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In many educational jurisdictions around the world, coding and computer science (CS)
concepts are beginning to extend beyond the high school CS classroom and into other
subject areas and divisions. Within the area of K-12 mathematics, coding is being recognized
as a valuable context in which to experiment with and learn mathematics. As teachers
integrate coding activities within their mathematics classrooms, and as policy makers
consider the design of curriculum that connects coding and mathematics, it’s worthwhile to
investigate historical CS curriculum in order to possibly glean insights and evidence for best-
practice.

"A field evolves over time and involves the labour of many participants.
To begin to understand curriculum comprehensively it is essential to portray its development historically.”

Understanding Curriculum, William F. Pinar, William M. Reynolds, Patrick Slattery and Peter M. Taubman, 2008, p.69

Computer Science Curriculum in Ontario

Think carefully... when did Ontario first develop formal high school courses that allowed students to investigate
computer programming and CS concepts in public education? Take a guess... Early 90’s? Perhaps the 1980’s? Or perhaps
some forward-thinking policy makers developed courses in the 1970’s?

In 1966, the Ontario Department of Education released Curriculum RP-33: EE‘EEE{EH
Data Processing, a curriculum document that included a number of i
curriculum expectations that are similar to those found in today’s
computer programming and CS courses. Four years later, Computer Science
— Senior Division (1970) provided a framework for CS courses that focused
on three main units: Problem-Solving, Programming Languages and

Systems, and Man and the Computer.

What follows is a brief analysis of these two curriculum documents and
how they relate to current K-12 educational initiatives in Ontario.

21st Century Learning and the Impact of Technology on Society

Within K-12 education, there is currently a significant amount of interest in 21 century learning. The impetus for 21
century reforms centres on the impact of technology on society and the changing world of work resulting in new ways of
learning and teaching with technology in our schools. A quick glance at historical CS from 1966 and 1970 provides
evidence of an awareness of these ideas over 40 years ago.
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These new information resources will change our

cconomic production and distribution patterns, our In the first few lines of the introduction to Curriculum RP-33: Data

social institutions and the ways in which the individual Processing (1966), the impact of technology on society was

relates to his environment, More and more business, in- acknowledged as an important impetus for the development of a
dustrial, and governmental organizations use computers course that focused on new methods of processing data:

to collect, process, control and store information as

feedback from their complicated network of information “Most experts agree that within a few decades more

Fgfnﬁl;;lzn l\::;lﬁgsvrﬁ;n}: ?: v:ml::és (;::iszzﬁls fnglziﬁtcile:- sophisticated methods of processing data will be used by

and the ability to test the results of these decisions. everyone in society. The more effectively we use these new tools
—_— L — to produce and store information, and the more skillfully we use
From Curriculum RP-33: Data Processing (1966). the resultant knowledge, the greater the benefit to society” (p.
iii).




Four years later, Computer Science — Senior Division (1970) identified the computer itself as possibly the most influential
of new technologies. The document also introduced the idea that everyone should develop a basic understanding of

computers in order to avoid apprehension:
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Computers have played a large part in
revolutionizing transportation. In some
major cities computers operate signal
lights to speed the flow of traffic. By
tracing the location of freight cars,
computers enable railroad companies to
plan for efficient use of their rolling
stock. By detecting mechanical trouble i|:-|
aircraft engines before it becomes SErious,
computers make air travel safer,

The field of communications has
likewise felt the impact of computers
Satellites launched into  orbit under
computer control can relay telephone
messages and television programs between
continents, The computer is even proving
lo be a useful aid in translating |.'I|'I!.'|Iui‘!_'|("._‘:_

Mew areas of scientific investigation
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From Computer Science — Senior Division (1970).

Problem Solving and Computational Thinking

“The influence of technology on our society is increasing rapidly. Of
all technological developments, the electronic computer may have
the most influence and may also cause the most apprehension.
Thus, it is desirable that everyone have at least a basic
understanding of computers.” (p. 3)

In a section entitled Man and the Computer, the 1970 document
describes, in detail, a number of ways that the computer impacts
daily living including the areas of manufacturing, transportation,
communications, scientific investigation, healthcare and
entertainment.

In addition, the concept of lifelong learning, often included in 21
Century Learning discussions, was clearly emphasised in the 1966
document where one of five objectives of the grade 10 course was:
“Appreciate that in today’s world, education is a continuing
process.”

Computational Thinking (CT), “the thought processes involved in formulating problems, so their solutions can be
represented as computational steps and algorithms” (Aho, 2011, p. 2) is a popular concept at the intersection of
mathematics and CS. Popularized by Jeanette Wing and her seminal 2006 article Computational Thinking, a number of
educational jurisdictions, including most recently British Columbia, are incorporating CT concepts across curriculum

subjects and grades.

Number Problems

* Prime numbers

* Euclidean algorithm: greatest common

divisor

Prime factors

Entire radicals to mixed radicals

Fractions to lowest terms

Modular arithmetic: for example,

carnival wheel problem (Algorithms,

Computation & Mathematics by

School Mathematics Study Group)

* Days of week formula (Problems for
Computer Solution by Gruenberger
and Jaffray)

¥ Complex number arithmetic

+ Radix conversion: decimal to binary

¥ ¥ #* *

From Computer Science — Senior Division (1970).

Interesting to note, is that the 1966 and 1970 documents both
emphasize the importance of algorithm design and the use of CS
concepts to solve problems in a wide variety of areas. The 1966
document includes learning objectives related to defining operations
to be performed by the machine, using flowcharts to develop and
communicate solutions, and developing appropriate testing and
debugging practices and systems when solving problems.

The 1970 document suggests three main units of study in the CS
course, the first one being Problem-Solving- An Algorithmic
Approach. The unit includes suggestions related to students solving
problems in the following areas: basic arithmetic, sequences and
series, tabulation of functions, conversions of units and number
problems.

Using language that is quite similar to current CT discourse, the
foreword of the 1970 document also outlines the importance of

having students develop solutions that can be executed by the computer:

“The study of Computer Science might begin, therefore, with a study of problem-solving techniques. Here the
student will realize that the solutions of complex problems which may involve thousands of operations are now
within his reach. In order that solutions to such problems can be attempted, the student must learn to
communicate the problem to the computer” (p. 3).



Mathematics Concepts and “Coding to Learn”

Both the 1966 and 1970 curriculum documents include a number of
curriculum objectives related to mathematics concepts. While the 1966
courses were designed as components of the Business and Commerce
departments, they still included students solving problems related to basic
arithmetic, advanced arithmetic, and number systems including the
addition and subtraction of binary numbers and conversions to and from
the decimal number system.

As discussed earlier, the 1970 document included a number of
mathematics concepts in its algorithm and problem-solving units. The 1970
document also explicitly acknowledges the potential of the computer as a
learning tool across a wide variety of subjects:

“Students almost invariably find that learning to use the computer
is an exciting and challenging venture. They find the computer
useful in many subjects, and they find that it enriches study of
these subjects.” (p. 3)

Conclusion

The student of Computer Science
should acguire this basic understanding of
the camputer, and he should also learn
how to make it work for him, In
achieving these objectives, he should not
only learn of the tremendous power and
capabilities of the computer but also of
its limitations and its dependence upon
human intelligence. He should appreciate
that the computer extends the human
brain just as machines have extended
humarn muscle power since the time of
the industrial revolution. Perhaps the
computer is heralding an “intellectual”
revolution where human mental effort is
being extended by computers,

From Computer Science — Senior Division (1970).

The fact that historical CS curriculum addressed components of current K-12 trends is interesting, but what does it mean
for current practice? Other than acknowledging that these documents were forward-thinking, does an analysis of these
documents allows us to glean insight into how to effectively implement initiatives surrounding technology and computer
science concepts in our schools?

The answer to these questions is... it depends. It depends on whether or not we take a closer look at the impact of these
curriculum documents on CS education in Ontario. Curriculum is only one factor in a complex process of educational
reform. The fact that past curriculum addresses current concepts and ideas is important, but what’s more important is
an analysis of how these ideas and concepts made their way into the classrooms.

The documents indicate the significant impact that technology can have on society. Were these lessons and ideas
effectively communicated to students, empowering them to live productive lives in a technology rich environment?

The documents indicate the computers and CS is important for all, but are females and minority groups appropriately
represented in CS classes and careers?

These documents acknowledge the role of computers in problem solving and coding to learn, but have they lead to
students using computers as tools to explore and thrive in these endeavours?

The analysis above includes a close look at historical Ontario CS documents and their relevance to current educational
trends in K-12 education. As curriculum reforms take place, historical analysis such as this can help inform curriculum
policy, but perhaps more importantly, can help begin the process of analysing effective implementation.
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