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Introduction 

This paper is one of several dealing with the develop

ment of curricular and teacher training guidelines for the 

intcrgration of computing into the elementary and secondar~ 

schools of the country . It represnets ~art of the continuing 

work of the Elementary nnd Secondary Schools Suhcommittee (ES 3) 

of the ACM Curriculum Committee. This particular paper deals 

only with matters related to preparation of the teacher of 

computing science as a separate subject in the school. The 

computing education of all other teachers is treated in 

"Computing Competencies for·School Teachers -- A Preliminary 

Projection for all but the Teacher of Computing" by the same 

authors (Taylor, et al 1979), a paper which also contains 

a more complete introduction then this one. 

Numerous papers have been written on the general problem 

of computing education for school teachers, and those papers 

and the ACM "Curriculum '78" guidelines have ·been freely drawn 

upon in drafting this paper. While many of them suggest specific 

courses and programs, this paper focuses upon competencies. 
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Rather than approaching the problem of "!low" to educate 
. . 

teachers of computer science, it attempts to specify the 

competencies needed . by such a teacher. Once such compe-

tencies are define~, training programs with a variety of 

approaches should be definable. 

The Teacher of Computing in the Schools -- General 

The teacher of computer science at the pre-college 

level sl1ould not only be able to teach courses in ~omputer 

literacy, computer programming ancl computer applications, 

he/she shoulJ aiso be able to serve as a resource to the 

gifted child pursuing advanced projects, to fellow teachers 

wishing to use the computer as a tool, and more than likel y , 

to the princi pal of the school ncccljng help in aclr.iinistra-

tive applications. Competency in computer programming alone 

then is not sufficient for the teacher of computing. 

Since much of the knowledge required for such a teache r 

is similar to that requirccl of anyone desiring to be a 

compute r profes s ional, many of the computer compentcncics 

Je fine <l in the r ecent ACM Curriculuo. Commi ttee r eport 

"Curriculur.t ' 78 " app ly to the teache r as well. This report 

was therefore used extensively in arriving at the recomme nde<l. 

teacher competencies. Anot her very important ass umption that 

we make, is t hat the teacher of computer science is exactly 

that, a teacher. Thus the corapetencies we l ist a re prir.1arily 
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related to the nre:i of computer scj encc m~ -~ computer e_ducation. 

The task force realizes that the vnst majority of 

c<lucational programs have been implcucntetl by clcclicatecl 

teachers in the field who have had little cpportunity to 

obtain formal computer science education. \Je wish to stress 

that by listing desired c.ompctcncies, we are not implying 

that these corapctencies must be gainec! by formal coursework. 

Many teachers already have acquired these skills by self 

stuJy :in<l on-the-job training. llowevcr, it is hoped thai: 

this work clarifies and guides those individuals and 

institutions atte1;1pting to ilil-plcment ·tcach~r education 

programs in computer scicnc~. 

Teacher Competencies 

The core material recom~ende~ for teachers of computer 

science represents essential elementary material, as well 

as material especially designed for educators. Computer 

science teachers shoul<l: 

1. be able to write progra~s in . ~ reasonable 

amount of time that work correctly, are well 

<locumcnted an<l arc readable; 

2. be able to determine whether or not they have 

written a reasonably efficient and well 

organized program; 
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3. know whnt general types or prohl~ms nrc nmcnnblc 

to computer solution, and the various tools 

necessary for solving such problems; 

4 . understand basic computer architectures; 

5. know adequate motivational arguments for 

teaching computer science topics at the 

pre-college level and know objectives to be 

reached vhen teaching these tei;.ics; 

6. know what educational tools can be uniquely 

eQployed in compute~ science education; 

. ,, 

7. develop the ability to assist in tl1e ·selection, 

acquisitio~, and use of computers, interactive 

terminals, an<l computer services which are 

suitable to the enhancement of instruction. 

8. be able to assist teachers in evaluation, 

selection, and/or development of appropriate 

instructional ma tcr ials which !'t il i zc computing 

facilities. 

The first four competencies arc of the sort commonly 

needed by all computing professionals and are lis~ed in 

Curriculum '73 as among those to be covered by the 

undergraduate computer science degree program. The last 

.. 
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four competencies are not commonly needed by all coraputing 

professionals. They are essential only in the preparation of 

computer science teachers. 

Topics of Study to Attain Competencies 

It should be stressed once again that the problem of 

competency attainment is not being addrsssed in this paper. 

Thus we <lo not list specific courses or programs of stu<ly. 

llowevcr, to further clarify the level of e:·1 ·ertise to be' 

expected of a computer science teacher, the following topics 

shoul<l be common to all teacher preparation programs: 

Programming Topics: Inc.ludcs al3ori tr .. r.i.s, programming 

langua1~es, pror,ram111i.ng style, <lehu~:r ing un<l verifi

cation, applications. 

Software OrgaLizatio~: Includes conputer structure and 

machine language, data representation, symbolic coding 

and assembly systems, addressing techniques, raacros, 

program seg111entatio11 and linkage, linkers and loaders, 

systems and utility µrograras. 

Hardware Organization: Inclu<les computer systems 

organization, logic design, data representation and 

transfer, digital arithmetic, digital storage and 

accessing control, J/O, reliahility . 
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Data Structures nnd File Processing : Includes data. 

structures, sor-::ing and searching, trees, file termi

nology , sequential access, random access, file I/O. 

Teaching Computer Science: Tnclu<les techi;iques of 

teaching, motivational "whys" of teaching an<l objectives 

to be reached when teacl1ing computer topics, utilization 

of computer tools such as games and simulations. 

Computers in Education: Includes computer assist·ed· 
_, 

instruction, computer managed instruction, social 

i~plications of computers in e<lucation, administrative 

applications. 

Once again we rely on Curriculum ' 73, along with a 

vast amount of research Jn computer education, to support 

the inclusion of Programming Topics, Software Organizat i on, 

Hardware Organization, and Data Structures and File 

Proces :i ing. 

We feel the topics of Teaching Computer Science and 

Computers in Education are essential to any program of 

teacher preparation. Materials on "why" a11d "how" of 

teaching computer science are invaluable to a teacher. 

Most research · conducted on "First Courses In Computing" 

have arrive<l at the conclusion that computer programming 

alone is not sufficient. Thus raotivation for covering 
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other computer related material in a beginning course -should 

be included within a teacher preparation program. 

Including study of Computers in Education, will 

increase the teacher's ability to assume a role of leader

ship in proviJing direction to school systems in integrating 

com1luting into its curriculum. This additional computer 

background sl1oul<l allow the computing teacher to act as a 

resource person to assist in fostering development and · ,. 

implementation of computing throughout the school, even 

when the otl1er teachers know nothing of computing. 

Future Steps 

llaving guidelines for teacher competencies only allows 

us to now define a much greater (and more pressing) problem: 

development of adequate teacher education programs. This 

problem may be broken into two parts, preservice and inservice 

teacher education. 

Prescrvice programs involve the education of future 

teachers within standard type teacher educational programs. 

Certification programs for the computing teacher [11], as 

well as graduate level programs [7], have already been 

implemented in several states, but much work wtill remains. 

For example, a survey conducted during the 1975-76 school 

year and results published in Computers in Education by 
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Justine Baker, showed that only 6.8% of the 1975 major 

universities surveyed offered complete computer curriculum 

for teachers. The competencies finally worked out for the 

computing teacher shoulJ be translated into training for t11is 

teacher of a ~subject, in teacher training institutions 

across the country. 

Inservice teacher education is required for teachers 

already in the field. The need for well-defined progra~~ 

in this area is urgent, since for economic and other reasons. 

many individual teachers across the country are being pressed 

into teaching computing science even though they have no 

formal training in the area. The competencies worked out 

for the computing teacher must be translated into other 

programs for these people, programs which are scheduled so 

that working teachers can take them. 

Clearly, much remains to be done. It will require 

computer scientists to work closely !"ith education faculties, 

to design programs that will guarantee that the teacher of 

computing will emerge from his or her training with the 

required competencies in both computing and education. The 

task force will contintie to work on this proble~ of defining 

competencies an<l in identifying broad program outlines, but 

we will welcome help from any colleagues in a position to 

give it, either to our subtask or to ot~er aspects of the 

wo-r k of ES 3 as a 1-!hole. We bel :i..eve the need demands the effort. 
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