (Table 1), except for
having support.

Table 1:

Response Frequencies

N=36 Strongly Somewhat Somewhat Strongly
. Agree (%) Agree (%) Disagree (%) Disagree (%)
Question
Gegerally, I enjoy teaching STEM 60.4 30.6
topics
Ienj int ti ith th
enjoyed my interaction with the 917 2.3

outreach team

I will be able to engage the
students using the outreach 75.0 25.0
provided lesson plans in the future
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Generally, I am confident teaching

STEM topics 38.9 58.3 2.8

I feel my students learned the

STEM topics well 66.7 30.6 2.8

I will be more confident teaching
this topic using the outreach 75 22.2 2.8
provided lessons plans in the future

I will enjoy using the outreach

80.6 19.4
provided lesson plans in the future
I get support to create and teach
5.6 61.1 25.0 8.3
STEM lessons
I h h TEM
support others and share S 13.9 750 11
lesson plans and resources
This experience made me feel 20.6 16.7 )38

supported as a teacher

Feelings of Support

Only 5.6% of the teachers strongly agreed that they get support to create and teach STEM
lessons with 61.1% somewhat agreeing. In contrast, Figure 2 shows 80.6% of the teachers felt
supported by the STEM outreach experience. This change in feelings of support demonstrates the
positive impact of the mentors and how, as few as four outreach sessions, can be beneficial.
There was no difference in feelings of support between those with more experience teaching
STEM than those with less, suggesting that all teachers would benefit from more support.

https://pdxscholar.library.pdx.edu/nwjte/vol19/iss2/3
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Figure 2.

Feelings of Support

90.0%
80.6%

80.0%

70.0%

2 61.1%
L 60.0%
oy
Q 0,
2 50.0%
g
=< 40.0%
3
2
s 30.0% 25.0%
X 20.0% 16.7%
0,
10.0% 5.6% 8.3%
2.8% o
] o
0.0%
Strongly Agree Somewhat Agree  Somewhat Disagree  Strongly Disagree
B General Support Outreach Support
Confidence

Most teachers feel confident teaching STEM; 38.9% strongly agree, and 58.3%
somewhat agree. There is an increase in, strongly agree 38.9% general confidence teaching
STEM to 75.0% more confident when using STEM outreach lesson plans. This suggests that
36% of participants gained confidence after the mentors demonstrated the sessions. The teachers
that were still not confident remained at 2.8% indicating a consistent lower confidence with
STEM. Of the teachers who had STEM degrees, 83.3% strongly agreed and 16.3% somewhat
agreed they would be more confident using the outreach lessons. This positive response from
those with STEM backgrounds demonstrates the positive feelings created by the mentors.
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Figure 3.

Confidence

80.0% 75.0%

70.0%

58.3%
60.0%

50.0%

10.0% 38.9%
. (]

30.0% 22.2%

% total respondents

20.0%

10.0% 2.8% 2.8%
0.0%

Strongly Agree Somewhat Agree  Somewhat Disagree  Strongly Disagree

B Generally Confident Confidence with Outreach Lessons

Enjoyment

Figure 4 shows 69.4% of the teachers strongly agreed that they enjoy teaching STEM
topics, and 30.6% somewhat agreed. This number increased to 80.6% strongly agreeing they
would enjoy using the STEM outreach provided lesson plans in the future. As all of the teachers
agreed or strongly agreed they enjoyed STEM, the increase in the number that strongly agreed
they would enjoy using the outreach lessons, supports the need for engaging STEM activities.

Figure 4.

Enjoyment

90.0%
80.0%
70.0%
60.0%
50.0%
40.0%
30.0%
20.0%
10.0%

0.0%

80.6%
69.4%

30.6%
19.4%

% total respondents

Strongly Agree Somewhat Agree  Somewhat Disagree  Strongly Disagree

W General Enjoyment Enjoy Outreach Lessons
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75% strongly agree they will be able to engage the students using the outreach lesson plans in the
future. Comparing the hands-on STEM outreach session to their usual lesson plans, 57.7%
strongly agreed that student engagement was higher, and 42.3% somewhat agreed.

Focus Group

Five primary (K-5 grade level) teachers attended the focus group, 4 female and 1 male. The
researchers encouraged participants to respond to the questions posed based on their personal
experiences and stories regarding teaching STEM.

The teachers survey responses were positive for each of the factors, perceived feelings of
support, confidence, and enjoyment, but it was not clear exactly which aspects of the outreach
contributed to these feelings.

Support

Participants in the focus groups indicated that support was related to availability of materials,
time, and difficulty finding activities that integrate curriculum that teachers trust. One of the
teachers shared: “One of the things that 1 find kind of daunting about STEM is actually collecting
materials and having it prepared. It takes a lot of time.”

Teachers’ limited preparation time is a contributing factor in avoiding new activities.
Even when having access to resources, teachers do not know how the activity will work in the
class. The teachers expressed feeling supported by the STEM outreach program because the
activities are in-person demonstrations within their classroom. One conveyed “You can go on the
Internet and find a bazillion different STEM activities, but to have something that's tried, trusted
and true is most helpful. ” They also indicated support from having prepared packages and seeing
how these can be used with the students, “To give us a package of STEM activities is fantastic,
but once you've seen it, there's way more buy-in to using them and knowing what they mean.”

Providing quality, field-tested material that teachers feel comfortable with was more
important than the quantity of materials they can access. Also, the teachers felt that using proven
and trusted activities made a difference in lesson and delivery preparation time. The reduction in
time and corresponding lower stress was the biggest contributing factor to the teachers’ feelings
of support.

Confidence

Participating teachers shared that the STEM outreach educators brought a new
perspective and that demonstrating how activities worked boosted their confidence. They felt
that the role-modeling provided by the facilitator contributed to their confidence in
understanding how to teach these topics. One teacher shared, “Watching somebody else do it, you
think, oh yeah, I could probably do that. Or, | can change this and make it my own.”

The teachers expressed, “...by having someone come in and do it and show it...that it's
going to be messy and it's going to be loud and there's going to be epic fails” made them more
comfortable in how they would be able to teach these topics. During the discussion the teachers
expressed enthusiasm about having another educator in the classroom with them. When asked
about the outreach, teachers responded they enjoyed “having a mentor” or that “watching or co-
teaching was fantastic”, I think you learn from them.” This aspect of feelings of confidence
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relates to support. In addition to the professional development aspect of the outreach, the mentors
supported teachers’ learning.

Activities where students can experiment also helped teachers’ confidence. Respondents
shared that they appreciated the session because “It's getting over the fear of getting messy.”
Instead of being worried about the activity being done “correctly”, the teachers were able to see
how experimentation supported student learning, which resulted in teachers gaining more
confidence. They shared how these sessions gave them a chance to learn from what didn’t work,
“Then when it did fail, we had an opportunity to kind of unpack it. Why did it not work and what
would you do differently next time.”

Enjoyment

Teachers expressed that their interest in a topic influenced their enjoyment. A participant
noted, “I think if you're interested in the topic, it's going to shine through, and you'll want to
bring it into the classroom. But if you're not interested in or you're a little intimidated, you're not
going to bring it in.” However, the teachers in these sessions seemed to become more interested
when STEM activities were integrated into other subjects. Their enjoyment was higher when the
activities related to subjects they enjoyed and felt more confident teaching. For example, one of
the teachers mentioned, “[Taking] the storytelling piece, then turning that into a math lesson
actually increased the reading because the kids are more engaged.”

Increasing enjoyment is related to support and confidence as without the outreach
program, the teachers would not have had the confidence to integrate STEM into storytelling or
arts activities.

Limitations

The findings and the discussion that follows are presented within the limitations of this
study. These include the small sample of school districts participating in the STEM outreach
initiative and the low responses to surveys and focus groups. Given that the teachers who
participated in the outreach chose to engage in this initiative, the results reflect those teachers
who may already enjoy STEM teaching or who are actively seeking opportunities to improve
their STEM teaching capacities. This survey was also completed after the sessions and may not
have captured the teachers’ perceptions of how they felt prior. We acknowledge that further
research is needed to expand and deepen the results from this study, that showed how
experiences in a STEM outreach program with teachers’ classrooms can increase teachers’ sense
of wellbeing through improved feelings of support, confidence and enjoyment.

Discussion

Our findings demonstrate STEM outreach sessions have a positive influence on teacher
wellbeing and that interaction with the STEM mentors, and having access to materials, increased
teachers’ feelings of enjoyment, confidence, and support. The results suggest teachers’ feelings
of support increased by having in-class, in-person, STEM outreach sessions. The greatest need
was shown in the number of teachers (eighty-six percent) that felt they lacked support in general,
but reported feeling supported by the STEM outreach sessions.
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STEM outreach programs with mentors who support teachers “help teachers maintain
and reinforce their own sense of identity as STEM professionals” (Aslam et al., 2018). Lack of
support and dissatisfaction from demanding workloads (Yin et al., 2016) can negatively impact
teacher wellbeing. Studies on burnout and work-related stress show that overload and lack of
time (Kokkinos, 2007; Van der Doef & Maes, 2002) contributes to a lack of wellbeing, STEM
mentor programs that provide teachers with required materials, resources and mentorship may
contribute to increasing a sense of teacher wellbeing.

Teachers reported a positive experience and found the knowledge provided by the
mentors was of great value. Support through access to materials and lesson plans was important.
Moreover, access to field-tested lesson plans which included in-person demonstrations was
desired over simply being able to find resources that may or may not be effective. For example,
the STEM mentors guide students through the lessons and teachers can see how mistakes and
issues are worked through. Building confidence and interest in STEM goes beyond
demonstrating the activity, it includes examples of failures or challenges and how to overcome
them. As the participating teachers stated, there are numerous STEM lessons online, but there is
no way of knowing how effective or successful they are within a classroom unless time, which is
limited, is invested into testing prior to delivery. The focus group comments from the teachers
expressing their need to “get it right” highlights that STEM outreach mentoring facilitates an
increase in confidence, and that seeing how the mentors demonstrate activities and approach the
possible “failures” that could occur, was an integral component to support.

Demonstrations by the mentors increased confidence for the teachers to later deliver the
activities independently. Just as role modelling can influence students, STEM outreach support
can positively influence teacher confidence to deliver STEM. The support provided by the
STEM outreach mentors allowed for self-reflection and discussion on how teachers are
approaching STEM teaching and the experimental nature of STEM. Previous research has shown
participating in STEM outreach activities helps teachers maintain and reinforce their own sense
of STEM identity (Aslam et al., 2018). Confidence in professional abilities is the counter to
losing self-efficacy and motivation which lead to burnout through depersonalization and lack of
personal accomplishment (Fernet et al., 2012). Not only do effective role models demonstrate
confidence and competence (Gladstone & Cimpian, 2021), confidence is important for teachers
to integrate STEM into curriculum (Dare et al., 2018).

Teachers’ perceived enjoyment was related to two aspects of the outreach sessions:
mentoring and integration. Teachers reported feeling more enjoyment when they felt more
comfortable with the activities, which was directly related to mentor support to increase teacher
confidence. Integration into other subjects also increased teacher enjoyment. When an activity
integrates a teacher’s special interest, the teacher’s enjoyment increases. When asked about their
favorite activity, one of the teachers commented on how much they enjoyed seeing science in a
traditionally non-STEM activity “I was kind of skeptical of the rainsticks [being science]. I'm a
musical person as well so it kind of tickled my fancy that way, but | wouldn't have chosen it as a
STEM activity because | didn't see the science and math connection.” Similar to students whose
interest in math and science is maintained when learning activities are personally relevant (Bottia
et al., 2015), teachers found personal interest increased their level of enjoyment. Based on our
results, we recommend the creation of additional activities that integrate STEM into traditional
non-STEM subjects such as English, History, or Art.
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Conclusion

Mentoring teachers through hands-on, in-person STEM outreach can contribute to improving
their wellbeing in relation to STEM teaching. As teachers build their confidence and enjoyment
through the support of the STEM mentor during the outreach experience, they may offer a model
of more positive and engaged learning of STEM alongside their students during these
experiences. Teachers integrating STEM into curricular subjects (including non-traditional
STEM) that have mentorship and professional learning opportunities demonstrate increased
confidence and feelings of support, and thereby, enjoyment. Improving teacher wellbeing
through supported STEM mentorship may positively influence student learning in STEM.
Further research is needed to understand how improving STEM teacher wellbeing connects to
improving student learning, with a particular focus on underrepresented student engagement in
STEM education and career fields.
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