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e Several major urban school districts are exploring some sort of universal computer
science education; in New York, computer science will be available to all students, and
in Chicago and San Francisco, it will be mandatory for all.

e High school graduation requirements and college application guidelines do not give
sufficient credit for computer science work. Therefore, schools and students will have
incentives to avoid computer science and favor other topics where achievement will be

better recognized.

e While urban school districts will have an unusually easy time raising money, recruiting
teachers, and engaging with innovative curriculum developers, smaller districts should
be aware that adding computer science to the curriculum will pose considerable

challenges.

There has been considerable political pressure in
the past few years to incorporate more computer
science education into American secondary schools.
In his 2016 State of the Union message, President
Barack Obama announced the goal of “offering every
student the hands-on computer science and math
classes that make them job-ready on day one.” To
achieve this goal, the president has requested
several billion dollars in grants to schools for
technology education and has channeled federal
research money into improving computer science
education.? Considerable amounts of money are
going to be spent, and considerable curricular
changes are being considered. The public, the policy
community, and other parts of government should
pay attention. We have reasonable prospects for a
major improvement to American education—but
also the opportunity to waste an immense amount
of time, money, and opportunity.

Education, of course, is primarily controlled at
the state and school-district level. We must look
there to understand what concrete policies are
likely to follow from grand national rhetoric.
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Three major cities, New York, Chicago, and San
Francisco, have separately announced some sort
of “universal” computer science initiative. This
paper will study these initiatives in detail. They
are large, well-documented initiatives and are
likely to set influential examples, whether they
succeed or fail.

We begin by presenting the goals of these
initiatives, the content they teach, and how they will
be integrated into the school curriculum. Then the
paper considers three related questions: Can these
initiatives achieve their goals? Are they sustainable?
Can they be replicated elsewhere? It closes with
suggestions for policymakers seeking to emphasize
computer science going forward.

There are grounds for cautious optimism. In the
short to medium term, these initiatives have a good
chance of getting many more students, particularly
female students, into computer science. However,
there will be difficulties in sustaining these programs
and exporting them to other cities, unless high school
graduation and college admissions standards are
reformed.



Overview of the Initiatives

In December 2013, Chicago became the first major
American school district to require computer science
with the Computer Science for All initiative.? New
York and San Francisco followed two years later,
announcing their own initiatives in the fall of 2015.
All three programs have similar goals, rely on
public-private partnerships for funding, make use
of independently developed curricula, and have the
ambition of integrating computer science
comprehensively throughout the curriculum. As we
will see, however, there are substantial differences
in scope, ambition, and vision.

Goals. The backers of all three initiatives emphasize
the economic opportunities that await students.
The resolution introducing the computer science
requirement in San Francisco has a lengthy statement
of guiding principles. The first one was that
“Understanding how computers work and how to
creatively use this knowledge to solve problems
will be increasingly important for all students as
they prepare for college and their future careers.”
Similarly in Chicago, the Computer Science for All
explanation starts by noting that “computing skills
lead to some of the highest paying careers.” Likewise,
New York City notes that its “initiative responds
directly to the needs of New York City’s local
economy” for technology workers.®

All three cities explain that principles of equity
require universal computing education (or at least
universal access). San Francisco is especially
emphatic on the point, making it an explicit goal
that “students’ access to and achievement in
computer science must not be predictable on the
basis of race, ethnicity, . . . cultural affiliation or
special needs.” Chicago and New York do not go
as far, but they do justify their initiatives based on
the goal of improved equity. Chicago notes that
“minorities, women and children from low income
families rarely have early exposure necessary” for
high-paid technology jobs. And New York mentions
the “diversity problem in tech across the nation.””

Structure and Content. While these share
similar rhetoric and goals, the actual policies vary
considerably. Of the three initiatives, San Francisco’s
is the most comprehensive and ambitious, attempting
to reach every student in every grade within the
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next few years, starting with a quarter-long course
in middle school.® New York’s is the least radical
with its announced goal that every school should
offer computer science by 2025—but enrollment
is optional.? Chicago’s falls in the middle by requiring
one computing course before high school graduation.®

San Francisco is generating its own curriculum,
but details have not yet been released. Chicago is
relying on two externally developed curricula:
Exploring Computer Science (ECS) and the more
rigorous Advanced Placement (AP) course in
computer science principles (CSP). New York is
experimenting with a range of options, including
ECS and AP CSP.

These two curricula differ considerably from
past introductory courses in computer science and
are therefore worth describing. Previous introduction
to computer science courses, notably the previous
AP computer science examinations, were largely
about programming—students were expected to
learn the practical skill of expressing algorithms
in a particular programming language. The new
curricula are considerably broader. Programming
has been de-emphasized. Instead, these courses
try to convey what programming (and computers
in general) is for—to show students in detail how
computing can help with a wide range of problems.

ECS is the better established of the two.
Researchers primarily at the University of California,
Los Angeles, developed it in an effort to build a high
school curriculum more welcoming to female and
ethnic minority students. It is organized around a
series of activities: students spend six weeks
developing web pages, six weeks building robots,
six weeks collecting and analyzing data, and so forth.
It has generated substantial student interest and has
been adopted extensively within the Los Angeles
school system. It has been offered at ever-larger
scales since 2008. In the 2015-16 academic year, it
was offered to 3,355 students at 43 schools.

AP CSP is a new course still in development. It
is intended to supplement the existing AP computer
science A exam, which focuses on programming
and has been relatively unpopular compared with
other AP examinations. The 2016-17 academic year
is the first time the AP CSP course is being offered.
However, it is based on numerous existing initiatives,
at both the high school and college level, so there
is a track record on which to evaluate the curriculum.



Students are expected to understand the ways that
computers help solve practical problems, understand
the general principles behind their operation (such
as binary representation and digital logic), and engage
with some of computing’s social consequences.

The two curricula have radically different
educational philosophies. AP students are supposed
to learn and do more than ECS students. AP CSP,
like every other AP course, has a fairly lengthy
document specifying what students are expected
to know. To receive credit for the course, students
must pass an examination about the material. For
the project component of the course, students must
turn in a substantial computer program and a separate
presentation and essay about the social consequences
of some computing innovation. ECS, on the other
hand, does not come with any standardized
assessment. ECS emphasizes participation rather
than a well-specified body of knowledge.

Funding. All three cities directly or indirectly rely
on private philanthropy. New York and San
Francisco receive direct private donations. The
New York City Foundation for Computer Science
Education is bearing half the costs of the city’s
Computer Science for All initiative, amounting to
$40 million in private money over the next 10
years." San Francisco will fund its program with
corporate donations from Salesforce, including
$6 million this year.!> Only Chicago has not
received large private donations so far. But even
without direct donations, there is a considerable
degree of indirect support for computer science
education that helps all three cities. There are well-
funded nonprofits operating at a national level that
subsidize curriculum development, teacher training,
and so forth. The organization Code.org stands
out with its substantial roster of industrial
donors.

How Universal Computer Science
Could Succeed—or Fail

Now that I have described the three computer
science education initiatives, it is time to analyze
how well they might work if they are deployed in
the ways their backers envision. Can these initiatives,
or any other initiatives similarly constituted, achieve
their backers’ goals?
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The Path to a Technology Job Goes Through
College. All three initiatives’ goals are to help
students into technology jobs, particularly
students from populations that are currently
underrepresented in the industry. In the current
state of the world, the pathway to a technology
job typically goes through college. According to the
Bureau of Labor Statistics, a bachelor’s degree is
the usual path to becoming a software developer,
and an associate’s degree is sometimes acceptable.3
This applies to virtually all information technology
jobs.4 This means that helping underrepresented
students into the software industry requires
supporting their graduation from high school,
encouraging them to apply to college, facilitating
their transition to college, and attracting them to
the relevant technical majors.

If computer science education can
be offered without impairing
graduation rates, that alone will likely
increase the number of students
entering technical jobs and reduce
the gender disparity in computer
science.

Evidence shows that offering computer science
in high school does help with the last step of this
path. College students who encountered computer
science in high school—whether as an elective or
as a requirement—are considerably more likely to
become computer science majors.’s This effect is
particularly strong for women. If computer science
education can be offered without impairing graduation
rates, that alone will likely increase the number of
students entering technical jobs and reduce the
gender disparity in computer science.

Limited Resources. However, there are risks to
devoting resources to computer science that
might make the first three steps—high school
graduation, college acceptance, and college
enrollment—harder. Schools have limited resources
for hiring teachers and buying materials, and



computer science is an especially resource-
intensive topic. Students have limited time and
energy, so making room for a new topic means
reducing other parts of their academic preparation.

Computer technology changes
quickly, which means curricula will
need regular updates.

The unhappy experience with the Algebra for
All initiative shows the danger of overstuffing the
curriculum. Starting in 1999 and continuing until
2010, California made a systematic attempt to
intensify the middle school mathematics curriculum
to ensure every eighth grader takes and passes
algebra. Research suggests this effort was ineffective
and counterproductive. Increased eighth-grade
algebra enrollment is statistically associated with
significantly decreased 10th-grade math scores,
particularly in larger districts.' Similarly, an effort
in Chicago to increase the rigor of the ninth-grade
mathematics and English curricula largely failed.
As one study put it, “Although more students
completed ninth grade with credits in algebra and
English I, failure rates increased, grades slightly
declined, test scores did not improve, and students
were no more likely to enter college.”” Schools and
students have only finite capacity, so well-meaning
but overly ambitious administrators can easily overfill
the school day to the point where overall learning
diminishes. A similar negative pattern could easily
happen with universal computer science.

There are two particular reasons why computer
science will be more resource-intensive for schools
to offer than other subjects. First, computer
technology changes quickly, which means curricula
will need regular updates. ECS, for instance, has
units on web design and data analysis. The
appropriate software tools for these topics will
change over time, requiring changes to lesson plans
and instructional materials. Moreover, these topics
may be much less central to computing in 10 years’
time than they are today. If the curriculum is not
kept up-to-date, it may resemble a mathematics
class of the 1990s emphasizing the use of the slide
rule instead of the pocket calculator.
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Second, computer science teachers will likely
be more expensive to hire than other subject
specialists. Because computer science and algorithmic
thinking are richly rewarded commercially, computer
science teachers will have better alternative
employment options than most other teachers.
Therefore, for the same reasons that schools want
to teach computer science, they may have considerable
difficulty and expense in doing so.

School officials point to resource limitations when
explaining their decision not to offer computer science.
A Gallup survey in 2014, conducted on behalf of
Google, interviewed more than 10,000 school
principals and district administrators. Those without
computer science classes in their schools or districts
predominately cited the need to prioritize subjects
that have high-stakes tests or requirements. The
second and third most-cited reasons were the lack
of qualified teachers and the expense of hiring them.®

Students May Not Be Rewarded for Computer
Science. In addition to the computer science
education costs (a supply-side problem), sustaining
student interest (a demand problem) may be a
challenge. This particularly applies in New York,
where enrollment is optional. But even in cities with
mandatory computer science courses, students will
put more time into courses they think have greater
importance. To the extent that computer science
grading is nonrigorous, students may be tempted to
slack off and put in only minimal effort for mandatory
computer science classes.

The main barrier here is likely to be college
admissions requirements. Selective colleges typically
require applicants to have taken sufficiently many
rigorous courses in high school. These requirements
do not typically mention computer science. Consider
just the major public universities in the relevant
states. The University of California (all campuses)
expects a minimum of three years of mathematics
but prefers four. Computer science does not count
for either math or science.” Likewise, the University
of Illinois requires math and science and specifies
that “computer courses are not acceptable.”?° In
New York, different state schools set their own
requirements, but “three or four years of mathematics”
is typical* We might hope that as computer science
education spreads, universities will change their
admissions practices, but AP computer science is



decades old, and admissions policies have yet to
incorporate it.

Are There Helpful Synergies? If every hour of
computer science instruction simply subtracts an
hour from other subjects, students may experience
limited overall benefit. Computer science instruction
will far more likely achieve its aims if the time and
energy spent on computer science has some spillover
benefit to student achievement in other topics.

Synergies of this sort are surprisingly hard to
find. Good studies of primary- and secondary-
level computer science are rare, and the results we
do have are equivocal.22 A study on elementary school
students tested 12 distinct combinations of computer
science instruction and other-subject gains. For two
of the combinations tested, there were gains, and
for one, a loss; the rest showed no significant effect.
A preliminary College Board study showed that
taking the AP computer science examination was
correlated with higher scores on the SAT
mathematics test and other mathematical AP
examinations, even after controlling for prior
achievement and demographics. However, the
researchers caution that “these results cannot be
interpreted as causal. . .. [It is] highly likely that
there are additional confounding factors omitted
from the model.” This is a more encouraging result
than if there were no correlation between computer
science education and mathematics achievement.
But a study that did not even convince its authors is
a weak basis for a major education reform.

New York is the city most likely to have beneficial
crossover between computer science and mathematics.
New York is piloting several different curricula to
prepare students for the AP CSP examination.
One curriculum being piloted is Bootstrap, a
specialized programming language (based on
Scheme) designed to harmonize well with
mathematics instruction. In most programming
languages, variables and functions behave somewhat
differently than the concepts of the same name in
mathematics. In Bootstrap, these terminology
mismatches have been carefully minimized. The
Bootstrap development team has shown that their
curriculum considerably improves student
performance on some math questions as compared
with a control group.? No other computer science
initiatives have this sort of evidence.
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Sustaining Universal Computer Science

Even if universal computer science is a success in
the near-term, it may wither over time. This section
describes and evaluates the institutional mechanisms
and incentives that will either underpin or undermine
computer science education going forward. Computer
science will be a resource-intensive subject for the
foreseeable future; the major question is whether
there are mechanisms to ensure that adequate
resources are devoted to it.

There are several mechanisms that encourage
schools to fund particular programs. One is parental
(or generally, voter) demand. Another is performance
on standardized examinations (particularly state
examinations) and university entrance requirements.
While computer science is likely to be popular with
parents, state curriculum policy will actually work
against it.

The relevant states do not require computer
science for high school graduation; indeed, they
do not even give credit for it. California has a state
high school exit exam to test mathematics and
English proficiency; computer science is not
included. Illinois has coursework requirements
for high school graduation. AP computer science
is officially recognized as a mathematics course,
but the state is silent about other computing courses.2®
It is therefore unclear whether the ECS option in
Chicago would fulfill the state requirement. High
school graduation requirements in New York are
controlled by the state board of regents. A basic
high school diploma requires three years of
mathematics, of any kind. (The state is silent about
whether computer science would count.) For the
more prestigious advanced regents diploma, the
student must take three years of the state-approved
math curriculum, backed by the state mathematics
tests.?” Computer science is not part of the regents
curriculum, and so an ambitious student would
risk falling behind if they took computer science
instead of the regular mathematics course. A school
seeking to boost the fraction of advanced-diploma
graduates would have an incentive to steer students
away from computer science.

While state requirements will not encourage
schools to supply computer science education,
student and parent demand may do so. The 2014
Gallup survey®? found that 76 percent of parents
making less than $54,000 per year thought that



most students should be required to learn computing;
for higher-income households, 60 percent felt that
way. And 85 percent of all parents thought computing
was as important as or more important than
traditional required courses such as mathematics
and science. This suggests deep public support for
these programs.

Seventy-six percent of parents
making less than $54,000 per year
thought that most students should
be required to learn computing; for
higher-income households,

60 percent felt that way.

Parents will have some ability to compare the
quality of computer science education in different
schools. At present, the only standardized exams
for computer science are the AP and International
Baccalaureate exams. These examinations, particularly
the AP exam, are highly suited to assessing educational
effectiveness of the students who take them. Average
AP exam scores are reported at the school and
district level, and the College Board uses elaborate
statistical techniques so that scores can be compared
from year to year. As a result, it will be possible to
measure progress over time and to assess the relative
success of different schools in New York and Chicago.
San Francisco, with its homegrown curriculum, does
not have a calibrated examination, so this aspect will
be lacking.

If the universal computer science education
programs succeed in the short term, and if parents
see that these programs really do help students
attend college and find jobs, then they may build
up considerable momentum. New York and Chicago
have an advantage because a high school requirement
will be visible more quickly than the middle school
initiative that San Francisco is deploying. If San
Francisco extends its initiative to high school (as
planned), this gap should close.

AMERICAN ENTERPRISE INSTITUTE

Exporting Universal Computer Science

Even if universal computer science works in the
cities that are now introducing it, there will be
barriers to spreading it more widely. Certainly,
magnet schools and affluent districts routinely
offer computer science today, and these schools
could make it mandatory. But precisely what is
interesting and ambitious about the initiatives
discussed in this paper is that they are not in affluent
suburban districts; they are in urban districts where
getting students to graduate at all is a challenge.

The districts discussed in this paper have many
challenges, but they also have advantages that
most American school districts do not. They are
all in large cities with reasonably strong economies.
New York and San Francisco have two additional
advantages: a major concentration of technology
companies and a tradition of private donation to
support civic functions. San Francisco can raise
millions of dollars per year in donations to fund
teacher training and can bring in volunteers from
Silicon Valley companies. New York has similar
access to money and volunteers, and even Chicago
has a considerable technology industry. Most
American cities cannot raise money or volunteers
close to the same scale. In addition, when a large
city announces a novel initiative, education researchers
and nonprofits notice and offer their services; when
a small undistinguished city tries to follow their
example, comparable support may not be forthcoming.

There is also a structural difference between
the cities discussed here and most others. In New
York and Chicago, ambitious and powerful mayors
have pushed for the computer science initiatives.
This propulsive force is unlikely to be as strong
elsewhere. New York and Chicago are unusual in
giving their mayors control over the school system;>
most school districts are run by boards. Having a
powerful mayor backing an education reform may
help resolve problems that would thwart an appointed
chancellor who answers to a risk-averse school
board.

Conclusions

Several of America’s biggest cities are conducting
a large and ambitious experiment, adding a new
major subject to the standard educational track.
There are reasons for optimism, particularly for



New York and Chicago, which have the benefit of
credible independent curricula and economies of
scale. Even San Francisco, while hampered by its
exceptionally ambitious goals and go-it-alone
curriculum, might succeed, bolstered by the
technology industry’s wealth and human capital.
These initiatives have reasonable odds of putting
numerous students on the path to a good technology
job who otherwise would not be on that path. They
also have reasonable odds of reducing the gender
gap in computing, which is a major announced goal
of the cities involved.

There are grounds for pessimism about whether
these programs can be institutionalized and
maintained. The relevant states have not incorporated
computer science into their graduation requirements.
Of the states that have high-stakes, standardized
tests for high school students, none include
computing. As a result, schools will be constantly
under pressure to shortchange computer science
on behalf of subjects that are more intensively
monitored.

There are a few public policy changes that would
strengthen universal computer science programs.
It would be helpful if computer science were
considered equivalent to a science or math course
for high school graduation and college entrance
purposes. This requires not only making a change
but also making it public—student behavior is
influenced not just by what colleges do, but by
what students, guidance counselors, and other
mentors expect the colleges to do. State governments
could require, or at least urge, public colleges to
make these changes; we might reasonably expect
private colleges to follow suit once students and
schools shift to a new equilibrium.

There are also actions that the wider policy
community, and particularly the boosters of these
programs, should take. We should be honest that
comprehensive computer science comes with costs,
both financial and in terms of what other subjects
will need to be abbreviated. These costs may be
worth paying, but they are seldom acknowledged
today, even though they should be. We should
watch for ways to minimize these costs. To the
extent that clever curriculum design can teach
computing and other subjects simultaneously,
this should be a high priority.
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