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1. Executive Summary

In the summer of 2018, BootUp partnered with District B to provide professional
development (PD) to elementary classroom teachers on how to teach elementary
coding. BootUp PD consists of several day-long workshops spread throughout the
school year. Workshops are supported by teacher and student resources, hands-on
activities, in-classroom modeling, and peer site visits. This report provides an
independent analysis of BootUp’s efforts to train District B teachers during the
2019-2020 school year.

There are 5 key findings from the efforts of BootUp with District B teachers during the
2019-2020 school year. Namely...

1. Almost all District B teachers who participated in the BootUp PD trainings are
now regularly teaching coding in their classes, though only about 55% teach it
weekly to the same group of students;

2. District B teachers were overwhelmingly positive about their BootUp PD
experience this year;

3. District B teachers demonstrated growth in their confidence to code and to teach
coding in nearly every measured area;

4. District B teachers learned that “5-6 year olds can code!” (as one teacher put it).
In fact, the majority of teachers listed students’ excitement for coding as their
main success.

5. District B teachers ranked nearly all aspects of BootUp PD highly favorably,
though peer site visits appeared to be less well-received.

The remainder of this report details the methods used to achieve these findings, how
these findings were reached, and data from teacher surveys throughout 2019-2020, as
well as a comparison to teachers’ knowledge and beliefs about coding when they first
began in the 2018-2019 school year.
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2. Methods

This evaluation was performed by Peter Rich, PhD, of Brigham Young University. Dr.
Rich teaches undergraduate and graduate courses on the design, development, and
psychology of instruction. Dr. Rich’s research over the past decade has focused on
how to teach coding to elementary-aged children, resulting in several publications on
this topic. For this evaluation, BootUp coordinated the desired outcomes and research
questions with Dr. Rich. Beyond that coordination, BootUp has allowed Dr. Rich
complete independence to analyze and interpret data collected via teacher surveys.

2.1. Data Collection

Prior to the first training of the year, teachers completed an instrument called the
“Teachers’ Beliefs about Coding and Computational Thinking” (TBaCCT). The TBaCCT
is a validated instrument created to measure changes in teachers’ value for and
confidence in teaching coding and computational thinking in the classroom (Rich,
Larsen, & Mason, in press).

At the final BootUp workshop of the year, teachers again complete the TBaCCT. They
also answer several additional questions about their: (a) coding-related teaching
practices throughout the school year, (b) confidence with specific coding concepts,
practices, and perspectives, and (c) personal experiences teaching coding, and (d)
feedback and evaluation of BootUp’s professional development.

2.2. Data Analysis

Both quantitative and qualitative data were collected via pre and post surveys for this
evaluation. Quantitative data were primarily summarized using descriptive statistics,
while qualitative data were analyzed by using an emergent cross-comparative analysis
(Rich, 2012).

3. Results

In the following sections, we first present an overview of the participating teachers. We
then discuss teachers’ classroom practices and their experiences in teaching coding.
We then follow up with an analysis of teachers’ confidence for coding and for teaching
it in the classroom. Finally, we present teachers’ evaluation and feedback of the various
components of BootUp’s professional development experience.

3.1. Teacher Demographics

The District B teachers who patrticipated in the BootUp PD during the 2019-2020 school
year are an experienced and highly certified group of teachers. Thirty teachers
completed the year-end survey. The average teacher reported having taught
professionally for 15.5 years (with 13.5 of those teaching the same grade)'. However,
the average teacher only

"Medians were calculated rather than means to offset the effect of outliers.
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had 2 years’ experience teaching coding, demonstrating how new they all are to this
topic. Table 1 shows the distribution of District B teachers who completed the year-end
survey across the grades they teach. All teachers reported that they are certified
classroom teachers. Twenty-four reported having earned a master's degree, while the
remaining 6 had earned their bachelors.

Table 1
District B teacher grade distribution

Grade Teachers

Kindergarten 6
1st 5
2nd 5
3rd 5
4th 5
5th 4

3.2. Teaching Practices

Half of District B teachers reported teaching coding weekly or more often, with most of
the rest reporting they teach coding about once a month. These lessons are typically
taught to the same group of students. Thus, the majority of District B elementary
students are likely participating in coding activities at least once a month, with half of
these students participating weekly. Most (65.5%) of coding lessons tend to be on the
shorter side (16-30 min), with the remaining lessons mostly lasting 31-45 minutes. Two
teachers reported engaging their students in longer lessons (45+ min).

Figure 1
How often District B teachers are teaching coding.
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3.3. Classroom Coding Experience

To find out what teachers’ qualitative experience was like, we asked teachers about
their successes and challenges in teaching coding. To analyze their answers, we
categorized each response thematically. It was possible for a single response to report
on multiple themes. While responses resulted in a variety of answers, some themes
occurred more predominantly across teachers. The first theme that stuck out was the
contrast between teachers’ responses regarding successes vs. challenges. While 70%
of teachers’ comments regarding their successes focused on students (and 30% on
teachers), the pattern was flipped for challenges (76% teacher-focused challenges).
Thus, it might be said that District B saw success through their students’ eyes and
struggles through their own.

3.3.1. Main Successes

Teachers’ main successes overwhelmingly focused on student excitement for coding.
Teachers across all grade levels reported high student interest and engagement with
coding, as noted by the following teacher comments:

Table 2
Teacher Comments About Student Excitement for Coding

K Kids love coding! They get excited and anxious to learn new things!

K The students love blue bot and Scratch Jr. They are being exposed to language they will
continue to use for years to come and gain confidence that they can be successful with coding
and other technology. The productive struggle the students go through in debugging and
making their sprite do the 'right' thing teaches perseverance and lends itself to collaboration
with peers who may not socialize with each other in other settings.

1st | have seen students gain an excitement and enthusiasm for coding, especially a few
students that don't necessarily do well academically; but have found their niche and
confidence in coding.

1st My students are excited to animate and create algorithms! They are willing to take risks,
get things wrong, look for solutions and communicate with each other their
discoveries/creations.

1st I've had a lot of success with reverse engineering in my classroom. It is amazing to me what my
students are able to problem solve without my guidance. Student engagement is phenomenal
during reverse engineering projects.

1st Students are excited as they are presented with projects to code in my classroom. They
sometimes struggle, which is a success as other students share their knowledge and
collaboration happens. | facilitate and everyone learns.

2nd My students love it and | think they think the learning is much more engaging. They
are excited to do it! Therefore, | am excited to teach it!

2nd Students are excited about working through problems and finding solutions without
my help. | believe their grit has increased.
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3rd The kids are super engaged and MOST love coding. They have a high interest and |
have seen improvement with their problem solving and creative abilities.

3rd The kids’ interest level is exciting to watch.

4th Seeing kids get excited after planning their story, and then being able to tackle their
projects independently.

In addition to excitement, there were 4 other successes that at least 5 teachers
reported. Namely, they noted that through engaging in coding activities, students
collaborated, problem solved, demonstrated creativity, and persevered, as noted in
Table 3.

Table 3
Other Common Successes District B Teachers Reported

Collaboration

K [Coding] lends itself to collaboration with peers who may not socialize with each other
in other settings.

1st | have seen my students do amazing teamwork and use great communication skills.

1st Students are excited as they are presented with projects to code in my classroom. They
sometimes struggle, which is a success as other students share their knowledge
and collaboration happens. | facilitate and everyone learns.

3rd Increased collaboration, stretching to learn, interactions across grade levels.

5th | have liked watching the students become peer teachers and assist others in the
classroom with coding, as well as younger grades.

Creativity

K I’m amazed at how well the students jump right in and their problem solving skills and
their creativity.

1st They understand that some things take a few tries to get it right and that that's okay. This
also allows opportunity for some creativity and fun!

3rd | have seen improvement with their problem solving and creative abilities.

5th It's been great to see how quickly and how creatively the students challenge
themselves and others.

5th Coding has allowed some of my students to excel in creating things.

“Productive Struggle”

K Watching young students try new things and learning from their mistakes.

K The productive struggle the students go through in debugging and making their sprite do the
'right' thing teaches perseverance

1st They understand that some things take a few tries to get it right and that that's okay.

1st They sometimes struggle, which is a success as other students share their knowledge and
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collaboration happens.

3rd Seeing students who struggle in school find success while doing coding, and seeing students
who everything comes easy to have to struggle.

Problem Solving

K I’'m amazed at how well the students jump right in and their problem solving skills and
their creativity.

1st I've seen them problem solve together, help each other, and continue to try new things.

1st It is amazing to me what my students are able to problem solve without my guidance.

2nd Students are excited about working through problems and finding solutions without
my help. | believe their grit has increased.

3rd | have seen improvement with their problem solving and creative abilities.

3.3.2. Main Challenges

While teachers’ successes focused on students, their challenges were
teacher-centered. District B challenges can be narrowed to two specific issues:
knowledge and time. Knowledge-based challenges refer to teachers’ lack of or
insecurity about their coding knowledge, which time-based challenges refer to the
difficulty of integrating coding into their otherwise busy schedules.

Table 4

Teachers’ Knowledge- based Challenges Around Coding

1st | don't always feel like | know or can remember from PD to PD how to do the different
aspects of coding, but | have students that seem like naturals that can just problem solve on
their own and teach others.

2nd | still have a lot to learn, but that is great! | think being open to the fact that this takes time to
get better. It also takes interacting with the materials to better understand it!

2nd My students tend to know more than | do in certain areas.

2nd Keeping up with the kids! They always amaze me and | am continually learning
from them.

2nd Not being knowledgeable of coding and not comfortable with

technology 3rd My limited abilities make it hard at times to help the kids.

4th Some of my students catch on at a faster pace than | do and work are faced with problems
that neither of us can debug.

4th Answering questions of what code should be used in certain circumstances. Just still
not familiar with everything.

4th Understanding of various keys and their functions.

5th | cannot always answer the students' questions.

5th I do not have a good grasp on how coding works, therefore | have to depend on others

to help me with it.
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Table 5

Grade Teacher

Teachers’ Challenges With Time for Coding
K The biggest challenges to doing coding is finding the time to do it and having enough
devices for students to get enough practice on it. Sharing is hard but also valuable at times.

1st Sometimes | have not been able to correctly gauge how long a lesson will take us.
Occasionally, the project takes longer than we have time for, and other times the students are
much faster than | anticipate. Since our days are somewhat tied to our larger schedule, this has
been a learning curve for me, but not an insurmountable problem at all.

1st Challenges would be getting time to do it in my already tight schedule. | know it's
important and I'm finding more ways to implement Scratch Jr. and blue bots into my
curriculum.

2nd Finding time is sometimes a challenge to fit coding in the classroom. | would still like to

find other ways to creatively integrate content they need to cover in the classroom with
coding activities.

3rd Challenges have been with time to work with our grade level team between our training.
We are provided time, but it is usually to complete the previous task. It is getting better the
more time we get. We are hoping to be able to add this to our PLC time but with the many
other agenda items, it usually gets left out. We will continue to find a balance.

3rd Finding the time to fit it into my curriculum on a consistent
basis. 4th 1. Time
5th Finding the time to do it.

3.4. Confidence with Coding

We measured teachers’ confidence with coding in several ways. The TBaCCT was
administered at the beginning and ending of the year as a comparison measure. The
end of year measure also asked questions with coding-specific jargon that teachers
may not have been able to answer at the beginning of the year. Inasmuch as this
evaluation reports on the 2nd year of training, we were able to compare teachers’
confidence over time. The key take-away from this analysis is that District B teachers
have grown more confident with their own coding knowledge and with their
ability to teach coding each time we have measured their confidence on nearly
every measure.

A brief explanation of each measure and its questions follows. For each set of
questions, teachers were presented with a statement and asked to indicate to what
extent they agreed or disagreed with that statement. All of the measures are based on
a 6-point Likert-type scale, ranging from strongly disagree to strongly agree (or in the
case of confidence questions “no confidence” to “complete confidence”). A 6-point
scale was
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used to avoid neutral answers. Answers over 3 represent presence of confidence,
whereas answers less than 3 represent the lack of confidence for a particular topic.
The long-term goal is to help teachers eventually average in the 5-6 range, though it's
not expected that teachers will reach this level of confidence until they have taught
computing for at least a few years.

3.4.1. Teachers’ Beliefs

This first chart (see Figure 1) shows District B teachers’ growth in their beliefs about
teaching coding and computational thinking from their first training in 2018 to their final
training in 2020. The TBaCCT asks teachers questions about the value of teaching
coding to elementary-aged children, questions about teachers’ confidence with coding
and computational thinking (CT), and questions about their confidence to teach coding
and CT. District B teachers demonstrated a high valuation for coding from the get-go.
Initially, teachers showed a lack of confidence with their own coding knowledge and
their ability to teach it to children. By the end of their first year, their confidence with
coding knowledge had inched into the “somewhat confident” zone, while their
confidence to teach coding had jumped considerably. After another year of BootUp
training, teachers’ confidence with coding and with teaching coding has increased
considerably. District B teachers’ confidence to teach coding is steadily increasing
toward the 5+ higher confidence range. Meanwhile, they have moved beyond
unconfidence to “somewhat confident” with their own coding abilities. Thus, there has
been considerable growth in District B teachers’ confidence with coding and teaching it
in their classrooms, though there remains room for further growth.

Figure 2

Teacher Beliefs about Coding and Computational Thinking
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It is important to note that data regarding teachers’ confidence with Computational
Thinking (a problem solving approach used by programmers), was lost during the final
2020 administration. Thus, we cannot compare growth over time on this construct.
Fortunately, we included another question on the year-end data that provides more
detail on teachers’ ability to foster computational thinking.

3.4.2. Teachers’ Coding and CT-specific Confidence

Figure 3 and Figure 4 show teachers’ growth in their confidence with specific coding
and computational thinking concepts. We did not initially ask about these in the
pre-survey because the questions require a knowledge of coding to begin with. A
comparison of teachers’ confidence from the end of one year to the next,
however, reveals an increase in every measured coding or CT concept.

District B teachers started with a higher self-efficacy for sequence. This is one of the
more basic coding concepts and is practiced in every elementary coding program.
Teachers were less confident with more advanced concepts such as variables and
conditionals, which is to be expected, as these concepts are not used as often in
elementary programs and are more abstract. In fact, all three of the more advanced
foundational coding concepts (functions, variables, and conditionals) were the
areas where teachers showed the most growth this year. This is very promising, as
it shows growth beyond just basic coding.

Figure 3

Teachers' Self-Efficacy for Coding Concepts
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Figure 4

Teachers' Self-Efficacy for CT Concepts
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3.4.3. Teacher’s Confidence for Teaching Coding and CT

A popular framework for interpreting the learning that occurs during coding was
provided by Brennan and Resnick (2012), of principles, practices, and perspectives.
Principles refer to the conceptual content-based understanding and were measured
by the questions reported in the prior section. Practices refer to effective ways of
approaching problems computationally, such as through collaboration, communication
and creation (three important 21st-century practices). The practices we asked teachers
about are those chosen and represented in the k12cs.org framework (see k12cs.orq).
Perspectives refer to the dispositional characteristics that one might experience while
learning to code, such as persistence in the face of difficulty, debugging problems, and
tinkering/remixing others’ code.

Figure 4 shows a near 1-point jump in confidence to foster computational practices in
their classrooms from District B teachers between the end of their first and second
years of BootUp training. Whereas teachers previously were unconfident in their ability
to develop and use abstractions, create, test and refine computational artifacts, they
now are showing cautious confidence in fostering these practices in their coding
classes. This growth was nearly uniform across the board of computational practices
and is likely due to District B application of coding in the classroom.


http://k12cs.org/
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Figure 5

Teachers' Confidence to FOSTER Computational Practices
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Figure 5 reports on teachers’ ability to teach specific CT perspectives. Teachers
reported growing confidence in collaborating and creating, especially, even reaching
the 5-point threshold in collaborating. Likewise, while teachers were still very unsure
about their ability to teach debugging last year, they grew the most in their confidence
to teach this perspective in their coding classes. Despite this growth, they are still in the
less confident range, demonstrating a need to continue strengthening teachers’
confidence to help students foster a debugging attitude.

Curiously, teachers reported no significant difference in persistence or
tinkering/remixing. Admittedly, teachers already demonstrated a somewhat higher
confidence for teaching persistence. As evidenced by teachers’ comments about
successes, persistence is a topic that several teachers have qualitatively observed in
their students. Tinkering/remixing is another area that showed no appreciable growth (it
decreased a little, but is statistically the same). The reason for this may have been
revealed in teachers’ comments about challenges; namely, many District B teachers
still feel inadequate in their coding abilities, which would suggest that they may not be
comfortable helping to modify others’ code.
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Figure 6

Teachers' Confidence for Teaching CT Perspectives
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3.5. Teacher Evaluation of BootUp PD

In this section, we review feedback provided by District B teachers regarding their
experience with BootUp PD. In addition to the feedback collected for this evaluation,
teachers also provided feedback after each workshop, which was reviewed by BootUp
facilitators who responded to the feedback to make formative adjustments to following
workshops.

On average, District B teachers reported participating in 4 BootUp workshops this year.
BootUp PD consists of several different components. BootUp’s PD model evolves as
they work closely with districts to incorporate teacher feedback. After each training,
teachers provided formative feedback to BootUp facilitators, who responded to this
feedback and incorporated it in their subsequent meetings. In addition, we asked
District B teachers to rate each of the BootUp PD components at the final training of
the year (see Table ##). Any component rated above an 8 should be considered a
success. Ratings in the 7-8 range should be considered effective, but could be
improved slightly. Components rated lower than a 7 should be considered less effective
and in need of revision.

Overall, District B teachers found most BootUp PD components to be effective, rating
all but two practices above an 8. Teachers were especially complimentary of the
hands-on
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learning practice offered during PD. Teachers also appreciated seeing BootUp
facilitators demonstrate how to teach, whether through a site visit or as a model during
a workshop. Topic Discussions were rated in the 7-8 range, suggesting that they were
mostly effective, but could use some minor revisions. Peer site visits, however, were
not rated very favorably. It could be that such visits take teachers away from their own
classrooms or that they are uncomfortable teaching in front of their peers. Whatever
the reason, it'’s clear that this is a component of BootUp PD that could use some more
serious revision in order for teachers to find it useful.

Table 4.
District B Teachers’ Summative Evaluations of Specific BootUp PD Components

BootUp Component Avg. Min Max SD Count
Hands-on Learning 917 6 10 1.12 29
Practice completing projects during PD

Site Visits 89 3 10 16 29
BootUp facilitators visit teachers at their schools and offer formative

feedback/support.

Model Teaching 8.66 5 10 1.58 29
BootUp facilitators demonstrating the lesson as a teacher.

Videos 8.55 6 10 145 29

Walk-throughs of completed projects and how to work out each section
of a coding project.

Sharing Projects/Ideas 8.55 3 10 1.67 29
Time given during PD to discuss and share ideas with peers.
Coder Resource 841 5 10 1.38 29

Student materials, including video walk-throughs and debugging slides.

Topic Discussions 729 2 10 2.37 28
In-person and online venues provided for teachers to discuss specific
coding questions and ideas.

Peer Coaching 583 0 10 279 29
Peers visit a colleague at their own school and offer feedback.

Teachers were also asked to compare this professional development experience to
other PD experiences they had participated in (on a scale of 1-10). Anything above an
8 would be considered successful and above average. Overall, District B teachers
rated the BootUp PD experience at an 8.14/10. When asked to provide a rationale for
this rating, the majority of responses were overwhelmingly positive. The main reasons
for their positivity were (a) the hands-on nature of the trainings, and (b) the facilitator’s
relatability and responsiveness to teachers’ needs. The three following quotes illustrate
these feelings, which were similarly stated in some form by the maijority of teachers.
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“It wasn't just a one time thing. We have the chance to come back and review and expand. We
also get to be hands on and actually do Scratch Jr. or blue bots, which makes me much more
likely to do it in the classroom.”

“Our facilitator has been wonderful. She is knowledgeable and personable. She is willing to walk
into our classrooms to teach or guide a lesson. She gets involved with the students right away,
creating a connection with them.”

“Brenda has been amazing and very helpful. She slows down and repeats when necessary, but
also speeds up when needed to. She allows us time to talk about how we can incorporate this in
our classroom and allows us to collaborate. She is available to us anytime.”

We also asked teachers to compare what they thought about coding before and after
training. Before training, teachers had a general sense that learning to code was
valuable, but felt intimidated at having to teach it themselves. After training, teachers
reported feeling “empowered” and “more confident.” We further asked how their
confidence had changed throughout the year. Every single teacher reported an
increase in their confidence to teach coding. Overall, teachers’ responses could be
summarized as cautiously confident, as evidenced by this teachers’ comment,

My confidence to teach computing has increased due to the wonderful instructional support we
have been given, the detailed lessons on Boot Up, and the courage to allow for hands-on
experiences.

4. Conclusions

This evaluation gathered quantitative and qualitative data from District B teachers who
participated in BootUp professional development workshops throughout the 2019-2020
school year. Based on the evidence provided herein, it would be difficult to conclude
anything other than that the training has been successful. Teachers have reported
growth in nearly all measured areas not only over the past year, but since they began
the workshops the year prior. Teachers are the most confident with their ability to teach
sequences, loops and functions. They still feel slightly unconfident in their ability to
teach more advanced coding concepts, such as variables and conditional logic, though
their confidence in these areas climbed considerably. Teachers’ greatest challenges in
their efforts to teach coding are embodied in their own lack of knowledge of and
experience with coding. However, some teachers are realizing that they do not need to
know everything in order to effectively teach elementary coding. As one teacher put it,

‘I don't need to be an expert on coding to teach coding. | need to provide windows of
opportunities to expose students to coding.”

In other words, District B coding teachers are learning to be facilitators of coding.
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Perhaps most importantly, District B teachers reported positive teaching experiences.
Their successes focused clearly on student excitement for coding in the classroom,
with some teachers pointing out that students who struggle in other subjects have
excelled with learning to code. Before participating in BootUp professional
development, many teachers reported being intimidated by the idea of having to teach
code. After participating in BootUp professional development, they have changed their
tune to be one of excitement and cautious optimism. More teachers are finding ways to
integrate coding into their regular classes, with one first-grade teacher claiming,

‘I look for ways to incorporate coding vocabulary and technology experiences within my
curriculum, so that students are making connections with their learning and applying what they
know.”

Despite the successes, there remains room for growth. In addition to insecurities about
their own coding knowledge, teachers expressed concern about how to find the time to
teach coding amidst all the other content they teach. Additionally, not all BootUp
components appeared to have been as effective for District B teachers, especially peer
site visits, which were ranked lower at the end of this year than the first.

Finally, teachers were overwhelmingly positive about their experience with BootUp PD.
When compared with other professional development experiences, BootUp PD ranked
above average. In this report we did not share all the positive comments about
teachers’ experience with the BootUp facilitator because those comments themselves
would have filled another report. Perhaps it's more telling that there were no negative
comments about the facilitator at all. According to District B teachers, the facilitator was
courteous, knowledgeable and responsive to teachers’ concerns, changing pacing and
content as needed.
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