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of microcomputers and give teachers much of the responsibility for
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though the type or degree of coordination varies for different
reasons. Three phenomena seem to characterize successful integration
of computers in instruction: individualized assignments, group
. computer activities, and teachers' examination of feedback on
- students' computer activities. Microcomputers are more likely to be
integrated into ongoing instruction--and used in different ways—--when
they are inside or directly accessible to classrooms. Elementary
schools are more apt to put microcomputers inside classrooms, while
secondary schools frequently favor lab type arrangements. However,
differences among teachers seem most prominent in how computers are
used for instruction. Courseware knowledge rather than hardware and
programming knowledge appears most important for teachers who wish to
vary modes of instruction and student grouping, and to match
courseware to individual students. (LMM)
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The number of microcamputers in publie schools increased a whop-
ping 230 pereent between fall 1980 and spring 1982 (NCEs, 1982).
Despite this seemingl; impressive number, and despite the ballyhoo
that is mide about computer-assisted education, there is much less to
this number than meets the eye. Although roughly 100,000 microcom-

puters can be found in our public schools, this number translates into

abhout 1 microcomputer for every school, or 1 micro for every 20
classrooms, or 1 micro for every 450 students. From these numbers,
it is easy to see why most classrooms do not have ready access to

micros; why there is insufficient time for most students to become

literate beyond superficial operational characteristics of the

machines; and why there is insufficient time for most students to re-
ceive computer-assisted-instruction (CAI) in any concentrated amount.
Clewrly, this paucity of microcomputers is a major obstacle to
reaching national goals for computer literécy and CAI, but it is not
the only one. Two other obstacles‘would remain even if more micro-
computers were available. They are the lack of adequate courseware‘
and the lack of teachers WEII—EAOUgh versed to use computers effect-

ively in their instruction.

The goal of this study is to set forth guidelines for designing

‘educational courseware that meet teachers’' needs and for educating

Y

preservice and inservice teachers in the instructional uses of micro-
computers. To this end; the study examines the celationships among
teachers' attitudes toward computers, their knowledge of computers

and the subject matter taught, and their uses of microcomputers for
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instruction,  Thia paper deseribes the stody and vreports protiminary

impressions and Fiadings.

DESTGN O THE STUDY

We pogit that school-district policics toward the implementation
and support for Instructional uses of microcomputers along with the
vharacteristics of the community and students served (e.g., socio-
economic status) will influence how many and in what ways teachers
use micros in instruction. Of additional importance is the influence
of certain teacher characteristics on their decisions for instruc-
tional uses of micros. These characterisfics include their attitudes
about computers_ for eduqatién,andwin,socieLy,,and,their“knowlcdge
about computers and the subject-matter in which they use'computcrs.
In this study, district- and school-policies, and the characteristics
of students serve as the context that moderateg the focus of the
study, teachers' uses of micros for instrdction (see Fig. 1).

We planned to sample five school districts in California that
systematically varied in microcomputer implementation and suppdrt
policies, and student population served.l Within each of these five
districts, two te&éhers who were identified as unusually successful

in using micros °for instruction were to be selected in cach of two

schools at the elementary, junior- and senior-high levels. All told,

we expected to interview and observe 60 teachers (5 x 2 x 2 x 3), 130

principals (5 x 1 x 2 x 3) and 5 stafi responsible for microcomputers

in cach district., While the design was straight=forward, someone

e , - ‘
For cost reasons, the study was limited coographically to
California. :
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Lorpot o set ap the world d ot educat fon soowe canbd dmplement it We
found that rarely, 17 ever, would two unusval Ty soeeesstal cowpater
wring-teachers be Toeated fnoone sehool, tet atone reprodaced fnomore
Chan one school or at wmore than one prade love b wi LlllFl a district,
The faet is, at least in the 47 computer-us ing districts io
California that we have already contacted, the burden of mecting
national poals of computer literacy and CAl is placed squarely on the
shoulders of a very small, dispersed cadre of teachers-=-"computer
buffs"--in a school Aistrict. OQur sampling plan, then, was modificd
suéh that we scarched the state seeking nominations for these fcuchurs
wherever they would be found. )In order to find 60 such teachers, we

will probably visit 40-50 schools and over 20 districts. T —

SELECTED LMPRESSTIONS AND PRELTMINARY FINDINGS

Variation in District Implementation and Support Policies for

Microcomphters. We found that districts vary greatly with respect to

implementing microcomputers. Perhaps the most salient variation,
occurs in centralized coordination, which appears to be unrelated to
district size or wealth. In one high school district, for example,

policies are carried out by a central computer committee comprised of

knowledgeable district staff and teachers and/or administrators from }///
| /
cacl. school. Decisions about the purchase and kind of microcomputer, //’

selection of courseware, provision of staff development, and the like
. ‘/,:/
s
'./

are coordinated by the committee. Equity across high schools in

; Py s Ve
numbers of computers, availability of coursewarc and staffl develop-
> ‘ -
. //(/
ment. and use of micros across subject matters is a major oal of ~the
o )

S
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CommiCCee . Meed e toonayy wee o TEOr e tvonb e pinding this A
Crivd onnd omee tondy hadd Ticehe it Tenl ey gt b by eomilbatont ool
et fonsg ol sneevsalal teachevs,

Contrast thibs with a i tied sehool distriel Chat Tees plven Hip:
servico to the dmportance of micron hut has not Fformalated poticeives
veparding implementat fon and support, and has not provided feadershiip
in conrdinating individual schoola' efforts to provide literaney ov
instruction with micros.  The chaotice state of the district in re-
flected in the fact that district personnel conslstently retferred as
to other district personnel who, in the end, knew nothing about com=

puter use, least of all what their colleagues knew. We suspect that

these kinds of differences will ultimately affect the instructional
usts of microcomputers. But how particular policies help and hinder

teachers remains to be seen.

Variation in School-Building Policies. Principals play a key

role in creating effective schools. We were particularly interested,
then; in how principal's policies for implementing and supporting
computers might affect tenchefs' instructional uses of them.

So far, we have found in interviews with principals of computer-
using schools little variability among their implementation strategies.
Perhaps the three most striking findings are these. First, almost
all principals favor instructional use of microcomputers. Frem what

meager discretionary funds they havé at their disposal (e.g., $4,000),

" they allocate or support departmental allocation of a respectable

N

percentage to computer goals (e.g., purchase of hardware, courseware,

or staff development). They pive teachers relcase time to attend
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compiter workshops o conforeneess And they vnconape Foarhers !
computer-re fatod tnterests and et bvi e Second s they plaee maeh
ol the vesponathi bty tor expamd oy the sehood computer progran on
the teachers. Thev o not coeree feachers tnto aptboe mleros bua
inntead provide dubt e onconrapement o ey detepate reaponsihibicy
Voo commi U Eedd toavhers or to someone fo the school ™ conteal ofrice
(oL, 4 vicosprineipal)y o manape the detaf s of thelr compatoer
fmplementation policies,

What is remarkable is that all of this occure in the baee o
considerable lack of knowledpe abont microcomputer hardware, coorses
warae, or llUlHliH)::lltufn;ﬂfivc&“(ﬂl the part of principals.  Very Low
nx‘{'}\»(‘irt\'l»].‘% anoq_ a4 computer or knew how to use one for lnstruction,
administrative tasks, or even recreation, despite professed inturest
in md commitment to computer literacvy.  What does this indicate?
Perhc ps it says something about effective management stvie=-that is,
positive attitudes, material encourapement., and especially delegation
of responsibility to a committed individunll are more uecessary than
computer knowledpe.

'

Variations jin Teachers

T

Instructional Uses of Micros. In order

to determine how various factors influence teachers' instructional
uses of micros, it is necessary to develop a working idea of what
constitutes "successful use." 'his; welturned to the educational
technology literature and found little to of for that was systematic

or that considered how use of micros in instruction might be Msuccess-

ful" from the teacher's perspective.

@
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v e VIt lx‘,lﬁ'”l\}', mn Loveipel e AT NPT iiulllxl,ll'iilt‘ Jrect s [N EUR

Par b v b aeac bl Vi Fapver 1ot jeat bl !0,|t|||l|3‘ o |~| iy ot on e

whilel toac e s inteyeate int o fon abon sttty e snlhoped
st the e e oci and corhoa b cnn branment in ordor Lo el
decr o ot et gt et e ot beny camtent o et v i e,
A e thodde e oveheatratod o maintain o 1 ov o avtivity e Fienhes
mence b he s pondbor cnpsabig et vl bes il ploveed s plagned
w e o lns toberrapt s T 1 low o avd vty

Tode i bne sucernatal compater e within (his thearet feal pog
spretbrve, we bhest oassone thal classroon computer wee Lty o within
Peac e s oapoding pbanning dectaionmek oy, processen, Negt, e
assute thar teachers coan make easonable choteos amony, alternat ive
cottsewaire bod reaching one o some combin i ion ol poala, and ampeng
e mndes o insteaetion (eopa, dri bl and practice, simulatton) given
theiv Kuowledsc o Che subject-matier, compat ers, and the charactoer -
istive of :;tnrhu)t;; in theiv elasses. Successful computer use will
arise wvhen teachers make reasonable decisions about matchingy the

computer and available courscware to their instructional poals, the

subject-mitter structure, the nature of students, and the instructional

context.  Nevertheless, once the planniug decisions have been made,
. ~

the teacher mus% posscvss the fnreractive teaching skills in order to

carry out the plaa,

This conceptualization leads to a definition ol successful use

of micros for instruction as the appropriate integration of computer-

based activities with teachers' instructional goals and with ongoing

11
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boa st b b P dicate - e thor ook o b . oo i b
bt boede i by veein b Coees b o0l b | I T ETIY BT R il
wiod bt ion p b o ok g e et iy b by - anied b b e i bt
P Doode by e Conab e v ety and Cone bt ol ot e bl
Caintpnid e oo e e e P b o 0t e [ e O F RS B R R dei

el praet ey e bat bonoy Cher s ivge o atadont- tor comptit
otivttien Geeway by beey abibiee), e the At o can e e
ta otadent s abong some criterba,s The apprepr Latene-i ol Piberat Ton
favolves both the hreadth ot computer hasad et fvitves, s well |
fthe mtbx o setectiveness decided on ooy, it terentiat Tones adnony
computer aetivitfes for types ol gtudonts or poals) o Froaally, feeds
hack reters To Pl monftaring ol provenses and outeamen to cvaluate
amd perhaps revise uses ol computers in fnstruct fon.

Betow, we deser ibe these clements (soc Table 1Y and presdnt o
few fmportant impressions that have cmerped from the data thus tar.
Achiovement-related fastructional poals refer to teacher's poals torv
subject-miatter mastery, including both basic wkilts and hipher cop-
nitive skills, such as understanding concepts and using appropriate
problem~solving procedures and strategices. Motivational goals arc
desceribed as positive attitudes toward the subject-matter, such that
student's level of interest enables them to spend the amount of time
necessary to renéh the achievement _}r,n;llh', and cencourages thiem to
continue their studie; in the subject-matter, A third category,
goals for classroom management, refer to teachers' maintenance

of an orderly classroon environment, often by establishing ruloes

ERIC | | 12
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Table 1

ELEMENTS OF SUCCESSFUL COMPUTER USE

A. Instructional CGoals

(a) Achievement (e.p., basic skills, concepts)
(b) Motivation (¢.g., attitudes, time on task)
(¢) Behavior management

(d) Unique computer goals

B. Student Instructional Activities

(a) Subject matter concepts (science, math)
(b) Instructional aids (courseware, textbook, dittos)

C. Computer-Based Activities

(a) Modcs of instruction (e.g., drill and practice, tutorial)
(b} Student grouping
(c) Matching students with courseware

D. Fecdback Mechanisms
(a) Computer—-managed instruction
(b) Monitoring strategies

Q | | 1 3
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fcr appropriate individual hehavior for appropriate group behavinr
through student cooperation or reamwork.  Finallv, teachers using
microcomputers often have goals relating to the computer itself,
apart from the subject-matter in which the computer is used., These
may include operating the computer, basic understanding of how it
works, or ways to use the computer as a learning tocol.

Not surprisingly, we found that teachers most frequently meuntion
achievement and motivational goals, followed by computer goals.
Classroom management gonals are rarely mentioned. Teachers' goals may
be influenced by such factors as their attitudes about teaching and
computers, their subject-matter and computer knowledge, and the con-
text in which teaching occurs. ‘Thus far, our impression is that con-—
textual variables influence uchievemcnt and computer woals, while
teacher attitudes determine motivational goals. For examplc,}tonchers
who cmphasize mastery of basic skills and computer-related goals
typically tcach in districts where similar goals are stated district
priorities. Motivational goals have priority for teachers who cxpress
more non-traditional beliefs about teachring and learning. Our
observations suggest that these teachers often have more Topen'' class-—
room environments and more innovative teaching styles and practices
in general. Whether the emphasis of certain types of goals over others
effects successful microcomputer use remains to b% determined.

Teachers typically plan instruction by scquencing instructional
activities which cover topics prescribed by snmu.cstnblishcd subject-
matter curriculum. Subject matter concepts or topics to be covered,

in 5th grade math for example, arc often standardized within a

14
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district according to state-adopted gnfdclinvs. Therefore, the
teachers we interviewed were very similar with respeet tﬁ the subject
matter concepts or topics covered in their math and science classes.
However, the distribution of .miorc)cmnputur uses in math and
science instruction was quite uneven. Micros are more frequently
used in math than in science ins'ruction. This occurs at the ele-
meatary level, in part, because science is not mandated and, in part,
4hocuﬁsu there is much more courseware available in math than in science
and what is available fits into the standard curriculum, e.pg., drill
~and practice programs in multiplication, division, and fractions.
At the high school level, the natural (it between éomputers and mathe-
matics affects yreater computer use in math than in science. Computer
programming is most often taught in mathematics departments and stu-
dents lTearn programming in order to solve math problems on the com-~
puter.  Again, science courseware is lacking and science teaéhers
most frequently use micros as a tool for problem solving and data
analysis and occasionally find appropriate computer simulations.
Teachers plan their use of instructional aids, such as textbooks,
courseware, dittos, for each instructional activity. Virtually every-
one, of course, uses a textbook, but elementary teachers more fre-
quently use dittos or worksheets and manipulables in connection with
their instructional agtivities. Without exception, teachers coordi-
nate computer uses with ~ther justructional aids and with the curri-
culum.  The .Ltvpe and degree oé coordination varies for different
reasons.  Availahilitv eof (ourseware is again important, since a

'3
greater supply of CAI machi coursowarce theoretically enables math

15
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teachers to ohtain morce approprdate courscware than scicace teachers
can find. Newer high school math textbooks often include computer
prugrhms,to be used in conjunction with the curricatum. On the other
hand. science teachers must write their own programs to produce appro-
priate computer-related instructional aids. The science teachers we
interviewed had many ideas about how to use the computer in instruc-~
tional activities and to coordinate computer uses with other instruc-
tional aids; they simply lacked the time to instantiate their ideas.
Thus far, we have observed conside?able variation‘in computer-—
based instructional activities. The modes of instruction in use are
‘mostly drill and practice; we have observed feQer tutorials or simu-
lations. Most of the student groupings involve individual students
spending equal time on the computer using the same courseware. This
is due, in part, to the shortage of terminal .«d courseware. However,
we have noticed three phenomena that seem to characterize successful
integration of computers in instruction. TFirst, when some of the
more successful teachers assign students to computer—baéed learning
activities, they attempt to individualize the computer instruction.
Usually this takes the fofm of éssigning more difficult coursevare to
i
more able students, but the basic equation involves differentiation

of courseware subject matter content or time on task along important

student characteristics, such as ability.

The second phenomenon assaciated with successful integration
capitalizes somewhat on the limited availability of terﬁinals. In
addition to individual student assignments, some of the more success-

ful teachers devise activities for groupslof students (usually 2-4).

O
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Froqugntly, Broups of similar ability work with coursewarce that is
matched to their ability level, but creative strategies for composing
groups and assigning courseware arce also scen. This can involve
giving students special roles within groups, or creating competition
between groups, for ecxample.

Finally, teachers who have successfully integrated microcom-
puters into instructioﬁ are more likely to sée feedback regarding
computer uctiviﬁies. Frequently, they sgck coursewdare that records
student performance or (ideally) diagnoses errors. 1In addition, they
informally monitor the process of computef use. The ways computers
are used evolves over tihe, with less successful experiences guiding
these chéng:s.

Some of these examples of successful integration represent
ideals. Progresg toward these ideals, however, appear to be in-
fluenced by teachers' knowledge and attitudes and by the physicél
environment for computer use. Micros are more likely to be inte-
grated into ongoing instruction--and used in different ways--when
they are inside or directly accessiblevto the classroom. What is
intriguing about this observation is that decisions about how to con-

figure microcomputers often contravene their hoped-for uses. Dis—-

“tricts with centralized planning often find lab-tvpe arrangements

casiest to implement. Secondary schools frequently favor lab or
media center arrangements, whereas clementary schools are more likely
to put micros inside classrooms.  The impiicntion is that some of the
most creative examples of integracion of computers in classroom in-

stroction are occurring in elomentary schools.,

17
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. However, differences between reacvhers seem to figare nest pro=
minently in how computers are used for instruction. Varyinyg modes of
use and student grouping, and matching courseware to students require
some knowledge of possibilities for computer activities and the
ability to recognize good courseware and mateh it to srudqnts. Thus
far it appears to be a matter of courseware knowledge rather than
hardware knowledge, and in our expericnce so far, programming know-
ledge does not scem very important. Sﬁccessful integration also seems
to be a matter of attitude--positive attitudes towards what computers

_can do for students and the willingness to give students some freedom
around the computer.

These impressions--if substantiated in our data analyses to
come--will help us formulate recommendations for training and for
courseware. Bascd on our impressions to daté, for example, we may
recommend more inservice emphasis on courseware selection and evalu-
ation, and less on technical training and programming. We will have

much more to say on this in future work.

18
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