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ABSTRACT
The recent groundswell of interest in computer science education
across many countries has created a pressing need for comput-
ing teachers at the secondary level. To satisfy this demand, some
educational systems are drawing from their pool of in-service teach-
ers trained in other disciplines. While these transitioning teachers
can learn about computing pedagogy and subject matter at pro-
fessional learning workshops, daily teaching experiences will also
be a source of their learning. We studied a co-teaching program
where instructional responsibilities were distributed between teach-
ers and volunteers from the tech industry to explore how specific
teaching practices supported teacher learning, with a focus on ped-
agogical content knowledge (PCK). Through qualitative analysis
of questionnaire and interview data gathered from three teachers
during one school year, we identified the practices they engaged in
and how their learning related to the enactment of those practices.
Our results highlight several factors that influenced the ways in
which teaching practices provided participants with opportunities
to learn PCK: (a) active participation of students and volunteers; (b)
teacher’s level of content knowledge; (c) interdependent practices;
and (d) immediacy of the classroom environment.
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1 INTRODUCTION
In the past several years, many countries have started initiatives
to expand computer science (CS) education at the primary and
secondary level [25]. Across the U.S., where we work, efforts such
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as CS10K [12] and CS for All [23] are providing more students
with access to CS learning opportunities. Some of the largest K-12
districts in the country serving hundreds of thousands of students
are implementing computing curricula across their schools [39, 43].
A major requisite to the sustainability of these plans is a sufficient
pool of teachers versed in both CS content and pedagogy.

However, there is a shortage of CS teachers at the secondary level
in the U.S. One reason for this scarce supply is a limited number of
pre-service training programs available to prepare aspiring teachers.
Given the paucity of pre-service opportunities, alternative path-
ways for in-service educators exist through teaching endorsements
and accreditation [30]. Yet, manifold pathways make it possible
for teachers to enter CS classrooms without adequate preparation.
The CS education community has recognized a need to support
these transitioning teachers in developing the knowledge and skills
needed to effectively teach and increase participation in CS [15].

While professional learning (PL) programs exist for these teach-
ers, many are of insufficient duration and do not focus clearly on
teacher knowledge specific to computer science [35] . Furthermore,
when participants enter PL experiences with differing backgrounds,
amounts of teaching experience, and prior knowledge, it is chal-
lenging for teacher educators to create effective learning oppor-
tunities [47]. Understanding how in-service teachers incorporate
experiences from PL into their practice can (a) provide a realistic
portrait of CS teacher knowledge development and (b) inform the
design of future, possibly differentiated, PL opportunities. With
these goals in mind, we report on our efforts to investigate the
teacher learning of educators transitioning into CS through a PL
program embedded into their daily teaching.

2 TEACHER KNOWLEDGE AND LEARNING
The craft of teaching draws upon many types of knowledge such
as knowledge of subject matter, knowledge of individual students,
knowledge of how people learn, and knowledge of curricula [13]. In
our work, we focus on pedagogical content knowledge (PCK), a con-
struct introduced by Shulman [45] to characterize the knowledge
needed for teaching a particular subject. Shulman originally de-
scribed PCK as a subset of content knowledge that includes knowl-
edge of student understanding and knowledge of teaching practices
to support learning. Familiarity with common errors and evalu-
ating the advantages and disadvantages of representations used
for instruction are examples of PCK [5]. This framework has been
extremely influential in the study of teacher learning, particularly
in mathematics [14] and science [42].

Research on PCK, both within and outside of CS, has produced
some consistent findings. First, PCK is subject specific and strongly
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correlated to content knowledge [8]. In a study of experienced com-
puting teachers learning to teach a new programming paradigm,
Liberman et al. [32] explored the connection between PCK and con-
tent knowledge. They found teachers entered a state of regressed
expertise where they displayed elements of both novice teaching
and expert teaching. Second, PCK develops incrementally with a
focus first on learners and then later on teaching practices [42].
Buchholz et al. [10] provided anecdotal evidence that pre-service CS
teachers progress through stages of complexity in their PCK when
developing teaching modules. Similarly, Lapidot’s [31] field study
with fifteen in-service and pre-service teachers resulted in a model
explaining stages of CS teacher learning which progress from a
focus on content knowledge, to creating instructional examples, to
supporting student understanding, to improving their practice. And
third, various personal and contextual factors influence PCK devel-
opment [2, 40]. Baxter [6] and Griffin, Pirmann, and Gray’s [21]
case studies comparing experienced CS teachers demonstrated how
PCK can vary across teachers with similar levels of expertise and
be enacted differently in their classrooms.

Related to PCK is professional learning, or the various activi-
ties teachers engage in to improve their knowledge and practice.
These activities range from informal chats with colleagues to for-
mal workshops facilitated by teacher educators. Changes in teacher
learning take time and vary across individuals [9]. Research points
to the value of linking professional learning to authentic practice
because it allows for active learning related to the contexts within
which teachers work [3, 19]. Some teacher education researchers
are beginning to focus less on the components of PCK and more on
describing the core practices of teaching that enable educators to
apply their knowledge in classrooms [18, 34]. Some of these prac-
tices include leading a discussion, assessing student knowledge,
presenting ideas, finding examples to make a specific point, con-
necting a topic to topics taught in prior or future years, appraising
content on instructional materials, modifying tasks to be easier
or harder, and selecting representations [5, 26]. However, scholars
are still undecided about what teaching knowledge is needed for
effectively using core practices [4].

In our work, we are studying a PL program that connects to au-
thentic practice through co-teaching with technology professionals.
Such collaborations tend to involve joint or distributed effort around
planning and teaching [22]. When situated within classrooms, the
learning opportunities that these partnerships offer will depend
on the contexts within which they occur and on the participating
teachers and external partners. Our goal is to understand how such
PL embedded within daily teaching can support the learning of
transitioning CS teachers, with a focus on PCK. Specifically, we ask:
(a) what instructional practices do teachers undertake when plan-
ning and enacting their lessons within a co-teaching partnership?
and (b) how does teacher learning relate to the implementation of
these instructional practices?

3 METHOD
3.1 Study Context and Participants
Our project explores PCK and teacher learning within a multi-year,
on-the-job training program that pairs teachers with volunteers
from the tech industry to offer CS courses in secondary schools

across the U.S. At the start of the partnership, volunteers lead CS
classes while teachers learn course content. Over time, responsi-
bilities shift from volunteers to teachers, with teachers leading
their courses independently after two years. The program offers
two courses. The semester-long Introduction to Computer Science
Principles course (Intro) introduces some of the big ideas of com-
puting, discusses the history and future of the field, and teaches
students programming with the block language Snap!. Many teach-
ers extended Intro into a year-long course by teaching additional
programming languages or curricula the second semester. The year-
long Advanced Placement Computer Science A course (AP CS A)
introduces students to object-oriented programming and the Java
programming language. Advanced Placement is a program in the
U.S. run by the non-profit College Board that provides college level
courses for secondary students. We studied three teachers in the
second year of the program: Ms. Robinson, Mr. Miller, and Mr. Perez
(all pseudonyms).

Ms. Robinson taught one section of the AP CS A course with four
volunteers. At the time of the study, she had 11 years of teaching ex-
perience. She also taught geometry and an introductory computing
course (not through the PL program). Ms. Robinson’s professional
experiences prior to teaching involved multiple roles in the tech
industry including web designer, quality assurance engineer, and
software engineer. However, her tech career occurred 15 years ago.
While she remembered some computing concepts, she saw her-
self as a "novice teacher in CS field" who relied on volunteers and
experienced students to help her with the course content.

Mr. Miller taught two sections of the Intro course. He taught the
first section collaboratively with two volunteers and the second
section independently. During the second semester of the course,
his team introduced students to HTML and CSS. He had 38 years of
teaching experience and he also taught algebra. Mr. Miller had prior
programming experience in the 1970s. While he felt confident in
his conceptual understanding of computing, he felt his knowledge
needed updating.

Mr. Perez taught one section of the Intro course with three volun-
teers. To extend his course to a full year, he included components
of Computer Science Principles (AP CSP), a new computing course
offered by the College Board. In the year prior to this study, he
taught one section of the AP CS A course. He had two years of
teaching experience and he also taught algebra. Mr. Perez felt very
comfortable with CS content. In secondary school and college, he
took computing courses in BASIC, C++, Java, Racket, Prolog, and
Fortran. Mr. Perez had experience tutoring college students in com-
puter science.

Although we present data gathered from three participants, our
goal is not to compare the quality or preparedness of the teachers.
Instead, we are providing an array of possible ways transitioning
teachers might engage in and learn from their instructional prac-
tices.

3.2 Data Collection and Analysis
This study spanned an entire school year, beginning in September
2015 and ending in June 2016. Data collection centered around
visits, or a set of activities related to an observed classroom lesson.
Visits focused on lessons so that participants could draw on their
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recent experiences when completing questionnaires and interviews.
We conducted five or six visits with each teacher.

Each visit began with a questionnaire teachers completed before
the observation. This questionnaire asked ten open-ended items and
one close-ended item about teaching knowledge for the upcoming
lesson. Most items were drawn from the CoRe [33], a set of prompts
to guide groups of teachers in discussing PCK related to a specific
topic.

To capture immediate impressions of their teaching, participants
were interviewed about their lessons directly after the observation.
Probing questions focused on how the lesson supported students,
unexpected occurrences, and ideas for revising the lesson. Ques-
tions were adapted from protocols used to interview mathematics
teachers about the development of their technology PCK [38] . We
included three questions focused on the quality of the co-teaching
experience, the roles assumed by teachers and volunteers, and the
effectiveness of co-teaching in preparing teachers to lead the les-
son independently. We also used this interview as an opportunity
to clarify any ambiguous or terse comments provided on the pre-
lesson questionnaire. Lastly, during half the visits, participants also
completed think-aloud interviews where they reviewed either a set
of assessment items or a set of student responses to a programming
problem (see [24]). While these think-aloud interviews focused
primarily on eliciting their PCK for specific computing topics, each
teacher made one or two comments related to their teaching prac-
tices that are also included in this analysis.

Within two days of the observation, after teachers had time to
reflect more on their lessons, they completed a post-lesson question-
naire. The first half of this questionnaire focused on the methods
and instructional resources used to prepare and deliver their lesson.
Most items were drawn from the Horizon Inside the Classroom
Interview Protocol [46] and all items required written responses.

We analyzed interview responses and open-ended questionnaire
items to identify instances where participants discussed PCK, con-
tent knowledge, instructional practices, or their own growth as a
teacher. Our unit of analysis was the entire response provided to a
prompt listed on our interview protocol or to a questionnaire item.
In dividing the data using this approach, units from interviews
might contain multiple questions if the interviewer asked clarifying
questions. Our coding scheme, which draws heavily on the work
of Shulman [45] and Ball, Thames, and Phelps [5], contains three
main categories: CS teaching knowledge (see Table 1), instructional
practices (see Table 2), and ‘other’. This last category was used to
capture instances where teachers either talked about their own
development or mentioned ideas outside the other categories.

To conduct an exploratory analysis into the relationship between
practices and PCK, we used Ball and Cohen’s [3] approach to pro-
fessional learning as an interpretive guide. Their model highlights
how many teaching tasks can support an examination of practice
because "in the course of these tasks, teachers may puzzle, weigh
alternatives, draw on what they know or can access as resources
for judgments and decisions." We examined how different teach-
ing practices discussed by participants allowed for active noticing,
interpretation, and working with artifacts of practice.

The second half of the post-lesson questionnaire contained six
close-ended items asking teachers to rate the degree to which they
and their volunteers contributed to instructional practices related to

Table 1: Teaching Knowledge Coding Scheme

Category Definition
Student understanding and
difficulties

Knowledge of student ideas andmis-
conceptions about CS

Student interest andmotiva-
tion

Knowledge of student interest and
motivation related to CS

Representations and teach-
ing methods

Knowledge of how topics are repre-
sented and how topics can be pre-
sented to learners

Timing, pacing, sequencing Knowledge of how topics should be
organized to support learners

Table 2: Instructional Practices Coding Scheme

Category Definition
Planning Lessons

Find materials Search for and evaluate instruc-
tional materials

Create materials Create instructional materials
Modify materials Modify instructional materials cre-

ated by others
Review materials Look over existing instructional ma-

terials
Practice materials Complete tasks that will be assigned

to students
Organize lesson Decide on the timing, pacing, se-

quencing of lessons; Create student
groups for team work

Enacting Lessons
Assist students Provide help to students
Evaluate learning Assess students, assign grades, re-

view student progress
Present ideas Present information through whole

class instruction

lesson preparation (i.e., developing lessons, creating assignments),
instructional delivery (i.e., delivering lessons, managing the class-
room), and evaluation of learning (i.e., assisting students, grad-
ing student work). These six practices were drawn from materials
created by the PL program to describe the roles of teachers and
volunteers. Option choices were: mostly teacher, both volunteers
and teacher, mostly volunteer, and no one. We converted these lev-
els into numeric values and averaged engagement in instructional
practices over the school year. Since we were most interested in
the degree to which teachers engaged in instructional practices,
we collapsed the levels of "no one" and "mostly volunteers" to a
value of 0, assigned "both volunteers and teachers" a value of 1, and
assigned "mostly teacher" a value of 2.
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3.2.1 Trustworthiness of Data. Both authors, who were also
involved in data collection, coded the interview and open-ended
questionnaire data. We went through three steps to establish inter-
rater reliability: training, agreement, and reliability. In the training
phase, the first author introduced the coding scheme to the second
author, providing the second author with examples to illustrate
each coding category. In the agreement phase, we reviewed a sub-
set of data files together and discussed how we would code them,
resolved discrepancies in our decisions, and made decisions on how
to handle similar cases in the future. This form of negotiated agree-
ment is useful when conducting exploratory work and can help
to increase reliability [11]. In the reliability phase, we separately
coded a subset of the data and compared our coding choices using
Krippendorff’s alpha reliability measure [28, 29]. Most categories
passed Krippendorff’s suggested threshold value of .67, one cat-
egory fell just below the threshold at α = .66 (i.e., knowledge of
student interest and motivation), and one category never occurred
in the reliability set (i.e., review materials).

Since researchers have cautioned against relying solely on teacher
self-report data [41], we compared teachers’ self-reported data
about the frequency of their instructional practices to observation
data gathered by the research team. While the data showed that
participants’ self-reported data aligned mostly with observation
data, there was one discrepancy. Mr. Miller sometimes disagreed
with observers on whether he or his volunteers assisted students
more in class. We believe Mr. Miller was distinguishing the ways in
which he and volunteers were providing support to students (e.g.,
formal code reviews versus answering individual questions) and
that he may have concentrated on a subset of these methods of
support when reporting on the distribution of this responsibility.

4 RESULTS
4.1 Instructional Practices Enacted

4.1.1 Distribution of Practices. In the PL program we studied,
teams distributed responsibilities across teachers and volunteers.
While the PL program offered guidance on the distribution of re-
sponsibilities, teams divided their daily teaching tasks differently
depending on factors such as teacher readiness and volunteer avail-
ability. We first identified the degree to which teachers enacted the
six practices highlighted in their PL program materials (see Figures
1-3).

All teachers reported undertaking each of the six practices in
their CS classes to some degree. The responsibility of managing
the classroom (e.g., taking attendance, making sure students stay
on task) fell mostly to the teachers. However, different profiles
appeared in our three participants when looking at the other five
practices. Ms. Robinson had more opportunities to focus on analyz-
ing student work than on other responsibilities through assisting
students in class and grading their work. Mr. Miller had a high
level of involvement in multiple responsibilities, but he was notice-
ably less involved in assisting students and creating assignments.
Mr. Perez assumed most of the responsibilities in his class and his
volunteers provided support mostly through grading student work.

Figure 1: Self-reported distribution of lesson preparation
tasks across school year. Letters indicate the first letter of
each teachers name.

Figure 2: Self-reported distribution of instructional delivery
tasks across school year.

Figure 3: Self-reported distribution of evaluation of learning
tasks across school year.

4.1.2 Discussion of Practices. To gain additional insight into the
practices participants enacted, we reviewed open-ended question-
naire responses and interviews to identify instances where teachers
described instructional practices included in our literature-derived
coding scheme. Table 3 shows the number of units in our data set
where teachers discussed these practices. For example, Ms. Robin-
son discussed instructional practices in 28 of her units; 10 units
focused on assisting students. Note that units could receive multiple
codes, allowing for totals of subcategories to exceed the total of
their parent category.

Despite responding to the same questionnaires and interviews,
we saw differences in the specific practices each teacher discussed.
Ms. Robinson’s comments focused more on practices related to en-
acting her lessons than to practices related to planning lessons. She
did, however, discuss one lesson planning practice (i.e., reviewing
materials) multiple times. Also, there were two practices she never
discussed with us: finding materials and modifying materials. This
may be explained by her reliance on volunteers to lead the class and
by her teaching team following the PL curriculum closely. As she
commented during our first visit to her classroom: "We are following
along the [PL] lesson plan, a guide. So we are using the work - pretty
much following it very closely. Sometimes we don’t, but most of the
time we do."
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Table 3: Number of Units Focused on Instructional Practices

Category Robinson Miller Perez
Planning Lessons 11 23 21

Find materials 0 2 5
Create materials 1 3 6
Modify materials 0 1 3
Review materials 5 6 1
Practice materials 3 2 6
Organize lesson 3 9 8

Enacting Lessons 20 35 11
Assist students 10 9 6
Evaluate learning 7 14 3
Present ideas 4 20 4

Total Units (n) 28 51 29

Similar to Ms. Robinson, Mr. Miller’s comments focused more
on practices related to enacting lessons than on practices related to
planning lessons. He also discussed one lesson planning activity
(i.e., organizing lessons) several times. He talked most often about
presenting ideas. This may be explained by the setup of his part-
nership where he co-taught first period and taught independently
second period. He sometimes shared with us comparisons of the
two lessons or ways he revised his second period lesson based on
reactions to the first period lesson. For example, he once said, "I
like that [my volunteer] put in his repeat until [block], because that
was a working game - I did it a little differently in second period, I
made it a working game."

Lastly, Mr. Perez’ discussion of practices was more evenly dis-
tributed across all nine practices. This might be explained by his
assuming more of the responsibility in his course than his volun-
teers, creating the need for him to attend to more of the instruc-
tional practices. Based on our first conversation with Mr. Perez, this
approach aligned with his goals for the school year:

So, it being my second year of [the PL program], I have been interpreting
that as I should be taking the lead more. And having gone through the
training over the summer, I felt like I knew the curriculum a lot better
than [the volunteers] did, and so I didn’t want to trust my kids to other
people.

4.2 Learning through Instructional Practices
In the second phase of our analysis, we reviewed participant data
to identify ways in which their instructional practices provided
opportunities for teacher learning and factors that influenced these
learning opportunities. Since teacher learning is a complex process
influenced by personal and contextual factors [2] that might lead
to differences in how instructional practices influence the learning
process, we present the results for each participant separately.

4.2.1 Ms. Robinson. During this study, Ms. Robinson assumed a
mostly supportive role in her course while her volunteers led many
of the lessons. As we saw from her questionnaire and interview
data, she enacted and talked most about assisting students and

evaluating student learning. It appears these practices supported
her own learning by providing multiple artifacts of practice (i.e.,
student work to the same problems) that allowed her to identify
common approaches employed by her students as well as their
areas of difficulties. For example, she once discussed how grading
a test revealed a common misconception amongst her students of
how nested loops execute:

Well based on the tests that I was correcting yesterday kids were having
trouble with for loops. That was the highest commonly missed prob-
lem...a nested for loop...In fact, that is one of the things I want to go over
with the [volunteers]. It is just understanding that when you start with
the first for loop, that is related to the row. (Ms. Robinson, Sept. 25, 2015)

Her ability to enact these practices given her novice level under-
standing of the course content was supported by reviewing and
practicing materials. During these lesson preparation practices, she
often reviewed completed solutions from either her volunteers or
the PL curriculum. Reviewing completed solutions allowed her to
identify salient aspects of the lesson content that guided her as-
sessment of student work. For example, she once described how a
completed programming solution helped her decide how to check
the methods students wrote to shuffle values:

I had the solution, so I can compare, like ‘Okay, well this is what you
are supposed to do.’ I mean, I used it as my guide...And I am glad I did
look at the code beforehand because I did notice that they had to use
math.random and that gives it more of a randommix of shuffle. So if they
got at least half of activity three which included the random, I would
just move on. (Ms. Robinson, March 28, 2016)

Some of the practices Ms. Robinson discussed did not reveal
evidence of how they supported her computing PCK. For example,
when discussing how she organized her lessons, she talked about
sticking to timelines. Or, when discussing how she presented ideas,
Ms. Robinson would often indicate that her presentation lasted
longer than expected. In addition to classroom responsibilities, Ms.
Robinson was heavily engaged in the expansion of CS education in
her region. She acknowledged that attending to advocacy reduced
the amount of time she had to focus on learning course content:

So I am like marketing, advertising, promoting, teaching, and getting
people to help because I don’t know all of this computer science...And
so I am pretty spread thin...I am just trying to get the word out. That
is why I don’t have that much time to you know even sometimes do
the curriculum. But I am taking advantage of the great volunteers that I
have, because they can deliver. (Ms. Robinson, December 9, 2015)

While she had little time to learn content, advocacy work seemed
to keep Ms. Robinson motivated in her teaching assignment. Other
factors, such as motivation, may be as important to developing and
sustaining effective teachers as PCK.

4.2.2 Mr. Miller. During this study, Mr. Miller and his volun-
teers were in a collaborative stage of their co-teaching partnership
where all members contributed to the planning and delivery of
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lessons. His data revealed how combinations of practices provided
a cycle of feedback to support his learning. For example, when
we visited Mr. Miller in November, his class was working on list
traversals. Students had to create a list of names and then create
scripts to extract subsets of the list. Mr. Miller described how he
first practiced the assignment himself and then, while presenting
the lesson, received feedback from a volunteer on improving his
script:

I love the co-teaching because [the volunteer] even pointed out that I
had this unnecessary variable in my script. Because I am never sure if I
am doing this right. I love it if a programmer can sit down and say ‘here
is what I would have done instead.’ [My solution] worked, so I knew it
was somewhat right, but, yeah, there is a better way to do it. (Mr. Miller,
November 20, 2015)

Closer to the end of the school year, we visited Mr. Miller during
a lesson where the class reviewed a recent quiz on HTML. He
described how there was a syntax error in one of the quiz items
he created, an error that he only became aware of when grading
student responses:

I took last year’s quiz, and it was half on HTML and half on JavaScript.
So I just took away all the JavaScript questions and added my own HTML
and CSS questions. Thursday night as I was correcting it, I realized I
made a mistake in writing the code. I forgot the semi-colon in one place.
So I just made it part of the lesson, saying did anybody notice something
missing. (Mr. Miller, March 28, 2016)

Grading this quiz also provided Mr. Miller with a bank of student
responses from which he identified common errors and habits such
as ‘a lot of people didn’t close the opening tag’ or ‘they would use
upper case in one place and lower case in another’, all of which helped
to build his knowledge of student understanding of HTML and CSS.

There were some ways in which instructional practices did not
support Mr. Miller’s learning. First, his comments suggest that
time and limited student engagement may have constrained his
opportunities to learn. For example, he spent less time assisting
individual students in class so that he could circulate to more pupils:

And there are times like that where I am walking through the class, and
[the students] will say ‘I don’t get it, this isn’t working.’ And I don’t
always catch [the issue] right away. I feel great when I do, but sometimes
it is more complex. I don’t have five minutes to stand there and go, ‘wait,
let’s see, let me think out.’ So I have to say, ‘you should go block by block
through it and do the same sort of debugging techniques.’ (Mr. Miller,
October 2, 2015)

So, assisting students in real time restricted how deeply he could
reflect on student work. While this may have limited Mr. Miller’s
opportunity to learn, it may have enhanced his students’ opportu-
nities to learn as they took on more of the debugging work. Also,
throughout the school year, Mr. Miller discussed an occasional
lack of participation from his students during lectures and how
"nobody says anything." When students did not offer answers or

pose questions, Mr. Miller had no feedback to inform his knowl-
edge of student understanding or revisions for his lessons. Lastly,
management tasks also presented a barrier for Mr. Miller’s learning.
Sometimes while he took attendance or passed out prizes provided
by the PL program, Mr. Miller relegated more content-focused prac-
tices to volunteers:

I had a little trouble with timing. I was very happy to have the volunteers
there because I tried to walk around and let them help students, and then
I wanted to deal with the raffle, deal with the warmups, and the one girl
who lost her password on the survey. There was another student who
asked to use the printer. So all these little interruptions that I try and
comply and answer to, it takes away from class time. (Mr. Miller, May
13, 2016)

4.2.3 Mr. Perez. Mr. Perez assumed most of the teaching re-
sponsibility in his class so he was involved in all the practices we
examined. Much of his activity during the study focused on experi-
menting with the Computer Science Principles curriculum. He was
"trying riskier strategies, flying blind in an attempt to gather data to
inform next year." Because he was working with a new curriculum,
he spent a lot of time finding and modifying materials and then
creating a presentation to deliver content or rubrics to students.
For example:

I found sample scripts with bugs through [Beauty and Joy of Comput-
ing] and other CS teachers and solved each problem on my own. I also
organized these scripts into a presentation that had them in manageable
chunks...These resources provided the scripts that guide students’ think-
ing to most effectively practice Boolean operators, script variables, and
for loops. (Mr. Perez, October 5, 2015)

Although Mr. Perez felt comfortable with computing, he felt
overwhelmed by this cycle of finding, modifying, and creating
materials, which left little time for him to reflect on the materials.
This was notably apparent in a lesson we observed focused on
nesting higher-order functions (i.e., map, keep, combine):

[I am] feeling like I am still figuring things out, in general. Not making
sense of the material, but flying by the seat of my pants in terms of
preparing - like, converting it from [Beauty and Joy of Computing]
webpage format to working in a high school classroom format. Those
things have felt like a little much. (Mr. Perez, October 27, 2015)

Despite this discomfort, and maybe to overcome it, Mr. Perez
often practiced the problems he planned to give his students, which
supported his initial ideas around organizing lessons. However, it
was the enactment of those lessons that gave him feedback on areas
where students needed more guidance and on ordering content to
better support their learning:

I would also rethink how I introduce and emphasize nested [higher order
functions] so that it is a more deliberate process; I might also want to
emphasize composition of functions earlier in the course so that students
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are familiar with the idea before applying it to [higher order functions].
(Mr. Perez, October 27, 2015)

Mr. Perez also discussed some of the typical student approaches
to tasks in this lesson, such as using "a bunch of script variables
to store intermediate results" instead of the higher order functions.
In addition to student feedback during lessons, he also uncovered
this information through assisting students in lab time where he
preferred to spend more time with those struggling with content:

The closer work I was able to do with those struggling students allowed
me to get a better idea of the types of ideas students might struggle with,
and the types of thinking that would cause them to struggle. This will
help me to plan and instruct better this year and in future years. (Mr.
Perez, October 27, 2015)

To support this approach, he let his volunteers circulate around
to the rest of the students and created a classroom culture where
students felt comfortable asking each other for help.

5 DISCUSSION
A teacher’s role is multifaceted and involves many responsibilities
ranging from subject specific tasks (e.g., preparing instructional ma-
terials), general pedagogical activities (e.g., classroommanagement),
and other professional obligations (e.g., coaching extracurricular
teams). Teachers are often overwhelmed when confronted with
all these responsibilities once they enter the classroom and find
it difficult to attend to relevant events [16, 17]. At the same time,
experience is a key factor in developing teaching expertise [7]. In
our work with transitioning teachers, we have wondered (a) how
exactly does this learning from experience happen and (b) can we
offer guidance on how transitioning teachers should focus their
classroom experiences to better support their development? The
co-teaching arrangement we studied provided the opportunity to
explore how teaching practices allowed for teacher learning within
authentic classroom environments.

We first examined the instructional practices teachers enacted
related to specific lessons. Questionnaire and interview data high-
lighted that teachers were involved in nearly all the practices we
examined, but that the distribution of these practices between teach-
ers and volunteers varied across teaching teams. In all cases, co-
teaching alleviated some of the workload allowing teachers to focus
more on the practices of their choosing. As Mr. Miller once said,
"co-teaching takes much of the pressure to ‘do it right’ off my shoul-
ders."

Next we examined how the implementation of these instructional
practices related to learning and opportunities for participants
to develop their PCK. Enacting these practices allowed teachers
to work with authentic artifacts of practice (e.g., student work),
evaluate the utility of materials to support student understanding,
reflect on how best to present content to students, and apply their
content knowledge. While Ms. Robinson, Mr. Miller, and Mr. Perez
differed in how they engaged and learned from these practices, we
noticed some commonalities across the teachers’ experiences.

First, the usefulness of some practices for teacher learning de-
pended on the active participation of students and volunteers. For

example, presenting information during a lecture was helpful when
students provided ideas or responded to teachers’ questions. Or,
creating materials when one was not completely confident with
the content was helpful when volunteers highlighted inaccuracies
or inefficiencies in the work. In other words, instructional prac-
tices became learning moments when teachers and other classroom
actors interacted. This finding aligns with sociocultural theories
that view teacher learning as "distributed across all participants in
professional practice (including, in this case teachers and students)
and which relate to both the conceptual and the physical resources
available" [27].

Second, content knowledge played a role in the way teachers
learned from their practices. For example, Ms. Robinson, who was
less comfortable with her course content, benefitted from reviewing
completed solutions because they highlighted what she should
focus on. In contrast, Mr. Perez, who felt very comfortable with
computing, benefitted from completing problems himself because it
sparked ideas of how to organize his lessons. Differences mediated
by content knowledge were expected because prior research has
demonstrated a strong correlation between content knowledge and
PCK [8]. Without strong content knowledge, teachers struggle to
notice and understand student thinking and to participate in useful
discussions with their colleagues [20]. However, we saw evidence
that reviewing solutions completed by more knowledgeable others
might support PCK development in ways that practicing materials
might not afford. Namely, reviewing materials can scaffold teachers’
noticing of common or effective approaches. This finding aligns
with the literature showing the value of worked examples to support
learning [1].

Third, learning often occurred across practices. For example, Mr.
Miller created materials for students, but opportunities for his learn-
ing occurred when he evaluated student work in response to those
materials. Or, in the case of Mr. Perez, he often found materials
related to the new Computer Science Principles curriculum to use
in his class. But, opportunities for his learning occurred when he
began to modify the materials. So, there might be constellations of
practices to consider that provide teachers with cohesive experi-
ences where they can notice, interpret, and work with artifacts of
practice.

Fourth, enacting practices in real-time did not always allow suffi-
cient time for teacher learning. For example, the need to circulate to
all students during lab time made it challenging to spend extended
periods with struggling students and learn from their difficulties.
Or, the need to create or revise materials to present on a certain
date sometimes restricted time to reflect on the best ordering of
content to scaffold student learning. This is not entirely unexpected
given the cognitive load required to process all the information
and activities occurring within a classroom [17]. Furthermore, Ball
and Cohen [3], whose ideas we used to analyze data in this study,
caution that situating teacher learning in the classroom "confines
learning to the rush of minute-to-minute practice" and "interferes
with opportunities to learn." Thus, there may be some practices that
would support teacher learning better if they happened outside of
classroom teaching, at a time where teachers can be more reflective
and are not attending to the immediacy of the classroom.

Lastly, not all practices provided opportunities for learning re-
lated to PCK, nor should we expect them to. Successful teaching
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involves more than just content-focused activities. For example,
Ms. Robinsons’ advocacy work outside the classroom seemed to
serve as a motivator for her new role as a CS teacher and a vehicle
for connecting with peers. Belonging to a professional community
can help teachers overcome the isolation that is common amongst
many CS teachers [37]. The data highlighted, however, that re-
ducing some practices might service teacher learning more. For
example, aspects of managing the classroom (e.g., distributing ma-
terials) could be offloaded to volunteers so that teachers focus on
PCK-building practices.

At this point in our work, we have noticed that (a) instruc-
tional practices might vary in the opportunities they provide for
developing PCK expertise and (b) the usefulness of responsibilities
might vary based on a teacher’s content knowledge. While still
exploratory, these results may have heuristic value for thinking
more about the relationship between instructional practices and
PCK development. A few limitations in our work are worth noting.
Given the semi-structured format of the interviews and the focus
on individual lessons, caution should be exercised in interpreting
the data. First, the total number of units where teachers discussed
instructional practices were few, accounting for less than 25% of
each teacher’s total units. This study was situated within a larger
project focused primarily on PCK, so the majority of participants’
units addressed teaching knowledge. Second, study visits focused
on individual lessons and not entire units; it is possible that teachers
performed other practices outside of the study visits that were not
discussed during interviews. Designing more systematic ways of
eliciting the ways instructional practices support teaching learning
is an obvious next step for this work.

6 CONCLUSION
To expand CS education in primary and secondary schools, many
experienced teachers are facing a discipline they themselves have
not learned formally. These teachers need to be supported so they
develop not only the declarative PCK needed in CS classrooms but
also the procedural know-how to use this PCK effectively. This
concern, however, is not solely for transitioning teachers. Even
experienced CS teachers will need to update their teaching knowl-
edge base to incorporate new material, programming languages,
or paradigms into their courses (see [32] for an example). We urge
more scholars to focus on the enacted element of PCK so that we
can better understand how teachers new to CS or experienced CS
educators teaching new topics improve upon their craft through
their classroom experiences. Here we end with a few questions to
further research in this area.

How can instructional practices be scaffolded to better support
teacher learning? We saw earlier that Ms. Robinson benefitted from
reviewing materials completed by her volunteers because it drew
her attention to salient aspects of the solution. There may be ways
in which materials can be designed to encourage noticing of im-
portant features. Morrison, Margulieux, Ericson, and Guzdial [36]
provide such an example with the use of subgoal labeling of Par-
sons problems. There may be other ways in which instructional
practices can be designed and implemented to support teachers in
noticing and reflecting during their work.

How do teachers with no computing background learn from their
instructional experiences? Ms. Robinson, Mr. Miller, and Mr. Perez
all had prior experience with computer science. In the case of Ms.
Robinson and Mr. Miller, this experience dated back several years
but it still provided them with familiarity of their course content.
Teachers completely new to CS might learn from their instructional
practices in different ways than teachers who enter classrooms
with some content knowledge.

How do other models of co-teaching support teacher learning?
The distribution of instructional responsibilities between teachers
and volunteers was influential in providing teachers with learning
opportunities. However, the PL program encouraged “one teach,
one assist” and “team teaming” [44] models of co-teaching, so we
were not able to explore the utility of other co-teaching models.
Do other models, such as parallel teaching where each instructor
teaches the same material to different groups of students in the
same classroom, support PCK development differently? Also, the
PL program we studied recruited volunteers from the tech industry.
While volunteers brought CS content knowledge to their teaching
team, not all volunteers had pedagogical knowledge or experience.
Would the supports provided through the co-teaching model differ
if volunteers also had computing PCK?
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