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Education

Learning to Teach Computer
Science: The Need
for a Methods Course

A multipronged approach to preparing computer science teachers is critical to success.

OMPUTER SCIENCE IS a crucial
driver of innovation and pro-
ductivity in our technology-
rich society and there is a
strong demand for computa-
tionally educated workers. Yet, there is
a shortage of computer science under-
graduates and computationally educat-
ed students. Furthermore, computer
science plays only a minor role in high
school curricula in the United States.
Exposing students to computer science
in K-12 education could be a natural
pipeline for the field, but the U.S. is fac-
ing a very different reality: only 15,000
high school students take the Advanced
Placement Computer Science (APCS)
exam annually, less than 10% of U.S.
high schools offer an APCS course, and
nationally there are only 2,000 teachers
qualified to teach the APCS course.

The National Science Foundation
has started an ambitious effort, the
CS10K Project, to have computer sci-
ence taughtin 10,000 schools by 10,000
highly qualified teachers by 2016.
However, teaching quality computer
science courses not only requires sub-
stantial understanding of the specific
subject matter, but also a solid back-
ground of pedagogy. These two areas
of knowledge, referred to as “content
knowledge” and “pedagogical knowl-
edge” are important to someone who
hopes to become an effective teacher.
However, knowledge of just the content
and just the pedagogy is insufficient. It

is also important to understand ways
of teaching the particular subject mat-
ter, that is, to have pedagogical content
knowledge. Pedagogical content knowl-
edge is a kind of knowledge that “goes
beyond the knowledge of subject mat-
ter per se to the dimension of subject
matter knowledge for teaching.... [and
it includes] the ways of representing
and formulating the subject that make
it comprehensible to others.”*
Prospective teachers gain knowledge
in these three areas from three kinds of
courses: content courses in their disci-
pline (for example, mathematics and
physics), pedagogical courses that pro-
vide broad educational training (such as
learning theories and classroom man-
agement), and methods courses (peda-
gogical approachesto teaching a specific
discipline). For example, a mathematics
methods course weaves together knowl-
edge of mathematics with knowledge
about how children learn mathematics,
how the classroom environment influ-
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ences that learning, and the teachers’
role in student learning.'

In this column, we argue that in or-
der to meet the CS10K Project goals,
high school CS teachers must have in-
depth computer science knowledge
as well as strong pedagogical content
knowledge, developed through a com-
puter science methods course.

Learning to Teach

Learning to teach can be conceptual-
ized around four main ideas—learn-
ing to think like a teacher, learning to
know like a teacher, learning to feel
like a teacher, and learning to act like a
teacher.” These knowledge systems are
developed with a comprehensive un-
derstanding of the subject matter to be
taught as well as ways of teaching that
subject matter, that is, pedagogical
content knowledge. Teachers with in-
depth pedagogical content knowledge
understand ways of representing and
formulating the subject matter—us-
ing powerful analogies, illustrations,
examples, explanations, demonstra-
tions, and so forth—to make it under-
standable to students.” These teachers
also know which topics students find
easy or difficult to learn, which ideas
(often misconceptions) students bring
with them to the classroom, and how
to transform those misconceptions.
In addition, teachers understand how
students develop and learn as well as
how to teach diverse learners.
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A methods course is typically where
prospective teachers are introduced
to this skill set and learn about “peda-
gogical ways of doing, acting, and be-
ing a teacher.” This knowledge is de-
veloped within the context of learning
and teaching a particular subject area.
Transforming Ball’s statement about
mathematics to computer science im-
plies that a computer science methods
course is about how computer science
is learned and taught, and about how
classrooms can provide an environ-
ment for learning computer science.

A Computer Science Methods
Course: Learning to Teach CS
Recently, there has been discussion
within the CS education community
concerning the need for teacher licen-
sure programs to address the critical
need to adequately prepare high school
CS teachers.® At Purdue University, we
offer a CS Methods Course as part of
our computer science supplemental li-
censure program.? The methods course
builds upon existing course work in
computer science and education to pre-
pare secondary STEM education majors
to be effective high school computer
science teachers. Prospective teachers
take the course as a final step before
their student teaching experience.

a The Purdue Computer Science Teaching
Supplemental Licensure Program prepares
education majors to teach computer science
in secondary schools. For more information
and related coursework see http://csdedu.
cs.purdue.edu/license.
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Our CS methods course develops
students’ pedagogical content knowl-
edge through experiences that allow
them to think and act like computer
science teachers. Specifically, the
methods course trains prospective
computer science teachers to combine
pedagogical principles with computer
science content to improve the learn-
ing experience for their students. Pro-
spective teachers are expected to un-
derstand computer science concepts
as well as to have a basic understand-
ing of how children learn and how to
promote effective learning strategies.

The specific activities and assign-
ments in the methods course help
prospective teachers understand and
address computer science classroom
situations. The course involvesreading,
discussing, and reflecting on papers
that describe pedagogical practices of
teaching computer science principles.
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Reading materials for the course are
selected from a variety of sources, in-
cluding ACM SIGCSE, Reflections on the
Teaching of Programming,” and Guide
to Teaching Computer Science.’ For ex-
ample, we use Wu’s Castle® and image
processing* to illustrate ways of teach-
ing arrays and loops.

The course includes a labora-
tory component in which students
review and evaluate various peda-
gogical tools, such as DrJava, Alice,
Scratch, Light-Bot, Greenfoot, and CS
Unplugged® activities. The lab also in-
cludes areview of topics covered in the
AP Computer Science (Java) course,
including Gridworld."

Prospective CS teachers develop
lesson plans for teaching computer
science topics, chosen in consultation
with the course instructor. The lesson
plans detail student learning goals,
how the teacher (and students) will ac-
complish those goals, a corresponding
laboratory activity, and methods of as-
sessing whether or not students have
met the learning goals. The prospec-
tive teachers use one of their lesson
plans for a micro-teaching experience
during which they “teach” their peers/
course instructors (who role-play as
students) and practice their teaching
skills in a supportive environment. In
addition, students in the course also
complete a “theory in practice” com-
ponent (that is, field experience visits),
which involves observing local high-
school computer science classrooms.

Students keep two types of journals:
alearningjournal and a reflection jour-
nal. In their learning journal, students
record their reactions to the assigned
readings and class activities using a set
of guided questions. In their reflection
journal, they think and reflect upon
their visits to the school as well as their
micro-teaching experiences. These
prospective CS teachers benefit from
their reflections because it helps them
develop a clear and more complete un-
derstanding and insight into computer
science teaching. Specifically, reflec-
tions have been found to be very effec-
tive in developing a teacher’s thinking,
since “having to express oneself to
others, so that others truly understand
one’s ideas, reveals both the strengths

b See http://apcentral.collegeboard.com/apc/
public/courses/teachers_corner/4483.html.
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and the holes in one’s thinking.”*

The multifarious experiences built
into our methods course, such as class-
room observations and micro-teaching
combined with reflections provide op-
portunities for prospective CS teachers
to think, know, feel, and act like a teach-
er. The activities used in our methods
course also meet NCATE (National
Council for Accreditation of Teacher
Education) requirements of planning
and delivering lesson plans, observing
secondary CS teachers, and evaluat-
ing their own practice of teaching. The
many experiences (field experience, ob-
servation, micro-teaching, reflections,
and so forth) provided in our methods
course equip prospective CS teachers
with the ability to use a broad range of
pedagogical approaches and comput-
ing tools when they begin teaching a
computer science class (ISTE®).

We have presented one frame-
work for teaching a computer science
methods course; however, this model
is not meant to be prescriptive. Other
researchers have also been involved
in teaching computer science meth-
ods courses and have presented a
similar framework for their methods
course (see, for example, Lapidot and
Hazzan'). CS educators interested in
teaching a methods course must be
aware of contextual factors (for exam-
ple, student background, state teach-
ing standards, and teaching licensure
requirements) that are relevant to their
course. Regardless of the framework, a
quality methods course builds on stu-
dents’ comprehensive understanding
of computer science concepts and a
thorough knowledge of pedagogy.

Conclusion and Future Directions

To meet the CS10K goal, we need a
multipronged approach to preparing
computer science teachers, both at the
preservice and inservice levels. A CS
methods course is a necessary compo-
nent to prepare not only preservice, but
also inservice teachers to teach rigorous
computer science courses at the high
school level. A methods course geared
toward the needs of inservice teachers
could help them meet the challenges
of a CS classroom, such as creating and
maintaining a productive lab environ-

¢ See http://www.iste.org/Libraries/PDFs/NCATE_
ISTE_csed_2002.sflb.ashx.
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mentand assessing open-ended student
work (programs), while giving them op-
portunities to grow their pedagogical
content knowledge and enhance their
overall computer science knowledge.

Typically, high schools cannot af-
ford a full-time CS teacher (for exam-
ple, due to low enrollment), butinstead
must rely on teachers whose primary
licensure is in another content area,
such as mathematics. This situation
can lead to teachers with insufficient
pedagogical content knowledge to
teach CS courses. Furthermore, these
teachers face isolation in their school
because there are no other teachers
with whom to brainstorm ideas to
meet the challenges of a CS classroom.
The combination of rapidly changing
computer technology and busy work-
day schedules of teaching multiple
content areas also makes it difficult for
teachers to stay current in the field.

Historically, inservice teachers
have gained knowledge through uni-
versity courses as well as professional
development opportunities, includ-
ing workshops. However, professional
development approaches that rely
heavily on “one and done” workshops
are known to have limited success.’
Hence, there is a critical need to pro-
vide inservice CS teachers with oppor-
tunities for in-depth and continual
training so they can gain sufficient
knowledge necessary to offer rigorous
computer science courses.

These approaches to professional
development need to be sustainable,
scalable, and fit well within teach-
ers’ busy schedules. One potential
way to meet this need and provide an
accessible means for inservice teach-
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ers to expand knowledge and develop
skills to teach computer science (that
is, pedagogical content knowledge)
is through online courses. An online
methods course would allow teachers
to continue their learning and com-
municate with their peers about topics
and techniques they use when teach-
ing computer science. We believe such
a course has the potential to support
inservice CS teachers and develop their
pedagogical content knowledge.
Preparing CS teachers is an impor-
tant step to increase the role, avail-
ability, and recognition of computer
science in high schools. And given
that CS teachers need various kinds of
knowledge and skills to be successful
in the classroom, a CS methods course
is a necessary and important step to
meet this goal.
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