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ABSTRACT
CSAwesome is a new approved curriculum and professional devel-
opment (PD) provider for the Advanced Placement (AP) Computer
Science (CS) A high school course. AP courses are taken by sec-
ondary (typically ages 14-19) students for college placement and/or
credit. CSAwesome’s free curriculum and teacher resources were
developed in 2019 by adapting the CSA Java Review ebook on the
open-source Runestone platform. The goals of CSAwesome are to
broaden participation in the AP CSA course and to support new-to-
CS students and teachers as they transition from the AP Computer
Science Principles (CSP) course to the AP CSA course by using
inclusive teaching practices and curriculum design. The AP CSP
course is equivalent to a first course for non-majors at the college
level, while the AP CSA course is equivalent to a first course for
majors. Currently, AP CSA attracts a much less diverse student
body than AP CSP. This new curriculum supports student engage-
ment and scaffolded learning through an interactive ebook with
embedded executable and modifiable code (Active Code), a variety
of practice types with immediate feedback, and adaptable mixed-
up code (Parsons) problems. Collaborative learning is encouraged
through pair programming and groupwork. Our pilot Professional
Development (PD) incorporates inclusive teaching strategies and
active recruitment with the goal of broadening participation in
CSA. This paper presents the design of the CSAwesome curriculum
and teacher professional development and initial results from the
curriculum use and pilot PD during the first year of CSAwesome.
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1 AP CSA
The College Board’s AP Computer Science A (CSA) course is of-
fered in secondary schools (ages 14 - 19) and is equivalent to an
introductory college-level course (CS1) for CS majors [5]. Students
can take this course and AP exam for college credit and/or place-
ment. It covers Java programming fundamentals, object-oriented
programming, arrays, two-dimensional arrays, lists, searching, sort-
ing, and recursion. Over 64 thousand secondary school students
took the AP CSA exam in 2019. However, only 24.5% of the AP CSA
national exam-takers were female, 3.9% were African-American,
and 12% were Hispanic [13], see Table 1. The success rates of these
traditionally underrepresented groups in CS are also lower than
the national averages, see Table 2.

Table 1: Demographics of AP CSP and CSA 2019 exam takers

AP Exam Female Black Hispanic
AP CSP 32.7% 7.0% 19.7%
AP CSA 24.5% 3.9% 12.0%

Table 2: Demographics of AP CSP and CSA 2019 exam pass
rates (score of 3+)

AP Exam All Female Black Hispanic
AP CSP 71.7% 69.4% 41.9% 54.4%
AP CSA 69.2% 66.8% 37.1% 46.9%

In contrast, the newer AP Computer Science Principles (CSP)
exam [6], which is equivalent to a first course for non-majors at the
college level, has higher representation and success for female and
underrepresented minority students (32.7% female, 7.0% African-
American, and 19.7% Hispanic), see Table 1 and 2, although there is
still much room for improvement. The AP CSP course provides a
broad overview of CS including programming fundamentals (vari-
ables, loops, conditionals, and functions), often in block-based cod-
ing environments. It also encourages creative, collaborative, and
engaging projects, and support for equity-based pedagogy.

The number of students taking the AP CSP exam more than dou-
bled from 2017 (43,780) to 2019 (94,360) while the AP CSA exam has
seen steady growth of about 4,000 exams a year from 2017 (56,088)
to 2019 (64,197) [4], see Table 3. Many students are being intro-
duced to CS in a CSP course that uses a blocks-based programming
environment and then want to continue to text-based programming
in AP CSA. However, to meet this demand more teachers need to
be prepared to teach AP CSA, and we need curriculum that engages
students and ensures their success.

https://doi.org/10.1145/3421590.3421593
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Table 3: Number of Exam Takers 2017 to 2019

Exam 2017 2018 2019
AP CSP 43,780 70,864 94,360
AP CSA 56,088 60,040 64,197

According to [32], first year college students who took only
CSP in high school were more diverse than those who took only
CSA, but they had less computing confidence and less interest in
computing majors and careers. This suggests that AP CSP followed
by an engaging and inclusive AP CSA curriculum in high school
may better serve to broaden the pipeline into CS majors and careers.

2 CSAWESOME CURRICULUM DESIGN
CSAwesome [10] is a new free curriculum for AP CSA, developed
in 2019 by adapting the CSA Java Review ebook on the open-source
Runestone platform [18]. The curriculum adheres to the College
Board’s 2019 AP CSA unit layout and learning objectives as shown
in table 4. CSAwesome has been approved as an official College
Board AP CSA curriculum and PD provider for 2020-21. The CSAwe-
some curriculum has been successful in its first year with over
10,000 registered users and over 1,500 teachers in the Teaching
CSAwesome professional learning community and Google group
which allows access to teacher resources.

Table 4: AP CSA Units

Unit Name Topics
1 Primitive Types variables, expressions, opera-

tors
2 Using Objects constructors, methods, strings
3 Conditionals Boolean, control flow, compar-

ing objects
4 Iteration while loops, for loops, nested for

loops
5 Writing Classes constructors, accessors, muta-

tors
6 Arrays creating, traversing, enhanced

for loop
7 ArrayList traversing, searching, sorting
8 2D Arrays creating, traversing
9 Inheritance constructors, overriding, poly-

morphism
10 Recursion tracing, searching, sorting

The goals of CSAwesome are to broaden participation in the AP
CSA course by supporting students and teachers as they transition
from AP CSP to AP CSA with inclusive curriculum design and
teaching practices. The curriculum is based on an online interactive
ebook with embedded coding problems with frequent opportunities
for creativity and collaboration.

2.1 Ebook Design
The ebook design was informed by the theories of constructivism,
cognitive load, desirable difficulties, and social constructionism.

2.1.1 Constructivism. Constructivism posits that people learn best
when they are actively constructing their own knowledge and con-
necting new knowledge to what they already know [39]. The ebook
allows learners to actively construct knowledge through interac-
tive practice problems with immediate feedback: multiple-choice
questions, fill-in-the-blank questions, matching, and clickable code.

The ebook connects to what people already know through analo-
gies such as arrays are like rows of lockers and by showing how to
translate concepts from blocks-based languages to Java as shown
in Figure 1. This mapping helps teachers connect the previous con-
text (CSP) and the new context (CSA). This bridging process has
been shown to be effective in mediating the transfer of knowledge
between two areas [11].

Figure 1: Connecting blocks-based and Java for loops

2.1.2 Cognitive Load. Cognitive load argues that humans have
limited working memory and that overloading working memory
during instruction impedes learning [34]. Programming courses
often require students to write code from scratch, however this can
quickly overwhelm working memory [33, 38]. One of the recom-
mended approaches to reducing cognitive load is to use completion
tasks rather than whole tasks [37]. One way the ebook does this
is by providing mixed-up code problems also known as Parsons
problems [29]. In a Parsons problem, the user puts blocks of mixed-
up code in order to solve a problem as shown in Figure 2. This
type of problem may be particularly helpful in the transition from
blocks-based to text-based programming.

Parsons problems can also include incorrect blocks known as
distractors and may also require the learner to correctly indent
the code blocks as shown in Figure 2. While Java does not require
indentation, it is good programming practice and makes code more
readable.

Adaptive learning modifies the difficulty of problems to scaffold
a learner and attempts to keep the learner in the zone of proxi-
mal development (ZPD) [2], which is just beyond what the learner
can accomplish unassisted, but can accomplish with help. In the
CSAwesome course, there are two types of adaptations for Par-
sons problems: intra-problem and inter-problem to try to keep the
learner in the ZPD. In intra-problem adaptation if the learner is
struggling to solve the current problem it can dynamically be made
easier by removing distractors, providing indentation, or combin-
ing blocks. In inter-problem adaptation the difficulty of the next
problem is modified based on the learner’s performance on the last
problem.
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Figure 2: An example Parsons problem with distractor
blocks on the left and the correct solution on the right. Note
that the blocks are both in the correct order and indented
correctly.

There is evidence that most learners enjoy solving Parsons prob-
lems [29], many attempt to solve them [16], solving Parsons prob-
lems is more efficient for learning than writing the equivalent code
or than fixing code with errors [15, 17], and that learners are twice
as likely to correctly solve adaptive versus non-adaptive Parsons
problems [14].

Another technique to reduce cognitive load is using worked
examples plus interleaved practice problems [1, 35, 36]. A worked
example is an expert’s solution to a problem. The ebook contains
worked examples in the form of executable and modifiable Java
code followed by practice problems. Learners can also use a code
visualizer/stepper based on the Python Tutor [22] to step through
code examples as shown in Figure 3 [22]. All active code problems
in the ebook now have a Code Lens button which shows the Java
visualizer for that code to allow the student to step through the
code.

2.1.3 Desirable Difficulties. Desirable difficulties are those that
help learners store and recall information in multiple contexts [3].
One key idea of this work is that improving the learner’s perfor-
mance while learning can actually decrease long-term learning, and
conversely techniques that reduce the learner’s performance while
learning can actually lead to long-term retention and better re-
call. Some techniques that result in desirable difficulties are spaced
practice over time rather than massed practice [9, 30], interleaving
different subjects, and using tests for learning rather than just for
assessment. The open-source ebook platform, Runestone, has a
practice tool that supports spaced practice [40]. Instructors can
require that students correctly answer some number of questions
a day over some number of days. The questions are selected from
previously covered chapters based on a algorithm that predicts

Figure 3: The Java code visualizer/stepper

when the learner is likely to forget a topic. Learners can postpone
a question if they do not know the correct answer. In a study with
undergraduate students, each hour of use of the tool was associated
with a 1.04% increase in the final exam grade [40].

2.1.4 Social Constructionism. Constructionism is similar to con-
structivism in that they both agree that learners need to actively
construct their own knowledge. Social Constructionism adds that
this works best when working in social groups and when creating
something that you care about and can share with others [28].

To encourage social constructionism the ebook supports pair
programming, collaborative work, and creative open-ended projects
which have been shown to improve student retention, confidence,
and success in CS, especially among underrepresented students
[24, 25]. For example, students are asked to design a turtle house
working in pairs using Turtle graphics with loops and a text adven-
ture game when working with if statements. The ebook uses Turtle
graphics to introduce objects and classes and to allow learners to
use their body knowledge to understand programs [28].

2.2 Teacher Resources
The CSAwesome curriculum also supports new to CSA teachers
with comprehensive teacher resources. Each lesson in the book has a
corresponding lesson plan and unplugged activities and worksheets
developed by experienced CSA teachers. The lesson plans include
the CSA learning objectives and a detailed guide with timings for
the learning activities with a hook, direct instruction, guided prac-
tice, collaborative work, and reflection sections. They also contain
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inclusive teaching strategies and support for differentiation and
teaching tips to support the transition from CSP to CSA.

The curriculum also provides support for the AP CSA College
Board Labs and AP free response questions (FRQs). The College
Board provides labs which are not required, but can be used to
meet the minimum requirement of 20 hours of hands-on lab expe-
riences. Each lab provides programming practice in a context, such
as the Picture Lab, which covers two-dimensional arrays by having
students write code to modify pictures. The AP CSA exam has 40
multiple-choice questions and four free response questions. In a free
response question (FRQ) the student is given an English description
of a problem and must write code to solve that problem. FRQs are
challenging for many new-to-Java teachers and students. The cur-
riculum scaffolds FRQs though practice problems with immediate
feedback to help the student translate from English to algorithm to
code.

3 CSAWESOME PROFESSIONAL
DEVELOPMENT

There is a shortage of teachers who are trained to teach CSA, and a
demand among new-to-CS CSP teachers for additional professional
development to develop the skills necessary to teach AP CSA. Cur-
rently, many of the CSP teachers are new to CS and come from
other areas such as Math or Business; their only CS experience
comes from participating in a CSP PD which is usually using a
block-based programming environment (MIT App Inventor, Snap!,
Scratch, etc.). They require further PD to transition to teaching AP
CSA and more complex text-based programming using Java, as well
as continued support to use equity-based pedagogy in AP CSA.

CSAwesome held an online pilot PD for 24 CSP teachers during
summer 2019 and a hybrid pilot PD for 30 CSP teachers transition-
ing to CSA at the Pathfinders Winter Institute in February 2020.
Demand for CSAwesome PD has been substantial this past year,
with over 100 teachers submitting an interest form and 78 teachers
applying for 54 spots in our first two PD opportunities (summer
2019 and winter 2020), and over 100 teachers who have registered
for PD this summer (2020).

The CSAwesome PD is based on effective professional devel-
opment and learning theory by [12] which identifies seven key
areas for effective professional development: content-focused, in-
corporates active learning, supports collaboration, uses models of
effective practice, provides coaching and expert support, offers
feedback and reflection, and sustained duration. We use a master
teacher model where the PD facilitators are experienced CSA teach-
ers who model teaching, pedagogy, and work to build a professional
learning community. New-to-Java teachers are encouraged to take
a 65 hour summer PD and are supported throughout the academic
year.

The CSAwesome PD is offered in two differentiated formats:
extended PD (65 hours) for new-to-Java teachers and immersion
PD (45 hours) for teachers with more experience in text-based
coding. Teachers who are new to Java in the extended PD are
supported by PD facilitators in an initial 20 hours of online PD
to build up their Java coding and debugging skills covering the
first units of the curriculum. This part is optional for teachers
who have some Java coding experience. Then, the immersion PD

Table 5: Online Extended PD Schedule

Week Java Content Inclusive Pedagogy
1 Unit 1 Primitive Types Growth Mindset, Debugging

strategies
2 Unit 2 Using Objects Pair Programming, unplugged

objects activities
3 Unit 3 Conditionals POGIL groupwork, TLO teach-

ing practice
4 Unit 4 Iteration Creating welcoming environ-

ments, FRQ strategies, TLO
5 Unit 5 Writing Classes Unconscious bias and microag-

gressions activities, OOP activi-
ties, TLO

6 Unit 6 Arrays Active recruiting strategies, un-
plugged activities, TLO

teachers join the extended PD teachers in a 45 hour PD covering the
CSAwesome curriculum content, AP CSA materials, and inclusive
teaching and pedagogy. The PD can be in-person or online with
a blend of synchronous and asynchronous instruction. The PD
schedule in Table 5 shows the 65 hour extended PD covering Units
1-6 in 6 weeks with approximately 10 hours of work each week
followed by academic year support that will cover Units 7-10.

The PD facilitators, who are experienced CSA teachers trained by
the CSAwesome team, model teaching lessons, lead group practice,
support teachers through individual practice, and discuss teaching
pedagogy, equity and inclusive teaching. PD facilitators also support
the participants during the academic year with monthly meetings
to form a community of practice and provide just in time support
while the participants are teaching the course for the first time.
PD participants also practice teaching during the Teacher-Learner-
Observer (TLO) sessions of the PD, which provide teachers with
both an opportunity to gain confidence in a supportive community
as well as reflect on their practice [7, 21].

The CSAwesome PD is innovative in incorporating inclusive
teaching practices and pedagogical content knowledge (PCK) in
teaching CSA with the goal to broaden participation in CS. In
CSAwesome PD, teachers discuss inclusive teaching pedagogy and
practice mitigating stereotype threat, unconscious bias, and mi-
croaggressions in order to provide equitable access to CS learning
and increase the sense of belonging for underrepresented students
[23, 26, 27]. Including equity issues through discussions and cultur-
ally responsive computing lessons helps teachers recognize their
belief systems and how they impact students [21]. Teachers also cre-
ate student recruitment action plans and work on inclusive teaching
strategies based on their interests and school demographics.

The CSAwesome curriculum and pedagogy is structured around
inclusive teaching practices and PCK that support student engage-
ment [26] such as pair programming, collaborative group work,
process-oriented guided inquiry learning (POGIL), growth mindset,
active recruitment, and creating a welcoming physical environ-
ment. The Tapestry Workshops [8] and partners emphasized using
pair programming, projects that connect to student interests and
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other subject areas, as well as interventions from educational psy-
chology such as growth mindset, normalizing struggle, providing
feedback, and self-affirmations. These interventions are helpful for
all students, but have been shown to narrow achievement gaps for
students underrepresented in STEM who are impacted negatively
by stereotypes.

4 CSAWESOME PD RESULTS
Initial results from the Summer 2019 and Winter Pathfinders 2020
pilot PD cohorts indicate that teachers’ CS content knowledge and
ability to teach AP CSA Java were positively impacted by the PD.
Most (n=31) of the 54 teachers in the two PD cohorts took the
pre/post test that was developed and used in the Runestone Java
Review ebook for the past six years. This is a difficult test of 20
questions modeled on the AP CSA exam where a passing score is
about 50%. For the PD participants who were mostly new to Java,
the average Java post-test score taken after the PD was 65%, 18%
higher than the average pretest score taken before the PD which
was 47%, see Figure 4. The distribution of the scores varied widely
and did not correlate with self-identification as novice/expert or
years of teaching CS. However, all scores exhibited a significant
increase after the PD (p<=0.01, n=31).

Figure 4: Pre and Post Test Averages (n=31)

We also gave a retrospective post-PD survey to teachers (n=39
out of the 54 PD participants) which was based on validated CS
education instruments including the BASICS Questionnaires and
Interviews [19], CS4HS Teacher Professional Development [31],
and WeTeach_CS motivation survey [20] instruments. In post-PD
surveys, 92% of PD participants (n=39) agreed or strongly agreed
that the PD sessions for CSAwesome significantly improved their
ability to teach CS content and 64% agreed or strongly agreed that
the CS Awesome PD was helpful in making the transition from AP
CSP to AP CS A.

On a scale of 0 to 100 (beginner to expert), teachers on average
self-rated their CS experience level as 19 points higher after the
PD (p<=0.00, n=39), with an average of 48% before the PD and 67%
after the PD. After the PD, 67% (n=39) of teachers strongly agreed
that teaching AP CS A Java will be rewarding and worth the effort
compared to only 41% before the PD.

Teacher confidence and ability to teach CS content was also pos-
itively impacted by the PD. Of teachers who completed the PD, 93%
(n=39) agree or strongly agree that CSAwesome has significantly
improved their ability to teach CS content. Before the PD, 62% (24
out of 39) of teachers indicated they had major or primary concerns
about teaching Java. After the PD, 79% indicated that teaching Java

was not a concern or a minor concern, and only 21% still indicated
it was a major or primary concern (p<=0.00), see Figure 5.

Figure 5: Post-PD retrospective survey (n=39): I am con-
cerned about teaching Java (before and after the PD)

During the pilot PD, we ran into challenges and learned from
these to adapt the PD. The first PD included new and experienced
teachers which made organizing and pacing the PD content difficult.
The second PD was just for teachers who were new to CSA, but
we found that they still had varying knowledge of programming
and Java. We found that it is essential to gather more information
about the knowledge levels of the teachers and to concentrate
the PD on effectively teaching CSA, rather than helping teachers
become proficient Java programmers. Differentiated PD that meets
teachers at their knowledge levels, particularly with the variety
of backgrounds that teachers bring to CS, is essential in CS PD.
Another difficulty that we ran into was retention of the participants
during the academic year and during the Covid-19 pandemic. We
hope to have better retention in the summer.

5 SUMMARY AND FUTUREWORK
This paper presents CSAwesome, a new curriculum and profes-
sional development provider for the AP CSA exam, as well as initial
results from the curriculum and pilot PD during the first year of
use. The goals of CSAwesome are to broaden participation in the
AP CSA course and to support new-to-CS students and teachers as
they transition from the AP CSP course to the AP CSA course by
using inclusive teaching practices and curriculum design. This new
curriculum supports student engagement and scaffolded learning
through an interactive ebook with embedded executable and modi-
fiable code (Active Code), a variety of practice types with immediate
feedback, and adaptable mixed-up code (Parsons) problems. The
ebook design is based on the theories of constructivism, cognitive
load, desirable difficulties, and social constructionism. The CSAwe-
some PD follows effective professional development and learning
theory and incorporates inclusive teaching, equity, and active re-
cruitment strategies with the goal of broadening participation in
CSA. Results from the first two PD cohorts show improvements in
teachers’ content knowledge, confidence, and ability to teach CSA.

During the summer of 2020, CSAwesome ran differentiated PD
for over 200 teachers in three different formats: Intro to Java (20
hours) for teachers who want to explore learning Java, Extended
PD (65 hours) for CSP teachers who are new to Java and will be
teaching CSA for the first time in 2020, and Immersion PD (45



WiPSCE ’20, October 28–30, 2020, Virtual Event, Germany

hours) for teachers who are more experienced in Java or coding
and want to learn how to teach AP CSA with CSAwesome. The
teachers in the extended PD will take part in our research study
to gather data on their progress and their students’ progress with
pre/post tests and surveys.

The CSAwesome curriculum will also be improved using teacher
input and participation. In one large project completed this summer,
teachers volunteered to write JUnit tests for all of the embedded
active code in the ebook to make them auto-gradable and to provide
immediate feedback to students. We will also analyze the anony-
mous clickstream data from CSAwesome to investigate how learn-
ers actually use the ebook and to identify areas for improvement.
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