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OVERVIEW

’ 1 In the past few decades, computer science has driv-
en innovation across a variety of academic fields and become a
robust part of democratic participation and the labor economy.
Today’s youth are surrounded with applications of these new
technologies that affect how they access and produce informa-
tion and communicate with friends, family, and educators. Yet,
though students often gain skills as “users” of these technolo-
gies in schools, too many have been denied opportunities to
study computer science and produce new knowledge required to
become “creators” of computing innovations. The students who
do study computer science courses often represent only a narrow
band of students that excludes significant numbers of girls and
students of color. Further, for a field that depends on creativity,
a homogenous workforce fails to take advantage of those with
diverse experiences and world viewpoints that likely foster diver-
gent and fresh thinking.

This article will provide an overview of Exploring Computer
Science (ECS), a curriculum and program developed to broaden
participation in computing for high school students in the Los
Angeles Unified School District. This program is framed around a
three-pronged approach to reform: curricular development, teacher
professional development, and policy work across a variety of edu-
cational institutions. The focus is to provide the necessary struc-
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tures and support to schools and teachers that leads to high qual-
ity teaching and learning in computer science classrooms. In ECS
classrooms, high quality teaching and learning is viewed within
the frame of inquiry-based teaching strategies that lead to deep
student content learning and engagement. The incorporation of
equity-based teaching practices is an essential part of setting up the
classroom culture that facilitates inquiry-based learning.

As the second largest and one of the most diverse districts in the
United States, the Los Angeles Unified School District provides
an important context to understand opportunities and obstacles
encountered while engaging in institutional K-12 computer sci-
ence education reform. This article will begin with an account of
the educational research that provided key information about the
obstacles students encounter in computer science classrooms. Next,
we will describe the key elements of the ECS program. Finally, we
will highlight several lessons that we have learned that inform the
CS 10K campaign (see Jan Cuny’s Critical Perspective “Transform-
ing High School Computing: A Call to Action”, #his issue).

»)

to address the issues of underrepresentation in secondary computer

BACKGROUND
The ECS program was developed in an explicit effort

science education. The creation of this program built upon findings
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from a three-year, qualitative research project, which examined why
so few females, African Americans, and Latinos were studying com-
puter science in urban high schools. The results, discussed more fully
in Stuck in the Shallow End (Margolis, Estrella, Goode, Holme, &
Nao, 2008), revealed a combination of structural and psychological
forces that limited access, recruitment, and retention of students.
Course offerings, departmental designation, teacher preparation,
instructional resources, and the educational climate of school ac-
countability required by state and federal legislation all shaped the
availability and quality of computer science education opportunities
for students. Interviews and longitudinal classroom observations
also highlighted how educators’ belief systems about who could
and should learn computer science mediated student participation
in computing courses. For example, often counselors and teachers
served as gatekeepers to computing courses, only allowing those with
a perceived “natural ability” to enroll in more challenging computing
courses. This “natural ability” was often a proxy for those who had
preparatory privilege at home that led to early experiences with com-
puting. These educator belief systems can make computer science
courses essentially inaccessible to many historically underrepresented
students even when courses are officially “offered” at a school site.

Propelled by a common commitment to galvanize behind the
findings of this study and democratize computer science education
in the local region, a group of educational researchers, university
computer scientists, and Los Angeles Unified district officials came
together to change the landscape of computer science education
in Los Angeles public high schools. Until this point, courses were
haphazardly sprinkled across just a few high schools in the dis-
trict, and instructors had never come together for any professional
development. This interdisciplinary partnership (the Broadening
Participation in Computing “Into the Loop” Alliance) collaborated
to design a reform effort that would simultaneously address cur-
riculum, professional development, policy, and equity in order to
broaden participation in computing.

The first effort of our partnership was to expand on the AP
Computer Science program in the district. Through district policy
memos, principal outreach, ongoing teacher professional develop-
ment, and the procurement of a common curriculum for all class-
rooms the number of classes and students dramatically increased in
just two years. The number of courses increased from 11 to 23, and
the number of students enrolled in Advanced Placement Com-
puter Science increased from 225 to 611 students. Not only did the
total number of students increase, but also the enrollment of girls
quadrupled, Latinos quintupled, and African Americans doubled
(Goode, 2007). We found that the combination of a common cur-
riculum, intensive professional development, and district support
mechanisms were effective motivation for schools to offer addi-
tional, more rigorous courses in computer science.

Yet, underlying these increased enrollment numbers was a ten-
sion that the programming-centric focus of the AP course and the
advanced, college-level status was not an accessible point of entry for
most students. Three years into this work, we recognized the need for
a foundational high school course introducing students to the major
concepts of the field of computer science, and a course that had the
potential to engage the diverse populations of Los Angeles schools.
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’3 DEVELOPMENT OF ECS: A FOCUS
ON CURRICULUM, INSTRUCTION,
& POLICY

Relying on educational learning theories and research showing the

inseparable link between curriculum and instruction, ECS was de-
veloped in alignment with inquiry-based design framework. Un-
like the development of other computer science courses, the design
of the general instructional paradigm of ECS was as important as
the selection of the particular computer science content. Specifi-
cally, this course adopted an inquiry-based approach to teaching
and learning computer science, an instructional strategy advocated
by the National Research Council (2000).

The National Academy of Science defines the term “inquiry” in
two distinct and complementary ways. First, it refers to the abilities
students should develop to be able to design and conduct scien-
tific investigations. Doing inquiry in computer science includes the
ability to identify the problem and related conditions, developing
some initial strategies for solving the problem, experimenting with
various strategies, and examining which approach is ideal given the
various contextual constraints of the problem. In computer science
education, many refer to this notion of doing inquiry as computa-
tional thinking practices.
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Second, inquiry also refers to a particular set of teaching and
learning strategies that enable concepts to be understood through
hands-on investigations. Inquiry-based teaching and learning is
characterized by a student-centered approach that empowers stu-
dents to help define the initial conditions of problems, utilize their
prior knowledge, work collaboratively, make claims using their own
words, and develop multiple representations of particular solutions.
Rather than disseminating knowledge through a lecture format,
teachers encourage students to arrive at knowledge claims them-
selves, thus owning their own learning process.

standard articles

or Native American history as well as cultural activities in dance,
skateboarding, graffiti art, and more. These types of lessons are
important for students to build personal relationships with com-
puter science concepts and applications — an important process for
discovering the relevance of computer science for their own life.
Allowing students to build an authentic identity as someone who
does computer science within a familiar cultural context increases
the likelihood that they will pursue additional study or careers in
the field (Barton and Tan, 2010).

Major concepts, rather than discrete collections
of facts, are at the center of inquiry. This type of
teaching and learning environment is particularly
effective when the curriculum is project based.

It is critical to note that inquiry is not an un-
guided or unstructured learning approach. Rather,
teachers must create structures that encourage stu-
dents to ask critical questions within a particular
domain of knowledge. Teachers then act as a dy-
namic guide, facilitating the student inquiry and
asking questions of students to help steer their
investigation. To be able to ask the critical ques-

The ECS professional development
program begins with a weeklong
summer institute where teachers
work through the first half of the
curriculum—enough content for
the first semester of the course.

tions that connect students’ prior knowledge with
the concept at hand, teachers must be familiar with
the cultural and academic background of their students. This type
of teaching, then, is a significant shift for educators who have been
trained in simply disseminating content to students.

The ECS Curriculum

The curricular content of the course was decided in consultation

with a group of leading computer science educators concerned
with secondary computer science curriculum. Ultimately, topics
were selected in an effort to make the course academically rigorous
and simultaneously engaging for high school students. From the
topics chosen by this group of educators, a blend of conceptually
focused and experiential units were constructed to showcase both
the academic underpinnings and applied practices of topics within
computer science. Though the units are created in ways that allow
for dynamic substitutions, the current ECS curriculum includes
Human Computer Interaction, Problem Solving, Web Design,
Programming with Scratch, Data Analysis and Computing, and
Robotics (Goode & Chapman, 2011). Each unit begins with the
introduction of a project that culminates the learning of the par-
ticular unit.

Including culturally relevant instructional materials represented
a driving focus of our course development. Following the lead of
educational researchers who note that students bring rich sets of
“funds of knowledge” to the classroom about homes and communi-
ties, lessons and assignments in ECS draw on students’ own prior
experiences and knowledge to engage culturally diverse students
in computer science. Examples of culturally situated applications
of computer science are also integrated in the curricular materi-
als to highlight the multicultural roots of computer science. These
cultural design tools encourage students to artistically express
computing design concepts from Latino/a, African American,

An Intensive Teacher Support Model
Unfortunately, it is all too common for CS education reform efforts

to focus narrowly on the subject matter of the discipline, with little
consideration to ¢ransforming teacher pedagogy. Our ECS guiding
philosophy is that there is a deep connection between teaching and
learning, and that handing educators a new curriculum is not suf-
ficient to support inquiry and equity-based teaching. Curriculum is
more than “notes on a page” and radical transformation of teaching
is required to broaden participation in computing. This requires a
well-conceived system for teacher learning.

For these reasons, the ECS program closely couples the curricu-
lum with on-going teacher professional development and commu-
nity building. The aim of this program is to help support teachers’
learning of the ECS content while simultaneously strengthening
teachers’ pedagogical content knowledge that supports the teach-
ing of ECS. For many teachers, building a pedagogy that supports
inquiry-based teaching and equity practices in the classroom is a
multi-year process. This ongoing learning process with colleagues
and university educators leads to a professional teaching commu-
nity - another key aim of the ECS teacher support model.

The ECS professional development program begins with a
weeklong summer institute where teachers work through the first
half of the curriculum—enough content for the first semester of
the course. During the academic year, quarterly follow-up Satur-
day sessions are held to focus on the remaining three units of the
curriculum. Thus, the Summer Institute and quarterly follow-up
sessions are not separate events, but part of a rolling system of
whole-group professional learning workshops. During these ses-
sions, teachers alternate planning and team-teaching particular les-
sons as ways of learning content, practicing inquiry-based teaching
methodologies, and having particular teaching moments serve as
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fodder for debriefing discussions about strategies in teaching com-

puter science within diverse learning contexts. This ongoing model
of professional development also provides teachers an opportunity
to meet on a regular basis and share their classroom teaching expe-
riences while simultaneously learning new curricular content and
pedagogical approaches.

Providing ongoing professional development for this communi-
ty of teachers has highlighted the importance of continuing support
past the first year teachers participate in the program. Once they
have taught all the way through the cur-

science classes are often relegated to low-level training domains
and lose much of the academic content. Relatedly, few states of-
fer computer science teaching credentials. Without a credentialing
program, there are limited ways to learn the teaching methodolo-
gies effective for instructing computer science. Thus, as part of any
reform effort, local and state policies need to be addressed to work
towards sustainability in the schools.

On the local level, the ECS program relied on our partnership
with the school district to learn the local communication and de-

cision-making process. In LAUSD,

riculum the first year, teachers are sig-
nificantly less concerned about learning
the content of the course and are able to
devote more attention towards changes
in pedagogy that improve teaching and
learning in the classroom. Furthermore,
they are in a professional space that is
rich for reflection on teaching suc-
cesses and challenges in their own ECS
classroom. Teacher education literature
notes that this type of professional re-
flection is key to growth in professional
practice (Howard, 2003). The impor-
tance of this two-year model of profes-
sional development for ECS cannot be
overemphasized.

Though our research has shown
that the ECS summer institutes and
weekend workshops are very helpful
in supporting ECS teachers, the data
also concurs with findings that reveal
how summer professional develop-
ment workshops alone are insufficient
to transform classroom practice, and
how in-classroom follow-up learning
is necessary. As a result, we established

Without a clear “fit"”
into the common
core, computer
science classes are
often relegated to
low-level training
domains and
lose much of the
academic content.
Relatedly, few states
offer computer
science teaching
credentials.

much of communication came in
the form of memos for school board
members, local area superintendents,
and principals. We used this system
to distribute information about the
program and to recruit interested
schools. One of our team collabora-
tors serves on a principals leadership
group, and he uses his knowledge of
local schools and personal relation-
ships with other administrators to
place ECS classes in school’s course
offerings schedule. Once a teacher is
identified at that school, they become
part of the professional development
program and are given additional
tools to help with recruitment at their
school site.

At the state level, we acknowledged
the need to give academic credibility
to ECS. To this end, we engaged in an
approval process with the University
of California Office of the President,
requesting status for ECS as an of-
ficially recognized elective with “col-
lege preparatory” status. This status

an in-classroom coaching program and

teacher inquiry groups. Coaches and researchers conduct regular
visits in the ECS classrooms to model teaching, engage in co-
teaching planning discussions, and hold reflection conversations
with teachers. Along with the professional development work-
shops, these classroom visits provide the types of interaction teach-
ers might have if they were not the sole computer science teacher
at their school.

Policy
A critical part of the ECS reform initiative is tackling the institu-

tional issue of placement of computer science within the traditional
curricular canon. This is not a challenge to be taken lightly, con-
sidering that the core academic subjects defined by No Child Left
Behind are the same curricular domains defined a century ago dur-
ing the industrial age (Tyack & Cuban, 1995). Updating the “core
curriculum” to reflect 21st century knowledge, requires multiple
levels of support — from state officials, administrators, counselors,
and teachers. Without a clear “fit” into the common core, computer
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was awarded, and though we initially
applied to be an elective in the mathematics category, the ECS
class was assigned elective status in the Career Technical Educa-
tion (CTE) category. Though functionally this assignment is not
important for students, it signified an important opening for ECS
to fit into multiple pathways in the high school curriculum. In a
sense, this is a course that counts in two different, complemen-
tary ways — as a college elective and as a career-technical educa-
tion course. Rarely does a single course satisfy both of these criteria
and attract two different school populations to the same academic
class. Positioning ECS as a CTE course will help strengthen ECS
sustainability. CTE is becoming more central to California sec-
ondary education, and the California CTE leadership has also
been a strong proponent of ECS. CTE is interested in using ECS
to anchor a sequence of CS courses that can be brought into the
schools. Additionally, CTE is a good source of potential funding
for resources, such as robots, and capacity building such as PD ex-
penses. This is critically important in a time of financial crisis of
most urban school districts.



) 4IMPACT OF ECS
Measuring success in equity-based computer science

education reform can be examined through student access to the
course, changes in student engagement and interest with computer
science, and the amount of computer science content learned be-
cause of a particular class or program of study. Currently, we are
investing much of our project resources into designing measures
to assess student learning of both CS concepts and the problem
solving at the heart of ECS. However, we have used student and
teacher surveys, interviews, district enrollment data, and field ob-
servations to examine issues of access, engagement, and interest in
ECS.

In the first four years the course was offered in Los Angeles
schools, enrollment has increased significantly. Following a pilot in
five schools involving 306 students, enrollment tripled to 922 stu-
dents in 2009-10. In the past three years, course enrollments have
continued to increase at a rate of 50% per year, and now, over 2000
students are enrolled in ECS in the 2011-12 school year. However,
our goals of broadening participation go beyond looking at in-
creases in student participation rate and require an examination of
participation rates of traditionally underrepresented students. Im-
portantly, girls represent 40% of ECS students, African Americans
represent 10% of enrollment, and Latinos represent 71% of en-
rollment. In LAUSD, Latinos are 73%, African-Americans 10%,
Asians 6%, and Whites 8% (www.ed-data.k12.ca.us).

An analysis of student responses about their interests and en-
gagement in the beginning and the end of the course show stu-
dents significantly increased in their motivation to pursue and
engage in computer science and related activities over the course
of the year, as measured by the Computer Science Attitude Survey.
Selected findings include:

= The number of students reporting being “Very interested” in
learning more about computer science increased from 17% to

43% after taking ECS.

= Over half of the students (60%) responded that they could
envision themselves working in a technology-related field in
the future. In addition, 44% of participating students reported
being interested in a computer-science related field as a future
career.

Asking students to describe what they learned in their own
words cast a more descriptive light on student experiences in ECS.
At the end of the year survey, students were asked to complete the
phrase, “Because of ECS, I....”. A sampling of answers that high-
light engagement in computing concepts, inquiry approaches, and
creativity include the following.

® [Am] more in tune with how everyday things that effect might
life are made and programmed

» Learning how to be specific

» Capable of learning and adapting to problems and learning ifs
solution

= More imaginative

® Quite a nerd and happy I got this class

= I now have patience. I'm not scared or shy to speak my mind or
ask questions

standard articles

» Thinking more logically and always trying to get around and
overcome obstacles in my way

® Because of computer science I am now more experienced at some-
thing I didn’t even know existed

= More aware of the computer science world. I now know what it
takes to be part of it and how difficult yet fun it can be

» Able to recognize I am a problem solver and problems can be
solved in a variety of ways

» Able to think outside of the box. Instead of just thinking every-
thing just happens I know there is a lot of hard work that is put
into everything that happens.

» I'm more creative and I don’t give up when something that I
don’t completely understand is difficult. I keep trying and see the
results.

s Smart NN

’ 5LESSONS LEARNED FROM ECS

The systemic approach ECS has taken to reform
computer science education in Los Angeles has been met with
multiple successes, some setbacks that result from the larger educa-
tional crisis, and lessons learned. We have documented this process
in an effort to provide our process as a case study for other local
areas wanting to reform computer science education in culturally
diverse schools, while recognizing that each local situation differs
in important ways. Yet, there are many commonalities as well. As
the computer science community considers the CS 10K Teachers
Campaign, the ECS project offers suggestions based on lessons
learned in the Los Angeles reform program.

1. Investing in Local Partnerships
Navigating the bureaucracy and structures of local education agen-
cies takes both time and a “fit” within the many mandates and
needs of local schools. Aligning with existing reform programs can
be a good entry into schools. Depending on the particular local
context, effective communication mechanisms must be designed
to facilitate true cooperative decision-making on key reform ele-
ments by district officials, educational researchers, and computer
science educators. Building a network of teachers, administrators,
and school officials who are invested in the program can address
issues of institutionalism, and ultimately sustainability, within the
school system. This approach requires a “bottom-up” approach to
impacting policy and requires relationship building on multiple
fronts and settings with a variety of educators and policymakers.
Recruiting local schools and teachers to participate in computer
science education programs is made easier when professional and
material resources needed to launch a successful and academically
rigorous computer science class are made available at no initial ex-
pense to schools. For administrators, the lure of a university-devel-
oped common district curriculum, extensive teacher content and
pedagogy support, and class sets of computing resources provides
a cohesive framework of support that makes the initial offering of
the class less risky. With a successtul launch, ongoing institutional-
ization to sustain the course is more likely to take place.
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2. Talking about “Quality Teachers” — The Elephant in the
Room
The reform effort in Los Angeles highlights the importance of

providing teachers ongoing professional support to reflect upon
and improve their instructional classroom practices. Classroom
observations highlight the vast differences in teaching styles and
teaching effectiveness in the classroom. Our rich ethnographic
data, that we have been gathering through classroom observations,
surveys, and interviews, beautifully illustrates that simply placing
a teacher in a computer science classroom — even with supportive
professional development — does not ensure the type of high-qual-
ity teaching that excites and motivates youth. Computer science
education reform efforts must seriously address issues of teacher
quality and teacher effectiveness — particularly for working with
culturally diverse students. Otherwise, we run the risk of dull peda-
gogy or culturally insensitive practices continuing to turn students
away from the computing discipline.

We cannot confuse mastery
of computer science with
competence in classroom
teaching. In fact, we have
found that few of our

ECS teachers had already
mastered CS content when
entering the program.

Certainly, there is extensive evidence in educational research lit-
erature showing that quality teaching is the most significant vari-
able for determining student achievement and thus have a criti-
cal effect on determining life opportunities (Darling-Hammond,
1997; 2002). We cannot confuse mastery of computer science with
competence in classroom teaching. In fact, we have found that few
of our ECS teachers had already mastered CS content when en-
tering the program. And, some of our strongest teachers are from
other non-STEM disciplines such as social studies and English.
While having a strong computing background is an absolute plus,
it 1s clear that the CS10K efforts should not be limited to those
who have already mastered the content.

3. Appropriate Measures of Reform Success Must be Used

Disrupting the traditional secondary curriculum with the introduc-
tion of computer science education can entrap reformers into prov-
ing that other subjects benefit as a result of the knowledge trans-
ferred from this class (i.e. mathematics or science achievement) or
that students are more likely to choose to enroll in computer sci-
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ence classes in the future. These are incredibly high, if not impos-
sible standards for any one high school class to obtain, and the high
possibility of confounding variables makes it difficult to ultimately
make any conclusions. Additionally, these types of measures dilute
the importance of computer science as essential knowledge for 21st
century students in its own right. For instance, geography educa-
tors are not required to prove that geography increases test scores in
other subjects, nor are they asked to assure students go on to major
in geography in higher education. Instead, gaining the knowledge
of geography itself is seen as an important goal of contemporary
schooling as preparation for being a responsible global citizen. As
a community of computer science educators, we must allow ac-
cess to learning computer science education in high school serve
as a fundamental right to learn, rather than a stepping-stone for a
future purpose.

4. Equity Must Go Beyond Access

While increasing the number of courses and teachers is a critical
step, equity will require more than access. Computer science is a
field that long been identified with a narrow band of white and
Asian males-—-especially those who have had the resources to start
their exploration with computing at a young age. The learning en-
vironment of the more advanced computer science classrooms has
supported the culture of these students and often made others to
feel as “outsiders,” as if their concerns, perspectives, were not valued
in the field. Having assignments, projects, and dialogues that value
the concerns, identities, and viewpoints of a diverse student body is
important to building real equity in a classroom.

Addressing equity at the classroom level, then, requires an ex-
amination of equity-based teaching practices. Such practices vali-
date all voices and perspectives in the classroom, particularly those
that reflect culturally diverse experiences. These practices include
a vision of success for all students, and instructional strategies that
foster the participation of all learners in the classroom setting. This
attention to equity at the classroom level, and not just at the “ac-
cess” level, is essential for authentically broadening the participa-
tion in computing.

’6CONCLUSION
Broadening participation in computing at the local

level requires a sustained, long-term effort that builds and leverages
partnerships to expand opportunities for students to learn com-
puter science. However, as we have found, access to courses is not
enough. Rather, our model of broadening participation in com-
puting focuses on increasing access to high quality and culturally-
relevant curriculum and teaching in classroom settings populated
by culturally diverse students. Simultaneous policy work ensures
the academic credibility and placement of this class within rigid
course offerings of high schools.

As we move forward, our ECS program has begun to focus on
two of the outstanding and challenging issues facing the CS10K
movement.

1) Quality teaching—What does it look like? How can it best

be measured?
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2) Assessment of student learning—What should be measured

and how best to do it?

These issues combined with what we know about curriculum
development, teacher professional development and community
building, CS pedagogy, inquiry and equity instructional practices,
and policy changes, all are critical components to building an effec-
tive program for broadening participation in computing. In the call
to expanding computer science education, ECS serves as one ex-
ample for working authentically in partnerships with public schools
at the ground level in culturally diverse school classrooms. Ir
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