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ABSTRACT

‘This wés a desCriptive stﬁdy using-quantitative data to
investigate teachers’ perceptionsvof cémputer iﬁtegration,
with a focus on whaf faétors enablé or impede them.
Elementary school claséroom teachérs (27) completed—a
written questionnaire. The instrument contained items
designéd to collect data on perceived dimensions of
integration and on facilitators and barriers. Random
sampling was'not used; sufveys were distributed to all
elementary teachers in bne small; suburban school.

The primar§ analysis éf the quantitative data
concerhed the investigation of the perceptions of
integration and the identifiéation‘of facilitators and
barriers to teachers’ computer integration.

Issues related to technology use in school typically
focus on student-centered concerns such as improving
~ student learning, preparing children to function
successfully as.citizens and workers in a technological
society and enhancing student productiVify and performance.
.While student-centered issues afe of cfitical importance,
how and why teachefs use‘technology is also important, both

for productivity implications and the fact that a teacher
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who is’ comfortable u51ng technology 1s llkely to 1nfluence
~'students : ThlS study focused on teachers perceptlons of

“thelr computer practlces in varlous aspects of thelr work '

dc'djfand the:factorS'whlch-enable“orylmpede:them, ?df" B

_ The literaturebsuggestsbthat'cbmputers°mightfnot]only;_'“ R

':helpiteachers perform tasksbthey already know how to do
_more‘eff1c1ently‘or relleve them,of routlne'tasks,‘lt mlghtw“
v;'alsola581st them in d01ng tasks they mlght not otherw1se bey
‘ébiégtO‘dO vThese uses have the potentlal to change the
fwayviﬁdividuals do thelrfwork.__Current{educatlonal,reform.c“
iefforféfQXpand:the responslbilitieS'of,teachersﬁwhllefl‘l
- expectlng them.toiimproVe.theirfperformance_in.the,:y
?jclassroom; Jlnyestlgationsflntoéthe:potential:role offf
2‘.qomﬁuters:invimprovlng;howfteachersbdotheir WOrk'andlkf:
?fdeclsions regardlng the‘allocatlon of resources to support
. speclflc actlyltles requlres a: knowledge base of current 5‘5
'uses, the 1nfluence of those usespand,the:faCtors'that \ik
yfacrlltate orllmpede these uses o 2 |
Teachers in. the study generally’percelved computersiasti
- hav1ng a posrtrvehlmpact_onithelr_work ' A majorlty felt
. therWe;e mofefpfdfessi0551; more creatlve, better
v'informed,;and generally better educators”as a result of

"their:COmputer use.[ Surprl51nglyy;1mproved51nteractlon,y B




with-colleéguég&id ﬁof émefgé-asfé pa;tiCulaflynimportént.;
fégtor; cfeAtiﬁg;mére»effectivé»matgiiéisf;ﬁd;saiing time
 wére.fatéd asvthévaSf im§Q£ﬁént?éééOﬁS fdrjusingvthg :
vcbﬁpﬁtéf. ‘Avﬁaﬁoriﬁy:éurféﬁtiyﬁsédiﬁhe;ébmpute£ to:greaEé
‘ithrﬁctioﬁal materiéi§; whii§ffé@f(éi?ﬁipercént),uéed-it 3 
té commUhicéteZWitﬁ‘éoiiéaéﬁéé; a ﬁSé th;t.miéht
_:ﬁdtentially-easé theviéolaﬁion df;the prdféssiéh andufdstgrfk 
,confinuing p:ofeési@ﬁél dévéiopmént,iVAécésSibiliﬁyto ef
_ﬁail'énd Intefnet ac¢és$-wa§ ﬁQde£aﬁe o£”high'féfﬂénlyl32.8
pérqen£. Résult§fefigét:theHdYnamié ﬁéture offC5mpﬁtéri ‘
,_iﬁtégratibﬁ and raiée.fur;hef»qﬁestions.regarding:hbwaf |
qhéﬁges‘in ééCeSSible'r§SQﬁ£ces;Qill:aitér the naturelof  _f
teachersrZééﬁpﬁ£é£?iﬁ£egrati§n,Hthe £eas6ns f¢rﬂu§iﬁg€,J v
-v1cbmpﬁtefs, ahdfﬁhéi£ §e£cép£ioﬁé,of‘hOQ‘thé ¢6ﬁbﬁ£e£;:l 

influences their work. -~ <.
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“Let ideas speak for themselves,” more than one scientist
told me, “and never mind the people involved.” Alas, it
isn’t quite that simple.

Paula McCorduck, from Machines Who Think (1979)

CHAPTER ONE

" Introduction

As state after state has to re-create schools so that
they can meet 21st century demands, it has become epparent
that their success depends fundamentally on teachers. What
teachers know and can do is the.mosﬁ important influence on
what students can learn (The Nationai Commission on

‘Teaching and America’s Future, 1996).

How teachers. go about accomplishing their daiiy tasks
infiuencee their current effeetiveness and their.continuing
improvement. There are'currently concerns regarding the
performance of teachers (Tﬁe National Commission on
Teaching & Ameriea’s Future, 1996) and acknowledgment of
the increasing importance oflteeching—related‘tasks in‘/

addition to classroom instruction (HargreaVes,l994).‘

Despite research support_that computer use improves teacher


http:teachers.go

productivity-(Rockmen, Pershing & Ware, 1992) and increases
feelings of prefessionalism and effectiveness (Wilson,
Hamilton & Cyr, 1994), there is limited research on how
teachers are integrating computer practices to accomplish

- the many aspects of their workf

The purpose of this study Was to expand the knowledge
base concerning elementary'teachers’ perceptions of
integration into their work and what conditions most
facilitate or impede their effective computer use. This
knowledge base provides a foundation for. further
investigation of Ways in which the computer might support
teachers’ efficiency and effectiveness on the job.

Three areas that have profound impact on how well a
school can integrate technology into the curriculum are
described: preparation tasks, obtaining appropriate
resources and implementation‘issues.

According to Webster*s Encyclopedic' Unabridged
Dictionary (1989, p.600) eneemeaning of‘the word integfated
is “combining' or coordinating separate elements so as to
provide a harmonious interrelated whole.” Sergiovanni
(1989) suggested fwo_aspects'of educationalichange: (1) how
things look on the outside and (2) how things work. This

project investigated not only /the‘ characteristics of
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computer integration but also the conditions  which

,determine the influence7of>teChnology.
Research Questions"

' There were two major researéh questions invéstigated'
in this studyf  |
Research Quéstion 1:,Howbare‘teachers integrating
computers into‘their day-to-day
| 'wo.rk.? .
Research Que;?ioh 2{ What'factors enable or impede
” computer infegration by N

" teachers?

The literatﬁre and-reséarch on computers in
educational settings; on views of thé potential purpose and
value of the computer, combined with personal’experience
provided the framework for developing these two research
questions.‘

The.literature on eduCétional,technology ié full of
glowing promises of dramatic and meaningful impro?ements to
cléssroom aéﬁivities and outcomes. But the mere presence

of technology is not an automatic guarantee for improved



ljeducation;; In splte of 1ts potentlal power,’educational: |

' fr,technology has some well documented, hlgh proflle falluresf;i'b

,l-(Ferrell 1986 Morehouse, Hoaglund and Schm1dt,;1987 Theyfllf

:";,revolution that-flzzled 1991) Success w1th any

,technology 1s rarely serendlpltous Certaln clear factorsgf‘
r_profoundly affect whether technology helps educatlon take a‘
fleap forward or a pratfall

What condltlons determlne the 1nfluence of technology°

' h‘The goal of thls prOJect is to understand how contemporary;»f”

: research answers thlsrquestlon by descrlblng three‘areas
that haye.profound 1mpacts on how well a school canvyh‘
1ntegrate technology 1nto the currlculum‘ preparatlon i
f;tasks, obtalnlng approprlate;resources“andylmplementatlonb‘
t'lssues;‘v ” | : |

| Many educators? parents and students”already belleve dl”
“that technology should be an 1ntegral part of K 12 |
educatlon To them, the reasons seem 'S0 obv1ous that
;leyeryonetShouldLreCth;zeithem} ThlS icommon senseff
.yratiénéié7fforfusingftechngiggyr1s;baSedjonTtwofmajorf.L;h
’7?oiﬁts!'f‘ ) . . - |
” Technology 1skeyerywhere A w1dely accepted bellef
bholds that technology already plays a hlgh proflle role 1n’

“‘-the educatlonal system and that schools and classrooms



cannot deliver high-quality educaﬁien without usingv
technology-based methods. Peoplevtend to believe that since
technology toole play importent roles in other areas of
society, education should also reflect this growing trend.
Tecnnology Certainly isve part of the landscape of society.
There is no place one cen go,'no»job‘ene can choose to
avoid it. Many»people conclude fnen thet technology
ldgiéally should also play a najor‘role in educating
children. Many also observe most‘ef-the‘Country’s most
successful educaters emplOying technelegy'in key ways.

Technology has been shewnvtd be:effective. Since
computers and other:technoiogy resourcesfhave been in
widespread use in educatibnfor many years, people eseume
that a substantial body.ef research,shOWS the effectiveness
of computer—based methode~asvcompared tovothei methods, at
least forzcertain kinds offlearning neede. HoWever,
extensive reSeerch with'cempuﬁer—based methods supports
only e generel conclnsion fhat technolegy has made a
difference—sometimes.

.Both ofvthese commonly held beliefs have some
validity, and both provide rationales for using technology.
Bnt both also tend to be too general to snow specifically

how to use technology in education. That requires some



answersvto*some;practical}questlonsif;haye}heenhi
“ réséarchihg~' | B L
Should technology take over most or all of the
"jteacher R role° If not, how should 1t flt 1n w1th what.hfff
3teachers already do°
>Should schools.rely-on conputers atvall levels,yforxlh”'t
all'studentsfor‘forlallgtoplcs?-»Iftnot, Whlch levels, |
:fstudentsland'tonigsféuit,computerfhaSedmethodségv‘
" Does some relisble information suggest specific
»'benefltsnofyuslng[technology;ln?certalnywaysé
10 "ju’stify' theexpenSJ.veand tlme—consumlng ‘task of
uflntegratlng technology 1nto educatlon; teachers muét\f‘
’1ff1dent1fy spec1f1c contrlbutlons that‘technology can and _
':llshould nake to lmproyements 1nvan educatlon sysfém‘l;Aé;fh-
‘iRoybler'(l993)‘noted"“Answerlng the guestlon,l‘Why usericff‘

utechnology in educatlon7’ seems not only necessary but

ffundamental to;all?ourﬁeffortsLWLtfttechnology Itylswlf_.fl
'?important ;»:ni‘for'assuring*thate; }..technology fsiused!“‘

*1to shape the klnd of future we. want for educatlon and

"gd;Schety ltselfﬁ‘(p 13)

‘Thus; deyeloplng a,Sound rationale for~choosiﬁg o
'f’technology w1ll gulde spec1f1c goals for technology use and

help 1dent1fy the SklllS and resources needed to accompllsh



these goals. However, beforé looking at some:aspects of
developing a rationale, it seems important to take a
careful look at the educational research from which‘many
educatofs draw evidence of'technology’s present and
potential benefits.

cHAPTER TWO

Review of the Related Literature

Computer Integration into Educatibnal Settings

A . review of the research on compﬁter integration into
schools reveals a variety of terms, definitions and
measufes of'this-phenomenon.> Terms such as integratioﬁ,‘
implementation, infﬁsioﬁfand incbrporatidn appear iﬁ
éducational research oh‘computers.‘

Hadley andeheingold:(l993) stated that “integratiqn

: , /
requires that teachers readily and flexibly incdrporaté
technologies‘iﬁto thei: everyday‘teaching practice in
relation to‘the‘subject matter they‘téaCh”f(p. 265) .. This‘
definition guggests daily qse,for‘core‘activities fhat are
integral to the less§n rather fhan for periphéral
activities such as-reinforéemen£. The Levels of Techndlogy
implemeﬁfatiqﬁbframeworkJsimilarly defines integration as

occurring when “téchnology—based tools are integrated in a.



- manner that'provides é rich conféxt for students’
understanding bf the_pertineht—concepté; themes‘and

~ processes” (Moersch,ll9§5)”p,42) 

| Some reséérchers haﬁé approéched measuring compﬁter
integratiOn by‘empioYin§ a:CQﬁﬁiﬁuum, stégés‘or levels of
use. These,appfqaches'imply_a'dévélopmentai asbecf td‘_
computer integfatioﬁ,v For_example(iMoer3chv(19955 br§poéed,
a framework of levels of téchhblogy implémentatién Qith
,lévéls that ingluded nohuSe,:aQareﬁeés; éxblbration,
iﬁfusidn, inﬁégfaﬁiqh:and'expahSion.

'  Thé»LéVelsﬂof.USe questioﬁnéire used by Marcinkiewiéz
(1993—94) measﬁréé“éhreéileQels: (l)‘nonuse: the absence‘of_ 
any use of“chputers‘fo£vtéééhing;_(Z).utilizaﬁion: a
teacher begihs tQ use_cOmpﬁters,'But compﬁterfusé is stiil
expendable;‘énd‘(3):ihtégration: when “teachers consciously

cand inextficably delegateiééme df théir duties to the
computervahdvas a result'éré5aware of the changes in their
'-_role” (p.222);: The-¢ritiéal‘element‘of this définition of
. integratiqn Sééﬁs fé:be thét,thefteécher;s role i$ alteréd
when the computer p£ovidés,iﬁstructibna15éomponentélthe
teaCheer§uld othefWiSe'préSéht. Results of other}reéearch.

have also indicatedva chahge.in teachers’ roles as they -



 integrate computers into the curriculum (Baker, et al.,

 1fi993;;ﬁadléy'&_Sheihgé;d;;lgés)5  ,VZV
. ifResearchef$”répqitiﬁggéﬁithé Appietéiés;%domé;of ?
| Tomorrow acor) corlc1udedth<”‘t1nteqr<’ﬁtlonwasan
| _' phase, entry, tﬁé];e_ waSllttleeXperlence, avn»(“i_’ mOSteffOrt .

s in setting up equipnent. The second phase, adoption,
Sawsﬁppbrﬁiéf £fédi#ibnai d£iilfaﬁdiﬁféétiCéuééﬁi£}£héjfﬁu:.
. classroom Adaptatlonfollowedwlth J.ntegrated aCthltles - -

,?foduCti§i£y>Was é'p?imeC5ncérﬁiéf‘this‘ph§§e;‘f' ‘
 Aopropristion was the nest phase in which teachers used

’:;¢bmputérs,for'héwvgtrategies} _ACOTurésearChéré‘US¢d.the' ”

7“ fffinal phaSe};ihVéntiéh/ éSfafplécehOlder'fbr-furéherﬂj" 1'“

 development. During each phase, they also found that

 f neC¢s5arYjSupport was slightlyfdiffé%ént;;: :,¢,;-

 :}Hchéf fésearchéfé havéiéékﬁdwiedgéaifhélimﬁortéﬁéébééfJ‘

J;ﬂfakingjé?Ompﬁéhehsivé,léék;étﬁcémpﬁférlinﬁegrafidﬁ;ﬁy"'
”:méééﬁfing:é Vériééyf§f i£diCa£Qfé{;_Fqg;exémpie;"éeékéf  .

"5_(i§94xfuééd'dé£a ffbm tﬁéIEA-Céﬁﬁﬁtéfstiﬁiﬁdgcéﬁion stﬁdy, »'11
 to ekamipe diffeﬁép@égfbétweéh égémpjé%y.ahq £§piéai5 :f
computer-using teachers. In his analysis, the variable

" indicating exemplary use was an index based on five



components: (1) goals for computer use; (2) frequency; (3)
saiiency of the computer for major learning activities; (4)
ambunt of experience with certain types of software; and
(5) general functions.

Hadley and Sheingold (1993) studied experienced
computer-using teachers to exploré what classroom
integration of computers might mean in terms of practice
and definition of the term. Results of their study
suggested five different profilés. Enthusiastic Beginners
did not have extensive technological expertise but were
convinced and enthusiastic about the use of teéhnblogy.
Their view of integration was that their students’ work on
computers involved the same topics studied in class.
Supported Integrators had extensive experience using
computers and taught in schools that had infused
technology. For them, integration meanf day~to—day use as
a tool. High School Naturals had the most extensive
computer experience of all the groups and were generally
the specialist in schools where chputers were not infused.
Unsupportéd Achiévers were younger, experienced with
computers, and working in situations where the use of
computers was not suppofted. Struggling Aspi:ers were the

least experienced and the oldest. They were the least

10



likely to view teehnology integration in terms of a day-to-
day access as a teol or reference end more likely to view
it as reinforcement of teacher-centered learning. The
different profiles and levels of use suggest differenees>in,
perceptions of the velue aﬁd putpose-of‘uSing the computerv
in the>classroom. - )

Justifying Technology Use: The Case for Motivation

Some trends in technology use have theoretical suppOrt
in basic research on learning and cognition; others are so
new that researchers have not yet designed adequate methods
to measure their impact. Still other applications do not
lend themselves to behavioral research, but their practical
value has been validated by several years of use in
schools. Some of these trends may provide the most
powerful and durable evidence of technology’s benefits to
education. The foilowing section discusses some arguments
that could forﬁ a rationale for continuing er expahding the
use of technology in education.

Gaining learner attention. 1In 1965, renowned learning
theorist Robert Gagne proposed a need to gain the attention
of the learner as a critical first “event” in providing
optimal conditions for instruction of any kind. Although

other aspects of instruction must direct this attention

11



: towa;d‘meahingful leafhing){teaéhers widely recogniie thaf
the visual and‘interaétive feafﬁres of many technblogyv
resources does, indeed, effeCtively help focus students’
attentioh and encourage them‘to spend more time on‘léarning
tasks (Pask—McCartney;_l989;vSummers, 1990-91) .

Substantial empirical evidence indicates that teachers
fréquently and beneficially Capitalize on the novelty and
television-1like attraction ofvcomputers and‘ﬁultimedia to
achieve the essential instrﬁctional goal of capturing and
holding students’ attention.

Engaging the learner through production Wofk. In one
highly successful way to»make learning ﬁore meaningful‘to
students, teachers often try to engage them in creating
their own technology-based product. »This strafegy has been
used effectively with word processing (Tibbs, 1989;
Franklinl1991), hypermedia (Volkér, 1992),‘computér—
generated art (Buchholz, 19915}\and telecommunicétions
(Marcus, 1995). Reports of such uses reveal that students
like the activities because they promote creativity, self-
~expression, and feelings of self-efficacy and because they
result in professional-looking products students can view

with pride.

12



Increasing pérceptibﬁs‘bf ¢oﬁt;§1. Many'sucgessful
users of technology-based'ﬁateriéié say that sfudents find
strong motivation:in}the'feelingﬁhat theyvare in control
of their own lééfning (Arnone: &-GraboWski}l99l). Learner
control seéms to have especially impdrtant impliCations fof'
atfrisk‘students.and othéré Who have experienéed acédemic
failure. When stﬁdénts,perceive themselves as in cOﬁtrol
of their learning—eifhef thfough setting the pace -of
mOVeﬁeﬁt through a drill or tutorial or by‘creating theif o
own computerfgenerated producté with Logo or word -
processing éoftwére—it seems to résul£ iﬁ “iﬁtrinsic
motivation.” Thatvis, student$ pecome caught up in‘and o
motivated byvthé awarénéés that they are leérning. This
finding, Which has béen reported from the earlieét uses of
computer—based'matériais, ¢ontinues to be one of the mdst
potentially powefful rea$ons for using techndlogy resourées
as motivatibnal aids. Exéépﬁibhs.tovthis notion of learnér_
.control is'whén learning‘§aths beéome yery Coﬁplex (e.gf,'
‘With_hypertext énVi£onmentS and inte;acti&é Videodisc’
‘applications). In:these cases, léarners,with‘weak leérning )
skills seem to profit ﬁost‘when‘teacheré supply.sdme
structure to}the activities(Kozﬁa, 1991,_1994;’M6Néil.and

Nelson, 1991).
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Justif?ing Technology Use{ Unique Instructional
| Capabilities

Another extremely powerful case for using technology
resources 1is that some technological media can facilitate
unique learning environments or oontribute unique features
to make more.traditional learning environments more
powerfﬁl and effective.

Linking learners to information sources. Hyperte%t
systems are computer-based products that provide readera
with links between informationvfrom a variety of sources.
A student can select a keyword from a screen or get options
to see several otner sources with other information on the
same topic. These, in turn, can lead to other, related
sources and topics, forming an endless chain of information
to peruse. Kozma (1991, 1994) reports that while little
research has focused on hypertext to‘date, enoouraging
preliminary findings suggestlthat a hYpertext learning
environment “both calls on and develops skills in addition
to those with standard text” (1991, p.203) and “helps the |
reader build links among texts . . fand construct meaning
‘based on these‘relationships” (1991, p.204). .Computersv

handle the logistics of this complex activity and, though
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itvremains_a'complicatedjprOCeSS}'they make itimore=;ﬁh@fﬂﬁ

- feasible for classroom activities.

v~Helping learners to visualiéehpreblemSQanddsolutiens,jfflfo”h

:-‘pﬁozma,(igéi)alsetreports'that:interactivthisuallmedia“5
"~ssuch as v1deod1sc appllcatlons‘seem‘to have‘un1Que p
o capabllltles for 1nstructlon 1nbtep1es that 1nvolve socrai
”781tuatlons.or’prdblemjsoiurng,h:He'notes‘that,these“media}-'a
provide powerful ulsual means of “representrnd soelal
's1tuatlons and tashs such‘as‘lnterpersonal problem solv1ng,
~forerdn landuage iearning andvmeral dec1s1on maklng
hh‘(p 200)> 'The grew1ng numberﬂof v1deod1se ‘products‘
”de31gned fof these klnds‘of toplcs (e.g;,)the Alds Vt'
vldeedrss frOm ABC_Newsgbéomputer CurriCulgm~chporat;enf$
SudessMaker,‘and’A Rightfto Die?ifheiCasehef;Max%Cowartéfp;p
{cOvey,‘ 1989}) conflrmsthat des.igrieré:ahd:.edﬁca.tbrs are
ubeglnnlng to recognlzeband exp101t-these‘un1que and
1_powerful qualities,:r::ﬁl | o ‘
h Tracklng learner progress “Integratedbiearnlng
-sQStemsj(ILSs) ‘and subsequent products based on them haVe tT-f
}".eapltallzed ‘on the computer s unlque ablllty te capture,u

'ﬂfhanalyze and present data on students’ performance durlng

:’J:learnlng (Electronlc Learnlng, 1990 1992 Educatlonal o

~5£Technology, 1992)




reporting is central to all efforfs to design efficient and
meaningfdl instructional paths tailored to individual
students’ learning needs.

A teachef attempting to teacﬁ aiset of skills to a
large‘groﬁp of students needs accurate and up-to-date
information on what each student is and is not learning.
The teacher needs this infOrmationvin a format fhat can be
quickly reviewed and analyzed. A well—designed eomputer—
based system for data collection (sometimes called a
~computer managed instruction or CMI system) offers a unique
capacity to provide this essential information. In
addition, new technology products such as‘pen—activated
devices allow teachers aﬁd researchers alike to keep
moment-to-moment records of their observations of studehts.
These important records can later be analyzed for
indications of appropriate learningvexperiences.

Linking learnersvto learning tools. The ability to
link learners at distant sites with each other and with
widely varied online resources has leng been recognized for
Cits unique potential to aupport instruction and enhance
learning (Kurshan, 1990; Robiyer, 1991, Marcus, 1995).
These capabilities include getting accese to information

not available through local SOureeS/ developing research

)
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and study skills that will benefitvstudénts in‘all fﬁture
learning and providing-multicultﬁralvactivities'without
leaving the classroom. Some uniéﬁeWaffective benefits have
also been observed, including increased multicultural
awareness as students of different cultures interact online
(Roblyer, 1991) and enhancéd communication skills when
students correépdnd‘with each other (Cohen and Riel, 1989).

Support for new instructional approaches. The
educational éystem is étrUnging to revamp its
instructional goals and methods in preparation for the
compléx demands of life in fhe technology-driven 21°°
century (SCANS Report, 1992), Educators are beginning to
look at téchnology resources to help make these new
directions as ones feasible and motivational to students.
Several new instructional initiatives can benefit from
applications of technology:

Cooperative learning. ‘There is a groWing realization
in American society that its traditional cultural'emphasis'
on individualism as opposed to group activities will not
promote success in the complex problgm solving that lies
ahead. This has led to an increase in emphasis on small-
group instructional activities that involve cooperative

learning. Technology-based activities that lend themselves
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3"::7‘:0 Cooperatlver ~small-group work include development of

k“Shareddihteiliéenceﬁ'd r “d ‘trlbuted:_ntelllgence ” ffddffgﬂ

iAccordlng to some the_rlsts,{the'capabllltles afforded by

'arnew technologles make the concept of 1ntelllgence as ﬁ{e‘“

ffgSOmethlng that reSldes ! people s heads too restrlctlve
f’lg“Intellectualfp_

'u-not reSLde,Ln5iV

. success.




Problem solving and higher—order skilis. While basic
communications and méthematics skilis are still recognized
as essential, edﬁcators are also incréasingly aware that.
they must emphaSize.the léarning of épecific information
less than learning to solve probléméiand think critically
about complex issues (Lillie, 1989). 1In addition,
curriculﬁm is beginning to reflect tﬁe belief that students
need not master basic skills befofe'going on to higher-
level skills. The engaging qualities of technology
resources such as videodiscs, multimedia and
telecommunications alle teachers to set complex, long—térm
goals that call for basic skills, thusymotivating students
to learn the lower-level skills théy need at the same time
they acquire the higher-level skills.

Increased teacher productivity. An important but
often-overlooked reason for using technology resources is
to help teachers cope with their growing'paperwork ioad.
Teachers and organizations alike‘have reébgnized that if
‘they spend less‘time on récordkeeping and'preparing
‘teaching materials, they can spend more time analyzing
student needs and having direct contact with students
(Adams, 1985; Minnesota State DOE, 1989} Georgé Mason

University, 1989). Teachers can become more productive‘
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m.fthrough tralnlngnln technology based methods-and qulck lddh
yifacceSS to aCcurate 1nformatlon that can‘help them meet B
lnleldﬁéltneedS;' MénY~tééhﬁOlogy resources can helpllgt’
»teachers‘lncrease thelruproductlultyvln these‘wéYS.{word
,Uprocesslng,spreadsheet, database, gradebook graphlcs,ui}
v"deSktOp pUbllShlng,v1nstructlonal.management and test
ti»generatOr»programs, alQng:WIth~Ohilneﬂcommunrcationslv

,between teachers,(e;d;} e- mall) and other onllne serv1ces

»J(e 9. Prodlgy)

t Technology s Role In Restructurlng Educatlon Dllemmas and‘.
- - :-erD;rect19ns dl | A »
| still.anoﬁnér;bart?or_théhratiénAiépfcf:iptégratlnéf -
technOloqy-intodeducation-comes‘fromﬂitsWldely*perceluéQTH
lprOlefin‘school'rerormiand’restructurind.‘ Many-educators;
- are conv1ncedvthat technology is essentlal to the '
,currrculum reformland school restructurlnd that is needed
,to 1mprove the educatlonal system (Bruder,jBuchshaum,-Hlll
and Orlando, 1992- Hlll 1993)’l The proper role forf.
computer and related technolog& has stlmulated contlnued
aland'often_lntense1debate for some years Although N
.Vcomputers captured the 1mag1natlon of educatlonal f[*
v 1nnovators earlyg;nfthe l960fsman»Commonly held Vrsiondhasisl
everfemergedvto showlhcﬁrﬁé¢ﬁﬁéi§§y?wéuidséhhapceftﬁeiﬂf

Y TR
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educational process. Even uow, with»anvapparently‘growiug
idissatisfaction with traditional teaching and learning
systems and a consensus on the need to change or
restructure American education,‘considerable disagréemeut
persists over the part that technology will_piay_in the
restructured system. o

| " Replacing teacher functions versus changing’teaCher‘
» roies. In the early days of educational technology, Wheh
resources were available only through centrally controlled
mainframe computer systems, some foresaw technology
eventually replacing the teacher as the primary
inétructional delivery system (Norris, 1977). However, the
advent of standalone microcomputers placed the‘power of |
technology directly in the hands of teachers, and the image
of teuhnology shifted from replacing teachers to
supplemeuting and enhancing teacher-based instruction.
Today, as mqunting criticism assails the educational syétém.
aé expensive, inefficient and outdated, technology is again
proposed as an alteruative to delivering instruction
primarily through teachers (Reigeluth and Garfinkle, 1992).

This proposal asserts that technoiogy—based delivery

systems will achieve better results by standardizing

instructional methods and decreasing personnel costs
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(Smlth 1991; Revige_:l't«lthv; andGarflnkle 1992).  Some ‘&::r'itic"sv
“advocate technology—based systems as replacements for‘the |
“tragltlonaljrolesfof bothﬁ3chools'ahd;teachers (Perelmah,v
ol9§3f;lvThe oppos1ngvylew'seemsfto'ahtlcipate:thatfteachersk-x
',léndﬁséhédis,mﬁstzréméin.aﬁ importaht_hartlof~thefy |
’“lnstrqc#iohalhorocess;ybutethatltechhologystoolsywillh“
aempomerﬁthem_totteach:better*ahdkuSe:theirotiﬁémfr |
:z.productlvely Asfcailsifbi7cﬁr£icuiér»référmxihcféaéé,‘;7“*
however, 1t 1s‘apparent thatvfar reachlng chahgeslln;yhvjafh
N traditlonal teacher roles Wlll;bega partxot the'totalhyj;"ﬁ
r;restructurlng package. | S : | |
Enhanclng ex1st1hg‘methods yersus changing the nature:m;
“‘of educatlonlg;Eyeh'lfone%dlscouhts_the_optloh Qf_;‘.*ﬂ“‘h
»elimihatlhglor‘oecreasinghthewroleiot'teaChers}i‘

1con31derable debate remalns over the related questlon of

»just how technology w1ll change those teachers roles,"As _Qf_f-

'jNeuman (1991):obseryedg’depehd;hggon how”technologiesuare"~',Q

tllmolemehted"they.cah éithéé’héip{féétrﬁctﬁfe aischool’s
»fundamental operatlohs andkeducatlonal goals.or support ifff
‘ ex1st1ng‘structhres,ﬁ She p01nts out that 1ntegrated
learnlhg systems (ILés)r for example, are de81gned to flt ;iie

’ 1n w1th both the goals and operatlons of the ex1st1ng :

fschool‘organiZationi ’HoweVer) other-kinds.of resources h‘,ﬂ




an. add flex1blllty tota

f”school s:currlculum and schedule ) ThlS flex1blllty

Tfacilitates-lontherm, open ended student prOJects,.f“

essence of a restructured currlculum“hj}_is”’

'ﬂ; Papert (1980)‘was'an e iyhcriticfofjtraditional**hlll':3'

‘dﬁﬁapproaches to teachlng and learning that empha51ze 1solatedk

;LSklllS .He;adv Jated_arlessjstructuredgenyqunment~thatug;J:fy

dl}broader v1ew of learner dlrectedfmethods that has become

"’known as: construct1v1sm_(Bagley and Hunter,_1992 Strommen ffﬂ_

for ass1gn1ng

ﬁ?fand“Lrncoln, 1992) f.Thls framework‘callr
‘vrftasks that empha51ze learners _creat1v1ty and allow them to?

1~construct or bulld thelr.ow; knowledge rather than g1v1ng

”‘fthem knowledge to absor, FAfseparate»butfrelated vlew-‘c

’,gifinterdisciplinaryjétudentfprOjectsfthat’emphasizef.5h

a:cooperatlve work and collaboratlve teachlng (But21n, 1991

"h}DaV1d 1991) 13Proponents of approaches llke these v1ew

5i’technology as a way to fac;lltate fundamental changes to’

_learnlng methods Technologyu,esourcescallow easy accessv
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to information and help the teacher cope with the
Complexitiés of managing individual and small—group wbrk in
the classroom (Ahearn, 1991).

Preparing for an uncertain role. The educatiohal
syétem clearly is responding to recent criticiéms of its
productivity by making profound changes in its goals and
methods. Technology will certainly play a key role in the
new system. However, the nature of the role remains
uncertain, since it will depend on the paradigm or
combination of paradigms that are eventually adopted. As
Sheingold (1991) emphasized “. . . it is not the’features
of technoiogy alone, but rathef the ways in which those
featufes are used in human environments that shape its
impact” (p.18). The “ways in‘which those features are
used” (i.e., integration stratégies) are still being
decided. Meanwhile, teachers face the difficult task of
preparing appropriately for a fuﬁure that is still in the
process of being shaped. The set of skills and integration
strategies needed to‘use technology effectively could
differ radically depending on which restructuring direction
a school takes.

Predictions on technoiggy’s role in restructuring

education. Literature on techhology’s role yields some
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common principles (Ahearn, 1991; Norris and Reigeluth,
1991; Foley, 1993; Luterbach and Reigeluth, 1994; Chesley,
1994; Reigeluth and Garfinkle, 1994; Jostens Learning
Corperation, 1995). The following recurring theﬁee seem to
be perceived as central to all efforts at building a more
effective system of education:

Teachers will retain a key rqle. Although teacher
roles will undergo radical changes, few consider replacing
teachers with technology?based delivery systems as a viable
option. bEven where teachers are not available or in short
supply (e.g., in rural schools and highly technical subject
areas), the technelogy strategy of choice seems to be
networking or distance learning to optimize the power of
available teachers. Technology resources will also help.
teachers shift their emphasis from delivering information
to facilitating learning.

Interdisciplinary approaches will leurish.

Curriculum will change from a disjointed collection of
isolated skills training to integréted activities that
incorporate many disciplines and call for teacher
collaboration. The theme-based projects illustrate how
technology resources can both focus and facilitate cross-

disciplinary activities.
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Research and problem solving skills ﬁill gain
»éttention., Pure constructivist principles-may prove'
difficult to implément under conditions of current
constraints and resource limitatibns, butieducational goalé -
afevalready undergoing two kinds of shifté. First, anv
increasing emphasis on'general—purpoée study and research
sills seeks to help learhers in any content area. Usé of
databases, éﬁline information ser&ices and hypermedia‘
systeﬁs Will promote success in this new directioh of
studies. Second, the emphasis is shifﬁing.from learﬁing
isblated skillé and information within each content érea to
-learning how to solve problems specific to each area.
Again, the emérging qualities of technoiogy resources such
as~videodi$cs, multimedia and telecommunications help
teachers to focus students on such complex goals that call
for underlying.basic skills.

Assessment methods Will changé to reflect the new
curriculum. New calls for “authentic assessment” methods
mirror the need to make both instruction and evaluation of
progress more relevant to student needs. Assessment of
performance is shifting from paper-and-pencil tests to
performance-based methods and student portfolios.

Technology-based production tasks can serve both as means
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of acoomplishing this assessment:goal and ways to track
acquisition of underlying skills.
A Technology Planning Guide

Although no one-is ever sure exactly‘What thevaturé
Will bring, teachers knowrthat they can strongly infiuence
events in sohools. Setting:appropiiate,goals‘and
developing sound plans for]reaching them are such common-
sense preiequisites‘for snccessyin any endeavor that
someone mighf assume that any tecnnology pfoject would
follow a well-conceived plan.  Sadly, this is not always
the case.

Recent surveys indicate that schools and districts
often purchase technology resources without first adopting
technology usage plans (Dyrili and Kinnaman( 1994a). Lack
of planning does not guarantee failure of an educational
technology project any more than planning assures success.
Still, technology experts‘and'téchnology—oriented educators
generally agree that deveioping and maintaining a school-
level plan increases significantly the likelihood of
receiving the full benefits of téchnology's potential for .
. improving teaching, learning_and productivity.

A technology plan nelps a SChool make sure that its

investment in technology pay expected dividends. However,
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‘the process of planning itself requires an investment of

~time and resources. Technology planners can spend a

. substantial amount of time researching various products and

- services, meetir ptions and make decisions,

. <others. - Agreement may mnot come easily on issues such as = - . .

Y;Whichﬁﬁrandsfofwoom ,tware”tozaabptiand“Who

[ffgets computers flrs

}1T¢ﬁ§Olng' heated debate among facu:ty tﬁd staff | Anyonéfthia
: ‘ niz -technology o
5ﬁwnﬁswﬁﬁ £PN

itiPlagniﬁé‘eavee,time' A technology'plan

w“;hgipsgto;pﬁéééﬁj'” _nd act1v1t1es that do not move ffﬁ

: Foriexample, 1f pr_setj“ﬂﬁ’fft

;iCrlt ria- gu;de.equlpment and SOftware¢purchases, 1t‘;8*lesslefof o

fionce saldu:j*~ ’

e*wherezyou!réig¢ing>inuﬁne.




‘”lliable‘to'endlupisomeplace3else (p V);”'Without*aWClearfi:fh?~ff

‘uf,ldea of what a technology 1ssue should accompllsh it islfgf{jfgf

'dlfflcult tovknow whether or not technology 1s achlevlng :
.Eglts goalsfand;llfrnot,‘howito&makeschanges Technology t.
v'rvplans‘requlre educators‘to set goals; perlodlcally evaluate'~
:ftherr progress toward achlev1ng them, and3reV1sevthem3based
. Qn cohcreteeviaencéf: T 8 S
| ”gplanningbbullde:mOtiyation}lfAﬁYféffortﬂto:taﬁe'}f¥h
’,fadvantage of technology‘s beneflts must overcome a”majordf'y‘
- ‘probiem of convincuig peoplé »1n ‘the school that these
fresources justlfykthe effort tollntegrate‘them. ‘Plannlngh
:for technology‘forces partlclpatlon by key people from each{
' group 1n the organlzatlon As they reylew resources and

set,goals for technOlogy use, theyfbecomefacqualnted w1th f~>

| the potentlal beneflts, they arehalso‘more’likely.to:begin et

lu51ng technology resources that they have helped to select
iFlnally,;partlclpantS;lnthe plannlng,process arefmore»fﬂb
»likely;to‘become7adyocate51for‘technology,iworklng,to’“‘HH
'»convlnce,Other{members offtheirfgroup;atowuse_resources,:
ythat/hecome ayailable. | |
| ‘:Inlsum,aeyen fhe}smallestrschoollcaﬂ’fiﬁd an abuhdéncel
'yof.goodmreasons'to;deyelopandadopt its_owntechnology';y“

’plan. Indeed, it hardly”makes'sense'toque-technolOgyﬂ
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without completing the plénning process as an essential -
first step.
Planning Strategies and Steps

Before planning can begin, the prlanners must be
identified. Most reports of first-hand éxperience with
planning for technology‘(Apple’Computer Company, 1991;
Association for Media and Technology, 1991; See, 1992;
Bruder, 1993, Dyrili and Kinnaman, 1994a; Wall, 1994;
Brody, 1995) recommend assigning the task to a technology
committee made up both educators and technology experts, as
well as representatives from all groups in the school. As
Dyrili and Kinnaman (1994a) and Brody (1995) point out,
such committees are most effective when appointed by
administrators who give them authority to implemeﬁt what
they recommend.

Several good sources document the steps that a
planning committee should fbllow to develop a sound
technology plan. 1In 1991, the Apple Computer Company
developed a planning guide entitled Teaching, Learhing and
Technology—A Planning Guide. This recentlyvupdated
multimedia package describes these steps in detail and
gives examples 1in both written and video formats. Dyrli

and Kinnaman (1994a) also describe a good sequence of
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l’plannlng steps?»and Brody‘(1995) drres‘axwellﬁprepared‘>%

summary of plannlng steps and guldellnes l A recommended

.5$eqnencevcommon to. these.and other sources lncludesbslx 1f

‘}Steps . ‘ e : :

Create a “merged'versron " As a'crltical fir3tlstep'ls
'iplanners should envlslon potentlal appllcatlons of ,thadtpf;
'technology As part of thrs process, they should 1dent1fyf;1

”ﬂta clear statement‘of the organlzatlon s m1ss1on and v%1.' |
mphllosophy ln order tobartlcnlate a role forutechnology‘

o For example, a school’s central goal may emphas1ze»ff

‘accelerated academlcs ‘Technolo\l 'lan;ers.shouldithenﬂf17:l

. empha51ze appllcatlons that:w1ll promote and reflect thls o
: prlorlty. Dyrll and Klnnaman (l994a)‘advocate collectlng:;ﬂ“

and analyzing,allfaVailablenmaterlalS’that~document°the}

organiZation”slmiSSion,_currlcular goals and objectlves andn,'.f

‘educational ,q'uifdeliﬁ‘é«s. Wlth thls klnd Of lnformatlon ln
_hand, thefcommitteeucan begin”toaresearchftechnology“”i'ftu

‘aresources and act1v1t1es w1th the alm_of merglng the

'fgfeducatlonal verslonvof the school wl,hjahv131on of the
benerits offteéhﬁélogyfto}Peréﬁé;oﬁgan;ggtiona;ngoarsﬂgndf
Cpriorities. FE AR o

1tflA$séss°£hé'¢ﬁ£;antlstatug;prn;the ﬁégﬁéﬁep,d“

echnoloay planners revies the organization's current uses
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: of technology Thls usually requlres'a‘Zuryey?insﬁrumentfe:

’d.to collect data on current resources and act1v1t1es wThé‘.g“v s

'a~members‘Offtheﬂplanning;committee may'also;wantltojvisitugtTfi'”

yclassroomsﬂandtlabSitoyobserveftechnologyhuses“firét%hand;w;

:'tiandltalkjto‘those‘involved;3,WheneVerlpossible,"thela’:‘”

commdtteetshould_presentvdata lnyyiSual:maysISUchtas:chartsiy
,and”graphs soianyonedcan«easllytsee_Whorls;doingdWhathlthdk
htechnology resources ‘ i | |
. Set‘goals,u Dyrll and Klnnaman (1994a) calltthisf_j’
vact1v1ty “developlng a guldlng framemork”‘(p 53) | At.thisl.
'f“fstage, planners speclfy concrete goals that dlrect the N
'rfhorganlzatlon ‘S . later actlons‘ These pr1nc1ples should _al
gvaddress 1nstructlonale‘admlnlstratlveuand teacher,‘.v

"product1v1ty uses as spec1f1cally and 1n as much detall as

h'='po581ble,‘~For example,‘a school may spec1fy a goal that by?

A‘a“cértalngdate;iallvteachersvwlllskeep thelr{grades‘on}ano
"jn.electronlcrgrédehooKlptogram and,that.all;teaéhers Wllll“
vmahe:onepreSentatlon.viapfesentationsoftware Or»a th"§
‘multimedia‘system;' To‘keep these performance alms '
-‘szractlcaland fea51ble, the commlttee w1ll probably want to‘
dhrevlemlother, prev1ously developed plans that talk to a
'varlety of experts and technology orlented educators who‘.

—y

‘have,successfully,adOpted technology;resourcesg‘ Apple

Sz
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.(1995)>aléo récOmméndébqarefui:féview.of'ahd‘refleétion oﬁ
potential>gbals, leédihgbfo.réviéionsvthat préduce‘final'
vstatements. | -

| Deveibp.écfiQiﬁies;f 4After devélo?iné fechnology '
»goalé, the chmifﬁéevmﬁéf,oﬁtlineispeéifiC'actiﬁitiés that
will fake the érganization ermfwheré 1£;is to where it
wants to be. vThis:pért;of thef§lanspecifies.néededi
pﬁrchaées énd trainiﬁg and‘affiﬁéframé‘fOr:accompiishing
them. Tﬁé Apple:Compﬁté¥ Compéﬁy (1995)>model:c5ils for
-.several~eVents_a£'tﬁisstep:‘identifyinqhumaﬂjresourcés}
'dévélopiﬁé a time.liné; deveioping a,budgét'andvideﬁtifying1'
: funding'soﬁrées and’decidingvhQQ:tO'evélQate '
'iﬁplemehtation.r If'als§ recommendS»devélopih§¢a i
' preséntation‘package to-éémﬁuﬁicafe fhé»plahbtb évéryone
ianlved. : . ) |

. imp1emént thé‘pian. _To make sure that a plan’leadé to
acfibns, plénhérs bégin by thaiﬁing appfévél and
,endorsémeﬁt ofbkéy décision mékeré. 'They may'présent.their
findings ﬁO'the bbard Qf’tfustees, principal and/or PTO |
boafd(  OnCe theiplan is approved,vseveral indiﬁiduals and
'groupé Will play key'roles in‘implemeﬁtafion{ Thévplanniﬁg’

committee will continue to supply guidance and direction.
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A technology coordlnator‘céé alSthelpcfdloverseevallrthel.
actiyitiesgv | | " - ” |

Evaluate and rev1se the plan Implementation is‘not?
really the end of plannlng, 1n‘fact,,technology plannlng
vshould never really end Technology Changes so qulckly andpf
:draﬁatlcally that perlodlc rev1ew and rev1s1on of any plan
"15 anﬁabsolnte;ne¢6531tyfe,Athvltlesushould be monltored
continuouslyiand,adjﬁsted;as,necessary to,assure“
acconplishment;Of the‘oyerallggoalfbtobuse technology~toviv
improve‘education7and‘promote theforganization’s”’ |
:educationaliagenda; | |

o Characterlstlcs of Goovalannlng
h Apple'(199l). éeei(l992)b~Dyrllyand.K1nnaman‘(1994a)
' and Wall (1994) offer.good adv1ce tovassnre effectlve‘ |
dcompletlon of all phases of technology plannlng ‘There ares%

5wjseyeral‘commonvpolntS:li‘ »

Involve ~t'éaéhé‘r"s and other p:er”‘son‘neli‘. ét | 'all- levels )
‘fo obta1n~w1despread support for avplan, the plannlng team’wf}
hshonld ;ncludelparents,dcommunlty leaders, School4*
Hadﬁinlstratorsvandﬁteacherslv Involv1ng teachers is
ésgééialiy"iﬁporfahfl Any technology plan must show where
and how technology resources w1ll flt 1nto 1nstructlonal-

’ plans,for.all_gradefleVels‘and-content areasgf Justlas



rfCUrriCulum'plansfregulre:inputdfrom-teaChers, technology o
h'gplans depend on dlrect guldance from those who 1mplement-«r”’”

'luthem

Budget yearly amounts for technology purchases
iilTechnology changes too rapldly for schools to expect one—_
”"ftrme purchases.of egurpnent or software toisufflce ‘ Al:::i
:technology plan should allow for yearly upgrades and ?hvk
'laddltlons to keep resources current and useful ﬁ
‘ﬁMake‘fundlngvlncremental‘ few:SChools yearly budgets
ﬂdallow the purchase of.all‘needed‘resources or . teacher
.vtralnlﬁg;"rAtplan shOuldfldentlfy.awspec1frcvanountito3!
'T;Spénd each year and'abprlorltyvllst of actlyltles to fund"y
fn;vover the llfe of the plan.?fhl"dv‘h'v g |
: Empha51ze teacher trarnlng‘ ’KnoWledgeable people are
as 1mportant to a‘technology plan as-up to date technology
‘resources : Successful technology programs hrnge on well—‘
trained;imotlvated:teachers CA technology plan should v:i
':acknowledge and address thlS need w1th approprlate tralnlng‘
'act1v1t;e$xad3é§ (1992l reqoﬁmends?close’coordlnatron‘yC
*betweenbtechnology:training%plans and:staff7develop%enta
:plané;pf‘ SR e S , _ . ‘
| Apply technology to needs and 1ntegrate currlculum

\To paraphrase the old adage,kﬁlf technologygls‘the answerp



what's the question?” Efféctive planninglfocuses on the
éorrect questions. For example, plaﬁners.should.ask, “What
are our current unmet needsfandfhéw can technologf address
them?” Too many skip this question'and Jjump to “How can we
use this'equipmént and software?” It is difficult to
identify needs since the emergenéebof’technélogy_has a way
of chaﬁging them. Many educators,did‘nbt realize that they
needed faster communications until the fag machine, e-mail
and cellular telephoné becamg available. |

Curriculum intégration should also focus on “unmet
needs.” Technology should become an integral part of new
methods to make education‘moré‘efficient, exciting and
successful. Plannerg‘should ask, “What‘are’we teaching now
that‘we can teach better with technology?” énd/“What can we
teach with technology that we couldn’t teach before.but
that éhoﬁld be taught?” |

Keep cﬁrrent and build injflexibility. Both
.techhology and users’ opinions abbutihow to'i@plement it
change daily. 'Leading—edge technélde‘solutioﬁscanbecome
out-of-date sdonvaftér theif development as more capable
resoﬁrces emergé and new reSearch‘and ihformation clarify
what works best. To keeﬁ up‘with these‘changes educators .

must constantly read and attend conferences, workshops and
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meetings—avfull time job in itseif. Each school’é
- technology piaﬁ should address how it will obtain and use
technqlogy resoﬁrces over a 3-year to‘5—Year period.' (Néw '
York State School Boards Associatiqn; 1989;'Mageau, 1990;
Orlando, 1993). Butvany fechnology plan should be designed
to incorporéte new information and changinQ‘priorities
' through yearly feviews and revisions (See, 1992).

‘Planning essentials and ﬁistakes. See (l992) and
'PalaZZov(1995)}cite criticql attfibutes and criteria for
successfui technology plans. These include: planning
committees made up of pareﬁts, teaghers, administrators and
business.leaders; provisions for on—site technical support;
access to hardware and software; iong—term staff
deﬁelopment and‘in service training; assessment of present
technology status, and future needs; and ongoing assessment
and‘evaluation‘methods; Oon thevother hand, Wall (1994) and
Dyrli and Kinhaman (1944a5 note some common pitfalls to
avoid: - (

1. Failing tovlink thé organization’s‘education
goals to its technology planning goals.
2. Preoccupation With overly detailed

récordkeeping or surveys that obscure or

overlook the “big picture” of technology use.
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3.Making'planeatco general (e.g., stating goals
toc'vaguely) orvtoo specific (e.qg., requiring
‘purchases of certain hardware that will become
,obsolete over tine).

4. Making massive investments in untried, fitst
generaticn‘tecnnoiogy.li'

"~ The Apple Computer Company multimedia package (1995), .
Dyrli and Kinnaman (1994a), Van Dam (19945 and Palazzo
(1995) offer good examplee of plans that have already been
developed. Apple demonstrates planning and implementation
activities-of_four example schools. Dyrli and Kinnaman’s
article cites sample plans from the National»Center for
Technology Planning (NCTP) at Mississippi State University.
They note that these plans can be obtained either by ftp

v(file transfer‘protocol) via the Internet at RA.MSSTATE.EDU
in the directoiy /PUB/ARCHIVES/NCTP\or by mail.t,Van Dam
(1994) gives a very chn—tc—earth description of one
school’s experience in renovating its facility to
acccmmoaateband‘promote the use of new technologies.
Palazzo (1995) describes five “great tecnnology plans” that
won a planning contest sponsored by avmagaZine.

' Obtaining the Right Material and Perscnnel Resources
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';Fundlngffor‘Technology‘ReSOurces:fEroblems_andf-

- Recommendations

Iﬁ' a”‘f"ii*el"d’ knowh*fo‘r”l"i‘t-sffla‘ck_.--' vf',f?-’fcbn*s’ehféus,] i?tf is'v e

'ﬂ;‘remarkable that there 1s the general agreement that

"Ju adequate fundlng can mean the dlfference between the-“

“ffbsuccess or fallure of even the best technology plans

’ 5flf(November and Huntley, 1988 Bullough and Beatty (1991) ,p

,Formal studlesmof obstacles to technology 1ntegratlon haye‘
Lf,jreached the>same.conclu51on.lBalley,-1990 Mahmood.and'
,{Hirt,.1992) The most lmportant 1ssues 1nceducatlonalv
'bltechnology reflect those ln theueducatlon‘systembltself
:bi and both place fundlng at the top of the llSt .FundingC:;:ﬁ"\
' Mlssues may be deflned by three crltlcal questlons :
| 1 What doAschoolsvneed toﬂlmprove the present

s1tuatlon°“""

2 What klnd of 1nvestments w1ll 1t take7

3 Where and how w1ll schools get the fundso'“'”' B

The flrst questlon 1s the most dlfflcult to answer

o Educators 1nvest tlme and money 1n technology because they,

f(fbelleve 1t w1ll help to 1mprove thelr ablllty to teach and:fbwfb

”-students ablllty to learn Teachers devote great effort
.;;n‘locatlngﬂrQSOUKCGS'tO’accompllSh-theSe_alms. ;Once»a g“

‘Tschool;orﬂanfinleidual?téééheridecideSTwhat.to.do/ a
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.wealth of guidelinesvand advice suggest resources that will
meet the identified need and how to find money to buy them.
HoWever, several problems can complicate the identification
of resources ano thevsearch for funding-

The high price of keeping up with technology. Besides
’the‘high initial cost, the primary problem with investing
in technology‘is the changing pattern of technology usage
along-with revisions in thevassociated definition of
“adequate resources.” When microcomputers first entered
schools in the late l970’s educators have striven to get
enough microcomputers to lower their computer-to-student
ratios and enough drill, tutorial and simulation software
packagesvmatched to all content areas and all‘grade levels.
Schools that'invested heavily‘in early mircocomputers were
often surprisedinot‘only at how quickly their equipment
became out—of;date, but also‘at its incompatibility with
newer models.‘ Within a relatively short period of time, a
completely new generation of more capable and “friendly”
equipment became available.

In addition, the philosophy of the benefits of
technology for teaching and learning was evolving rapidly.
;Theﬂproblem of providing'adequate teacher training, always

a difficult and expensive need, became even more difficult
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without agreed—upon directions for how best to integrate
technology into instruction. Maintenance and security fof
existing resoutces elso became’important costiissues}nvin
the 1980’s and 1990'5,;new directions in technoiogy use
repleced the emphaSie on-mierocomputers with the trend
toward multimedia and integrated learning systems. Schools
‘now face e dual challenge that eeems likely to remain the
only constant amid changing edncationalrtechnology; how to
acquire>technology resources adequate for today's needs
while keepingvan eye on emerging trends in'the'field that
couid affect future purchases and training.

Recommended funding strategies. Positive trends seem
likely becauee most'peoole are becoming aware‘of the |
increasingly pervasive influenCe of technology throughout
society, and.this influence cennot avoid educationt
Investments are at an ell—time‘high in education becanse
educatorevend perentsfaiike fecognizegits critical role‘in
current and planned efforts to make the educational syStem
more efficient and more responsive to the needs‘of today’s
studentS—(Brenson, 1988; Dede, 1992). Current uses of
technology based”on past experience help to define and
shape this future role. This accompanies-a growing

awareness among legislators andifnnding agencies that
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dtechnology 1n educatlonvwrli requlre majorﬁlnvestmentseboth
tvilnltlally and contlnually (Clark 1990 ROSe, 1992)
Severalvtactlcskcan help educators who need fundlng‘for‘ﬁ
ftechnolody resources to 1dent1fy the‘most promlsrng
'technology hased act1v1t1es and malelze thelr‘chances for‘
ffrndlng flnancialfsupporthfor’thelr{plansrvLMu } 5
Bu81ness‘andv1ndustr§ partners have hecone part of a,
‘major strategy for fundlng educatron rn denerai 1n recent -
'years (McCarthy, 1993) Manyfcompanles‘havebcome to sharefvff'>
a spec1al 1nterest 1n fundlng‘technology in. educatron;land';h_’
-;‘hotherzpotentlai;sources:ahound.vuseVeral-recent spb
;;publlcatlons have documented these sources and th schoolsf
'iifcan tap them,(Technology and Learnlng,pl992 Electronlc.}h
‘w_ieafnrng, 1993) . These journals. spec1alvlssues; whlch‘
-falso lnclude adv1ce onvgrantnwrltlng and fund ralslng;e;
”sprov1de 1nvaiuahie”a581stance 1n locatlndvand obtalnlng‘

fsupport for technology

In the best American tradltlon of frugallty and

‘f_eCOnomy, educators have created many.ﬂays of maklng do w1th€?» o

';pthelr currentntechnology resources (Smlth 1992 Flnkel

o‘r:1993) . some strategles for Optllelng resources empha51g PR




Requlrlng competl 1ve bldS for large sums or.

'fdg]frequently used SUpplles

ladﬁ.aUpgradlng current software whenever poss1ble

“rﬁiiiBécyclingﬁwhéneVerupoSSiblé*lélr ”7re‘inking1prihﬁéraj"”

darteidgesy i

. meéet lowe:

 Using older equipment |
| nonmstruct ion‘afl; ’-ne“ﬁefids‘f
‘*sharlng resources among groups whenever fea51ble

Settlng Up Phys1cal Fa0111t1es

Schools have developed several common arrangements forf

g:atechnology equlpment Table“ladetalls;l;erbeneflts*and*fﬁ”*

ldlllmltatlonsgofweach A schoolycould conce vably need

provldlng -grou

: w?féuitédfto

"often at lowerrgrades.



| Ideally, However, a school would have access to both
'classroém°aﬁa5i;bfﬁésauréés;l:Eaeﬁ'élass;oam~sh5ﬁia_bayefa B
‘:wafké£a£1557¢é§ébiéﬁof‘ﬁeffaiﬁiﬁg‘£hé‘fﬁ11vgamﬁﬁiéfJVV" |
technolody hased 1nstructlonal and product1v1ty actlvltles-
‘from word proce851ng to multlmedla appllcatlons‘ 'Thls-',“
lstatlonﬁcould‘actyas a‘learnlng statlon to support eithervl,
viﬁdiVi&ual or*smallréroup.work.kFln'additiondtotclassroomV_.f
:r'resourCes,.every school should have at least one’general—»;'
‘purpose lab w1th at: least 15 to 20 statlons to serve the.
‘productrv%fy;needs;oflstudents and teachers;> o
L Dyrii{éndeinnaman'(1994hyudescrihehhow today’shll‘
f’classrooms'Should'?targetgtor,technology;” Theyvadvisey
schools'to planbtoysupplyffour computers:perhclassroom,»
network.and:telecommunicatlons;aCcess,'CD¥ROMYand laserdisc
»players and dlsplay capablllty for both computers and |
nlarge—screen progectlon.v Although every school may not be .
iyable to attaln thesevldeal condltlonS‘(at least not rlght
i:away) a school should 1dent1fy the fa01llt1es that it
h5wants>1n 1ts technology plan and set up a prlorlty llSt _l:h}
:pthat w1ll help 1t work toward ach1ev1ng them |
| “hvBunson (1988) glves a. rather complete llSt of‘concerns

to address ‘when settlng up a mlcrocomputer lab in a medla

centertg»These 1nclude:
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7Eﬁvirdhmeh£él'£actb£§ g A lab’s layout must provldefv
’.spatlal arrangements for‘edulpment‘and trafflc flow,cn_jft
f:furnlture, power outlets; unlnterrupted’powerhsources,fana“f
=:hackuphpower‘sources;jantrstatlc;mats,andwsprayS}iandibllf
‘];;propérﬂﬁsmperature, lidhting3and'acoustlcs;i - L
“QNEduiﬁmenthacdulsition;nfsoftméreland”hardware;néeds?%f-
rpgouern de51gn crlterla R

Admlnlstratlon ' A‘labfs deSignfmustlset policies;for

“Ti°copyr1ght enforcement, equlpment dlstrlbutlon, COntrolland',f

f“access, staff respons1bllltles and tralnlng, budgetlng for*““"'

'5,hardmare,‘software,}personnel,1suppl;esﬁgandwmarntenance;~:'
Ffand publlC relatlons“ " S | |
,s_Manc2uk (1994) updated thls llSt w1th some addltlonali
{factorsfto;address These 1nclude equlty and access 1ssuesv
.dtofassuréfthatdspec1al populatLOns‘(e-g;, phy51cally
.;handicapped;usersl can beneflt from the center and
-;SéléC£iohfof'anfautomated?5jstem to.maintain andvl0cate'd
*-;£e§6ﬁr¢és”éasi1y;f Securlty measures‘and‘safety featuresa;dl
fle g r preventlno electrlcal shocks)‘areralsolmajor |

:{concerns 1n lab de51gn and placement Apple Computer

' vaompany (1995) has developed a helpful gulde that addresses

'-f‘all these 1mportant factors Wllson (1991) also;adds:,.. d:




)

design concerns Speéific to elementary schools, which need

to “scale down” workétations for smaller students.

Van Dam (1994) is among a growing number of educators who

urge schools to provide facilities that allow teachers

“access to information via voice, video and computer data,

anytime, anyplace” (p.56). For many schools this involves

complete redesign or retrofit of their facilities. Van Dam

describes how her schbol went about this effbrt. Such

dramatic change is an expensive undertaking, but some

organizations consider it so important to the future of

technology integration that they have decided to allocate

special funds to support the redesign activities (Macon,

1992).
Table 1
Types of Technology Facilities and Their Uses
) Benefits/ Limitations/ Common Uses
- Possibilities Problems
Laboratories Centralized Need permanent Group
resources are staff to supervise instruction for
‘easier to maintain and maintain instructional

Special-purpose
labs

and keep secure;
software can be
networked and
shared.
Permanent setups
group resources
specific to the
needs of certain
content areas or

types of students

resources.
Students must leave
their classrooms.

Usually exclude
other groups

and productivity
activities from
word processing
to multimedia.
Programming
courses; word
processing
classes of
students in
math, science,
etc., teacher
work labs,
multimedia
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Benefits/':

nLimitaticns/

Commoh Uses

General—use».w
computer labs

open to all"

| school groups

.‘Library/media
center labs

Library/media

center labs -

Mobile _
workstations

Mobile PCs
(laptops) '

Classroom .
workstations

Standalone.
classroom
- computers -

;vpresent
‘access- to all

‘noncomputer

. On-demand access

'Possibilities

‘ Accommodate varled
“‘uses ‘by: dlfferent
- groupsr'* }

a

Same a5>generalf'_‘
. labs.
" need spec1al
‘training.

use labs, but .
permanent staff
are. already -
‘Ready

materlals to

. promote
~“integration of.

computer and

resources

" Stretch resources -

by sharing them

~among many users

.eEasiiy acceSSibie_ 
. to teachers and
._students

Easily accessible
to teachers and
students ..

‘problems

- Problems

Difficult to

'schedulegspecific,*

uses.  ‘Usually
avallable to only

~one class at a tlme'

Same as general use
Staff: will

Classes
cannot . do

productlon or group-

work ‘that may-

“bother ‘other users
. of the .
_-llbrary/medla -

center

‘Moving equipment
increases breakage

and other
malntenance'
problems.

Sometimes . dlfflcult
to get through

. doors or up stairs:

Portability
increases security

‘No immediate
‘assistance .
. available to:

teachers.“eOnlYZa
few students can
use at one time’

Same as classroom
workstations

productlon
~courses and

activities .
Student
product1v1ty
tasks

,(preparatlon of
‘reports, .

a551gnments)

‘class

demonstratlons,
followup work -

Same as general-
"‘use labs

Same as general-
use labs

Démonstrations

Individual
student or

: “teacher
o productlon

tasks; teachers

_assessment tasks‘

Tutoring and

drills;
f;demonstrations;

production ,tasks

~for ‘cooperative

learning groups;
e-mail- between
other teachers
Tutoring and
drills; whole-
class:
demonstratlons




Tralnlng Teachers +

'fReSearcherngenhhally'agree that properly tralned

"jﬁteachers make the- dlfference between succesﬁﬂor fallure of S

”hk{an;integrationneffOrt (Shelngold 1991 Munday, Wlndham and:”

7.

*9'-j,,..;_,'s»falmprer,'-1991 Dyrll and Klnnaman, 1994b, Slegel 1995)

‘5f5Recent studles have settled on the.klnds of areas 1n whlch

'4teachers should be tralned The Natlonal Counc1l foruﬁ"

fAccreditatl‘n:(NCATE); thehagency respon51ble for

%ééféaifinélCOllegesrof;eduCatlon, enllsted the help of the-ir

‘ﬁlflnternatlonal Soc1ety for Technology 1n Educatlon (ISTE) t )

'fdevelop standards for teachlng about technology 1n'“”'”“"

::Qlfeducatlon Todd (1993) anduDyrllxandiKlnnaman{(l994b)e

'°7ﬁsummarlzed fundamental technology goals‘thatf
'nyirecommended for every teacher

:*FQperatefafComputerﬂSystemwtoTQSeﬁsoftware

» Explore, evaluate and use ?‘ti-fe'chﬁolagy—fb:a

'appliCations, communlcatlons, presentatlons and

'deCision“maklng;q;;'
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\
Apply'current instructional principles, research and
appropriate assessment practices to the use of
computers and.related technologies.
Demonstrate knowledge of uses of Computers for
problem‘solving; data collection, information
management, communications, presentations and
decision making.
Develop student learning activities that integrate
computers and technology for a variety of student
grouping strategies and for diverse student
populations.
.Evaluate,,select and integrate computer/technology- .
based instruction in the curriculum'in a subject
area and/or grade level.
Demonstrate knowledge of uses of multimedia,
hypermedia and telecommunications tools to support
instruction.
Demonstrate skills in using productivity tools for
professional and personal use, including word
processing, database management, spreadsheet

software and print/graphic utilities.

49



e Demonstrate knowledge of equity, ethical, legal and
human issues of computing and technology use as they

relate to society and model appropriate behavior.

o"Identify resources to keep current in applications

of computing and related technologies in education.

e Use technology to access information to enhancé
personal énd professiénal productivity.
® Apply computers and related technologies fo
| facilitate emerging roles of learners and educators.

All widespread’recqgnifion of the importance of
téacher training has accompanied the recent concurrence on
the list of required skills.v'étill, Sheingold (1991)
pinpoints a fundamental stumbling bloék that will
complicate teacher training for éome time to come:
“Teachers will have to cénfrdnt sqﬁarely the difficult
problem of creéting'a séhdol environment that is
fundamentaily different from the one they themselves
experienced” (p.23); Using technology doesn’t stop with
computer-based grades or aSsigning étudénts to use word
processing to produce traditional book reports. Instead,
technology confronts teachers with both new possibilities

and imperatives for radical changes in teaching behaviors.
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Colllns (1991) descrlbeshowthese newteachlng/learnlng .
i‘venv1ronments dlfféf fram fhase of the‘past by.c1t1n§‘elght;
‘#ghranas identlfled fromvobserQations of‘sahools that have
ClassroombehaVlors Ul g ey T o SR
e From whole—classtOsmall—grouplnstructlon
+ From wdrking With better students o working with
|+ Toward more engaged students
»oy‘F#aﬁihéét%hasédaaaaesamehh}to‘that<baaéd Qh-»"
products, pmg'rés_s':, and effort
.._{Fféﬁ,aéﬁpéﬁgiiyek§o;¢¢§pgfatl§§f§a§;§1'stru¢£ur¢s, -
'+ From all students learning the same things to
1§aifféféht;sﬁuaantaflaahhihgfdifféfaht”£hihgs;fi;&“;
o Feoi prindrily verbal Tearking to. e integrabion F
L§i3uaifaﬁé;§grbai7£hinkihga‘h; iJ1hh¥ > , .
o s ince: more preserV1ceandlnserv1ce x teachers n
" exporiente educabional enviromments Far différent from EHé .
: onéfddilihé.deS¢fihéa; theifbtahhnology thainihg mast |
 a‘prov1de>firat hand exparlence w1th‘these new methoda

ﬁEffective.traihingbmustﬁmodel thegdaSiredlenvironment‘as.itf

N E




dﬂteaches”abont the‘new technologlesr‘ Brooks and Kopbll19é9l!p.
“h:and Roblyer (1994) descrlbebways of modellng technology by-i"
"“huslng 1t in the redular act1v1t1es.of teacher educatlon .
 prograns; :"theé‘ei-»s;amef‘ methods could ai-S(? mprovelnseere =
| training. Suggestions for teacher trainers include:
iteleconﬁunlcatlons—hasédférojectsfandfother;nOn;:
“traditlonal;vnon—lecturemethodsvtovcarrY"out:trainlnd;ei
eus1ng oresentation software to teachbgroups:and requlrlng
3rts use forvlearnervpresentatlons'to}classes and other
groﬁps;‘reqnlrlngbpse‘of~technologyprodnctSZKe;gh(nd
_‘ s’_.oft_ware' and’.._.vi‘de‘odiscs'.'v)’bv'in t}aiﬁe"esf‘" .r‘e..seva'_rch: projects or
vdemonstrations‘for;other”courses'or:trainingvworkshop375
o requlrlngllearners to do research for class prOJects nslng’:d
onllne, CD ROM ordlsc—based'databases1(e.g.ERIC)'hav1ng‘5
each learner develop-and‘malntaln a personal database of |
'recomnended teachlngaresourceSgthat'1nclUdesatechnology =
.products and prOJects | tia L :
| The research also oenerally reflects thatvtechnolooy ;'

{tralnlngreqnlreSoan“ongo;ng,school‘programlratherthan,a'
| one—shot learn—lt-now—or—else session. Thlsnew .‘.lea‘rning_
introdnces‘too:nany;newlconceotsfand‘toohmuchlinformation;

”forfafteacherttoﬁahsorbfatfonewtime,,hoWéVer‘long the
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‘ﬁifprocess drlven by the staff When teachersfdetérmine»fcré

bfthemselves what they need to learn,'there lS a pos1t1ve

.;mfeellnglof ownerSh”pfand a greater llkellhood that thevﬂwf;}t”‘

h;yskllls and 1nformatlonbfrom the tralnlng w1l;:be .

‘ﬁfVﬁtlnternalized retalned:and 1ntegrated Flnally, resources-f

'hould be 1n place so that teachers can apply what they

ff,;learn 1mmed1ately after the tralnlng experlence

'nﬂa,Implementatlon.issuQSQ,-”*-‘

:Maintenance andﬂSeCUritY:COneerhé&fﬁ“F“y

Wlth all thelrypower and capabllltles, éémputérs'and':-

fjrelated technologles are 31mp7y machlnes They are subject

,ato the same mundane and frustratlng problems as- any

tr,,;equlpment, that 1s, they'*anvbreak»dQWanmalfunctlon_orﬁbe’ff.

**w?ffTﬁef iterature reports that as =

ssues, ‘and these




' technology use. This section describes somé of the ongoing
maintenence and security cOnCerns that will continue:to
powerfully affect teachers’ ebility to iﬁtegrate
technoiogy.

Technology Labs and WorkstationsziRﬁles and
Procedures. Most labs adopt rﬁles intended to extend the
lives of the resources they buy and make sure that the labs
fulfill the.purposes for which they were designed.
Teachersbwill find that most of these same rules should
apply to the classroom workstations.‘ Lab rules’and
procedures should be posted prominently andvshould apply to
everYOﬁe who uses theblab, from the administrationvto
teacher‘aides:: |

P e No eating}édrinking, or smoking should be allowed
near equipment.

* Lab resources should be reserved for,instructional

purposes‘(e.g., no one»should play non-instructional
e-_games).
. Only.authorized lab personnel shoﬁid‘cheCk out lab

~ resources.
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"lfo.foouhWorkdshould1béf¢n¢oufaqed[_but lablusers

fshoulnghoW‘fespeot forfothers,bemaintainingu’

‘appropriate noise levels.

ST

- e SehedUleSQforfuse'shouldhbefstriotlylobserveda'”7'

;ﬁ;_Problems w1th equlpment should be reported promptlyf{'

to des1gnated personnel

'Gray (1988) offers a doZenb“gems” for managing.a Q';"

mlcrocomputer lab effectlvely Although wrltten in

"f' 1988 for use 1n hlgher educatlon, these guldellnes

"1apply equally well to labs and workstatlons in any

'-“eduoatlonal organlzatlon, and they are. as useful now

5lfas_when they‘were‘wrltten;vﬁThey ;nclude:

, ;4

j7

. Conduct a needs assessment.

Improve staff communication.

Use Written*obefational'guidelines;"l‘

Be cost-conscious. .

Use wish lists. =

“Inspire'studentVassiStance;*'

Manage tlme effectlvely

Prov1de staff development

'";,9<Keepvac¢urate utilization;methods.

fhiﬁ;Pe?f@rmifrequentfeﬁaluationsL"



,,ll;Eractlcedhéhdé}bn;nanagenent;V
"fljlé.Sta?;ahréegﬁ,oanew:developments,‘
MaiﬁténaﬁaéhNééds’AAdloptiaﬁscan'"
dAEach teacherlwho uses technology-needs‘trarnlng 1n

"51mple troubleshootlng procedures (e g p how to conflrm .

'.h‘that the prlnter 1s plugged in and the “onllne button” llt,:"‘

':what to do 1f a computer says dlSC‘lS “unreadable”)
':Educators should.not be expected to address’more -
lcompllcated andbdlagnostlc and malntenance problems,g;r”
':‘though .»Nothlng,lsfﬁoreufrustratlnthhat'dependlng Ontaff
lplece of‘egurpment to conpletevan lmportant‘student prOJectﬂ
Htfonly to dlscover 1t”ls broken or functlonlng poorly ‘VA.
Tf{%technology plan.must‘makehsome prov181on ahead of tlme to in;l
lexpedlently replace and repalr‘equlpment‘de51gnated for"
' Hclassroonsusef A | PR |

o Schoolecan”minimizeftechnologyfrepair*problems”lff;vg

’jjusers follow good usage rules and do preventlve malntenancelg'

';gprocedures (eagi, regularly cleanlng dlSC drlves) Even

es of‘c1rCumstances;{howeVer[QcomputerS“and}‘m R

"gjﬁothér’-e’qui'pméﬁf,.y&i1.i”f-br-e'a”i<"ﬂfbr. Su"f"f'eff 'd'am‘age.f Who»-lxe]’f e

”fﬁbu51nesses have sprung up to prov1de malntenance for

’Q m1crocomputers.7 Educatlonal organlzatlons usually choose, DN

ijt:one of the follow1ng malntenance optlons
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| Maintenance contracts. Like health insurance for
machines, these contracts guarantee that equipment will be -
'“:féﬁéiféa7ifﬁéhaﬁmﬁéh it{hreaksz” Equlpment‘owners bay pertvif:

“ri'machine annuai feesﬁto outSLde suppllers that prov1de thlS

' servlce,s

h?In;honse7maintenanceJoffice:'{éomefeducatronal r?:‘ﬁ;
':organlsatfons‘are‘large‘enoudh to hlre spec1almpersonnel
ghvand set up lnternai“offlces to. sermlce.thelr.edulpment |
vBrody (l9?5)‘offers some‘tlps;on how‘to:set_up aneffecthe*
1n—house maintenance program. | | sy
,iBuiit;infﬁaiﬁtenahcé.i Some klnds.of equlpment most
'1notably 1ntegratedilearnlngisystems-(ILSs) ) overx | |
fvmalntenance,costs_as'part of thelr purchase"or-leasejxhﬁ7llfu
pri¢e§1f» . L ‘ S e SR
'Repairféﬁd”méihténAnééfbuagét“ Stlll other school
‘ settlngs choose toxpay for‘repalr and replacement of
fequlpment needed by allocatlng portlons of thelr operatrng f
dbudgets for thlS purpose ' | | |
: Each of these methods has\lts problems and
‘hilimltatlonsfvand~debate contlnuesfomer mhrchtmethod‘orp;v g
fféombination bffméﬁhéds*ié_563£,ébsﬁéeffécﬁivé'£5r3anfi
‘.organlzatlon of a’grten 51ze wrth.a drven nnmber of

.computers and perlpherals

- ::,.\:5.7» i
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Secﬁrity Requirements

Microcompﬁters-and beripherals such as the disc drives
and printers’cah be very:portable, Security_isra separate,
but equally importént équibﬁent maintenanCevissue{ Loss of
equipment from vandalism and theft:ié a éommon problem in
schools. Again, several options are avaiiable té deal with
~this problem: | |

Monitoring.and alarm systems..’Soﬁé schools.install 
‘security systems for theif entire faciiities:or for areas
that house technology eéﬁipmént (Brody,,1§95). As with
home security systems, theée systems typicallyimonitor door
or window.openings,‘nbises and/or movemenf Within proteéted‘
areas. If any pfbblem is détectéd, the system
-aUtomatically‘sets off an alarm and notifies the monitorihg
Office which, in‘turn, calls the police and preafranged
contacts. |

| Security cabinets. - Spéciaily—designed cabinets are .
available thét enclose.whple microcomputer statiohs)
__alleing téachers to‘clqse'and‘loék'thembwhén notvin'use. .

vLéck—down'éYStéms. A Variety:ofvother‘méthods can
make_equipment lessveasy to mové,. The;e include aevices
£hat”éttach‘computers tb‘tables, aﬁdeirés fhét tie}
équipmént to furﬁiture of:floérs.
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\*.Asfwith’ﬁaiﬁienén¢éCstfétégiés;'éééh~ﬁé£hodlafﬂ
"lﬁprotectlng equlpnent’fton loss is’ less thannberfect and
'fi;each 1nvolves con51derable expense’f Dependlng on the
'.:problens encountered‘at ‘a spec1flc 51te and the‘methods dfb°
tselected for deallng w1th them, equlbmentTnalntenancefand»
fsecurlty arrangenents can.ea51ly take up a 81gn1f1cant
portlon of the technology budget V‘But‘no school shouldt;’n
leave securlty to chance : Everyone should startvw1th the., o
uassumptlon that unbrotected equlpment w1ll be stolen o
‘gvAlthough $¢Cur¥tYf¢§n’be aiSlgnlf;cﬁﬁtitechnology—related::'
,*eXpense, it‘isusuallycheabetnthan>reblacing‘stolen'orl?l
flluandallzed equlpment‘ L o | |

1V1ruses Causes, Preventlon and Cures

'dCOmpgter{&lfuses arecptogfams wtittenlspecifically tO;j
cause damage or do mischief to other programs or to
linformatiOnd(Hansenfand Kdltes)l9§2)}l.Like‘realluirusesr’;l
':lthese progtams can pass to" othet progtams‘they‘contact
"¥Conbuter vlruses‘candbe‘passed by connectlng one computer‘:
flhto another vla telecommunlcatlons or by 1nsert1ng the dlsé,_f’

,CQntalnlng:the Vlrus;nto_the‘computer,.some-v1rusesate"‘
b‘carrled,intola»coﬁputegesystengonb“frojanhorses,” or‘other‘
vattractiveprogramsfoStensiblydesignedrfOrianother,-v“k

A
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'fyproductlye phrpose but‘also‘carry 1nstruct1ens that.get
haround protectlon eodes (Léé}_1992) ‘Some v1rhses_arerfteﬁ
fe“worms,”yer‘programs des;gnea spec1f1caily to run w1th1n‘
fkat.the same tlme-as)iother pregrams, others are “loglc

J“fbombs”'that carry out destructlve acthltles at eertalh
bdates;orktimesh.uManyfdifferent“strains.ef viruses:plague’.‘
“computer‘systems;vandxmorehare‘berngvgenerated all the j
;tlme.e'Hansen andeoltes (1992) hypothe51ze that most
hav1rhses are wrltteh oat of curlos1ty.or as 1ntellectuai

{rrqhailenges‘ Less‘often, they seem te have been produced‘as'

:hfdeStructiyeverms=ofa§e;1trealfor,herSOnal‘protest or
Qrevéﬁgé;".ﬁéﬁévér}JMﬁagaféﬁaréibugh (l992),warn that thlS

‘latter‘krnd’of‘actlv1ty may be on the 1ncrease‘

The 1mpact ef a v1rus.eah take many forms 7-éomé.
hvirmses eatvthrough:data'stered_;n athmputer ¢ Others.y";VA

?:replicate'eepies,df'themselveslih;cempﬁter-memory andv'

.'destroy flles 'Still othersfpfint5m15ghiev0us_meSSages,Qr'tf"

,gycause unusual screen‘dlsplayS Ne?ﬁatféffWhétltheire e
“fpﬁrposes} Vlruéeélba#e;thetgeﬁgféi;éfféétﬁof{£yingtup‘;bj5.”r
 conputer resources, frustrating users and wasting valuable
Cine. Bven aftor & virus has been dotested and romoved

from hard drives, it can return if users do not diligently



‘:fexamine‘theiryﬁloppypdisCsﬁaspthey insertpthem:into theh;“ﬁ'

computer.

Slnce computer Vlruses are currently as w1despread and

as communlcable as the common cold and they can 1nterfere f§~

*w1th planned act1v1t1es nearly as much teachers and

"-:5schools must take precautlons agalnst contractlng these

- electronlc dlseases Dormady (1991) recommends=a-four+if

pp01nt programa of act1v1ties to‘mlnlmlze the 1mpact of

: ,v1ruses :

= Establlsh good practlces ﬁscan”systémsyandfdisCSjL};*h
d;:regularly for. 1nfectlons and forelgn,'suspicious‘software;ah

"'oAlways backup rmportantudata‘or;frles;'
“{fEnforce3safetyppoliciéé{fﬁbohnot alloW‘users towrun-”
illegal-copies,ofvsoftwareion'yourfcomputers , Allow only
ohauthorlzed programs to be placed on hard drlves
‘ste;Virus:detectionfprograms;ﬁﬁconsider“low—costhVirusuf.7
h'fdetectlon and removal programs as requlred purchases for

"t‘labs and workstatlons




Educate users. Train all personnel who store
- information on discs how to prevent, detect and remove

viruses and how to prevent their spread among computers.
Ethical and Legal Issues

In many ways, technology users represent the society
in a microcosm. The culture, language and problems of tne
iarger society emerge among technology nsers, and their
activities reflect many of the rules of conduct and values
of Society.in general. The same array of problems arise
when people try to‘work outside those values and rules.
Applications'of technology in education create two major
bkinds‘of ethical and legal issues that educatorsvshould be
prepared to address. They shouldvknow both the’causes'and

the implications of both problems.

CopYright infringements. Software packages are very much
like books. Like bookppublishers,ithe companies protect
their products against illegal copying under U.S. copyright
law. When microcomputer software became an industry, the
problem of illegal copying of discs, called software
piracy,ibecame widespread. Forester (1990) reported on

large-scale illegalocopying operations in some foreign
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countries that produce thousahdé of copies of best—sellihg
programs and sell them fbrvés little:as $10 each. vIllegal
copying has also become common among individUalS, |
.especially in education where teachers‘usually need
multiplé copies (e.g., for lab uses)ibut‘canﬁbt.afford per-
copy prices. Many school personnel are not awafe ofbléws'
profecting software copyrights‘or do not feei.the same
'gémpunctionbabout copjing software that they do about
making illegal copies of‘books or videos. Many educators
haﬁé not’clearly understood when copying is illegal and
when they are>pérmittedvto_makevCopieé (Becker, 1992).
Even when teachers clearly grasp these issues, their
students make illegal copies, and schools are legally

bresponsible for these infractions (Becker,'1992).

Software publishers inifially,responded to illegal
»copyihg by placing protection codesﬁwithin the software on
each disc. These quickly proved ineffective, as many
computer enthusiasts;set about bréaking these codes as an
éntertaining challenge. Subsequeﬁtly,‘SOftware producers‘
‘Qmitted such codes; put stern copyright warningé»on their

‘products and bégan to prosecute offenders.
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1 iilegalaAccess

,‘Another1ethicai?nrohlen‘has receiVed‘increaeing.l
’natdiie£§7iﬂ.£he7ﬁédiafiﬁrfeéeﬁtfyé555” comnutervneereildid'
‘galnlngllllegal accese“to.conpnterrzed 1nformatlon ' These~d:
"problems are often cia831f1ed as elther‘“conputer crlme”hor'df
.“hacklng,; althoudh the deflnltlone tend to overlap vinﬂn
the>usnalllmage;of;computer Criﬁek‘lnle1duals.ga1n 1lle§ai;“
'access to computerlzed records forllilrc1t nurposes from
‘_vwhlch they can proflt HSoftware nlracy andyacts of_ dd
.‘mlSChlef such. as v1ruses and destructlon ofbrnformationaaret'

faiso considered computer crime;r Hacking ie‘not‘iiiedal;in‘;
.[1tself but.when thls actlvrty tnrns toward ekpioringdwa§sﬁ
’,to 1nvade prlvately held 1nformatlon;d1t becomes%a-crine}f
ThlS can be an espec1aiiy eerlons problem rn educatron;t,
”51nce'students juet learnrnd”about the compnter can ea81ly
:éfdsg;overtthebllne betneen.harmless exoloratron and o

'pEdncators’:Qeneraljresponee’to these,probiems?Shouldt“
‘_tWoﬂforms;h:Firet,:they-mﬁst,keep‘theirhetUdéntédandkothers1dl

informed of rules and expectations for ethical and legal
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computervuse. Seoond, they must adhere to strict ruies of
cohduct themseives. This is not always easy to do, but
educators must remoﬁber tﬁat by'modeling_othical behatior
‘with oomputers, they impart in their studoots prinoiples
‘that‘are just ao important as skills in computér use. The
following additional(suggestiohs can help taachers deal

with specific ethical issues:

Stop illegal copying. One notedvauthority'on
copyright issoes for educational media has documanted many
pertinent copyright‘problems, laws, aod punishments, how
the problems came about ahd how to prevent them (Becker,
11992) . The Software Publishers Associatioh (1994) has also
developed a summary of guidelioes for software copying and
a video entitled Don’t Copy that Fioppy, both of which are
available uoon request. Technology-oriented teachers
should aoCept responsibility for obtaining and using these
materials to keep themsolves and others informed on this
important issue. As Beckerupoints out, educational
organizations would be Well—advisedbto protect themselves
against copyright infringement suits by stating and
publicizing a policy regarding software oopying, requiring

teacher ‘and staff training on the topic and maintaining
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hard drive and network programs'that discourage\users'from‘
makingvillegaiicopies. Schools should also consi@er
obtions for providing adequate numbers of.copies for their
users (e.g.) purchasing site licenses, lab packs or

networkable versions).

Restricting illegal access. Alfhough computer crime
poses a greeter threat‘in business and industry settings.
that in education, schools that maintain computer files on
students and staff must take‘steps to restrict illegal
aceess. Teachers should be sure te cover the tepics of

computer crime and ethical behavior and help students to

understand the implications of illegal- access.

Keeping Up—When Change Is The Only Constant

The literature reveals‘that most experts acknowledge
that technology invelvement can pose an intimidating
challenge ﬁnder the best of circumstances (Dyrli and
Kinnaman, 1994b). Many teachers feel threatened by this
challenge, for one reason, because it represents a journey
into the unknown. “Technology-induced feelings of

vulnerability can arise” (p.20). Technelogy’s well-

recognized pattern of rapid_change complicatee this
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problem. Just when_bne gets used to a machine or software
option, it changes and one has to learn another one. Some
educators hesitate to buy any Qne kind of computer because

they fear it will quickly become outdated (Jordahl, 1995).

Thefe‘are no‘eaSy answers to these problems.  Some
teachers willvhave'more trouble than others with this rapid
rate of change. Perhaps some people feél challenged and‘
~energized by new situations, while others strongly prefer
familiar things. Fof pianning burposeS/ howevef, both
kinds of people may benefit'ffom a recognition that somé
changes are inevitable and predictable and that many
changes will be good ones. Everyonevshould anticipate some

of the following predictable changes:

Interfaces will get friendlier, As computer systems
change, they are also getting increasingly easy to use.
The invention of the on-screen desktop was a major leap
forward in ease of use; and it will likely be around a long
time. This means that skills in using a desktop will
'probably transfer to whatever microcomputer one‘uses in the
future. Devices such as personal digital assistants (PDAs)
and voice recognition\inbut-devices will also become more

prevalent (Roybler, 1994).
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More-SQfEWare willibe»on-CD—ﬁOM; Médianfé?-étériﬁg o
; pfogféméland fileé are-gettiﬁg‘mofé_durabieVéndiréiiable;
‘CD—ROMSYrebrésenf Ehé‘latést_deveLOpment in‘thiéftréhd.
Roblyéfﬂ(19945 éudgestsbthaf wheneverpossibié £eéchersv
.éhould get microcomﬁutéﬁs}equibped WithCD;ROM-dfives and .

software in CD-ROM versions.

vDyrli ahd Kinnéman (1994b) séemrtovgiVe téachefs the best
édVice:.“@ . . embrace, (ao) not fear,'téchnbiogical
adVanée . . .{T}he earlief yéﬁ‘gét in t£e §amé,.the:béfte£
your positidn,will,be for téking édvantage Of;whét is to:"
come” (p.48); For many teéchers, the bad‘néws is that
'change‘is iﬁevitable; theﬂgood newsris.that the chaﬁges are
usually for the better.

| | | CHAPTER ‘THREE ‘

Method

~ The purpbse of thié~reseafch Wasth’iﬂvestigaté‘tWo manr
questions? (1) Hdw do téachérs perceiVe;intégrating
cémputers into‘their day—to;day»work? and (2) Whgtrfactors
enable 6r'impede coﬁputér‘integration-by;teathers? Inithe:
- study qﬁantitéﬁive‘dafa Weré-cglledtéd and_analyZed.

| bQuéhtitatiVé aataQéré ébilééfed.from afsﬁfVeY‘f;

administered tolglementary claserOm'teachersbffom a small
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suburban school in Léé Angelés County. The 7l-item survey
was disﬁributed to all elementary Eeachers in kindergarten
 through eighth gfade at the scﬁool. Parficipation was
voluntary and responsés:confidential. Descriptive
statistics from questionnaire items designed to measure
existing conditions of computer integration were used to
investigate the\questions “how do teaéheré perceive
integrating computers intb their day—tofday work?” and
“what factors enable or impede computer integration by
teachers?” |
Subjects

The subjects in the study were elementary school
teachers from kindergarten to eighth grade in a smali
suburban schbol in Los Angeles County. The school recently
implemented school;wide teéhﬁologynresoﬁrces and is
beginning to develop é technology‘plan. A copy of the
survey was placed in the mailboxes of the 36>teachers at

the school. Of this total, 27(75 percent) were returned.

Survey Instrument
The survey consisted of 71 items which measured aspects of
computer integration, facilitators and barriers and

integration characteristics as identified in the review of
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the related literature in Chapter 2. Responses to items
were primarily Likert—type ranges or multiple Choicer> See
Appendix A‘for the Complete questionnaire. The instrument
waszrevised,once,based:on COmments from various educators.
It waS'pretested using five elementary claesroom teachers.
A final revision reflected their comments.

The questionnaire contained multiple-choice itemS'to'
measure-perceptions‘of frequency of use, whether at home or
school and how often the computer is used during various
time periods; One.set of questions measured use for
specific tasks related to teaching. Responses used a four—
point‘range from “don’t use” to “use routinely.” The nine
tasks were based on literature of teaching, particularly
Reynolds~(l992) and from the questiOnnaire used by Rockman,
et al. (1992). In addition, subjects also indicated the .
importance of computer uee for each task‘with choices that
ranged from “not important”'to “esSential.” Respondents
also had an»opportunity to add “other” tasks to the list.

A set ofveight.questionSAWith a threefpoint Likert-
type ecale ranging from “not important” to “very importantf
measuredvreasons for using theacomputer; Items-wereb

developed based on previous studies (Hadley &
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Shelngold 1993; Rockman,‘ etal ._._-"('-"19"92,');.“ bA fill-in 1teml
was 1ncluded SO respondents could add “other” reason.
| vanedinetrumentalso.containedrtenjstatemente'about
’veffeote;of;oomputer-ueeton;teaohers;dWOrk.drsnbjéots_ohoee"
o fﬁoﬁfg fouerornt,rengetfronltétronglybdisegreef>to |

“strongly agree.”

‘_Elevenﬂitensfmedsnred.availebility ofnvarione’resourcesdandv
‘ten’meesuredfthe importance.of narroue.barriersg‘rResponSeS';
‘for ail_items:hadta fonrfoointkrende]fron;“nonefatod“high.”
',Resonroes-and_barriere inoindediwerefbéeedvon‘reeeerch in d‘
cOmonterfintegration?infednoation.

Table 2 -

QuestionnairevItems Méasuring ConditiQHSiof'COmpute:‘Integration

Computer Integratlon Indlcatlons . *,3r-'“ . Sﬁrvey:‘
' Conditions o S U . . ‘Number(s)

What -tasks . S -Plannlng/preparlng . ... 1-10
: ‘ B ;Research/lnformatlon N D B :
‘Marnaging- ‘ i

'Communlcatlon o
‘Reflectlon : S
i S B ‘Profe551onal growth N ] B
| How often used . = How often used. - ' . ‘oo 01
‘Where used 7. Whether used prlmarlly at schoolf,}~~,16r”
.. . ... -‘home or both - ' B T A
'Whenfusedf,-; ~;'difj‘Dur1ng school prep tlme S - ":t17420§".7'
. o . 'Before or after classes R A
' Evenings/weekends - '
»f.Vacatlon periods S o
' Request hardware/software . . 57-60
| Request staff development: o e
Help other. teachers-;u'
Partlclpate 1n technology plannlng

'vPartioiﬁetion‘ff

u:f7¥ff o




: Computer Integratlon ”indications. -

| Conditions -

Survef T

Number (s) o

| Why Used = “Can_ do thlngs faster

: Ly f,'fCan do things better - _
 Learn to do new things =
"vAccess information

'Essentlallty , "3VOverall and by task.

: fInfluence on work "More confldent, More' work
N : : ‘“fg‘More time with students'{»7
'f:Better ‘educator - :

fMore profeSSlonal More productlve o

vMore collaboratlon, More creatlve

lCollaborate/communlcate w1th peers"i‘:;‘ .
% o o1-10,12
30-39

T 2129

’j7fTable33ﬁe

' Questlonnalre Items MEasurlng Facllltators and Barrlers to Use,

“Facllltators/Barrlers ;f'Indlcatlons T “_ : fSurvey Number(s)

Computer/related staff "iAvallablllty/valuec;,j;dn48 54 62

development

J

| Hardware .. g‘.»»Avallabi;ity/valuej;., 14, 15,47, 64, 68

software . Availability/value 46,66,67

Onsite support - . - tAvailability/ualueu;V'f‘~51,61 vi”'ux”

fo.Time T; 'rf”':._tff E a‘}rAvailabilitY/vaiue EERNTAR 55,6351

| Administrative support . Perceptlons of support 49
o S ; ‘-f_;‘ ', for computer use . LT :
| Specific goals "~ .~ Awareness of specific 50
R P P ‘goals: for computer use °°

Coilabbratioﬁl77 G _Extent ‘to which ;«,viﬂ:52,53j.vlﬁ'

- teachers help one 3

e o . another with computers} RS

| Confidence =~ . PR Confldence 1n computer- 69
R o © o ability -

‘|'Relevance "~
SRR e "daily tasks i

'|'Experience with Computers Number of | yearS‘-.:_ 40
L e T experlence u51ng : '

. -computer -

"prproprlateness for - 70

ut.Expertisef.r:._ f‘,'”Vjp,"Perceptlons about o ;43445f’

~computer expertlse

:TeohnoIQQYQTraihing‘vf  Computer courses taken - 41
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Procedures

Daté Collectién

Datavcollection-was aécomplished wifh the éésistance
of the school’s Technology Director. I:obtéinedbpermission
to distribute‘the sﬁrveys.td the teachers'from the
Headmaster. Copies of thelsurvéy were deiiveféd to the
School.and‘the Technology Director placéd them in'the
teachers’ mailboxes. Attached to'éacﬁ survéy was a letter
explaining thé study andva réturn envélo?e. See Appendix A
- for a copy éf the covef letter. ‘The‘Headmaster fequested
that teachers feturn the surveyé té thQ'Téchnology Director

in the enVelope,provided,, Hevthen'forwarded them to me.

Data Analysis

S Frequencies were a primary method used to aﬁalyze
QuéntitatiVe'data analysis collected in the study.v
‘ Analyses includedvfrequeﬁcy distributions fof.respoﬁées to
items'measuring”pé:cepinhs,of computer integration and

facilitators and barriers.
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CHAPTER FOUR

Results

The purpose of this etudy was to explofe how elementary
teachers perceive the integration ofieomputers invtheir
dey—to—day‘work and what facilitates'and inhibits’them.
Results.include frequency distfibutiens,'which addrese the

research questions.
Frequency Results for Measures of Computer Integration

This study used a variety of indicatorsvto measure
differing perceptions of how elementary teachers are
integrating computers into»their day—to—day.work; The

following sections present these results.

- How Often Teachers Use Computers

- Teachers indicated their ffequency_of use by
responding fo‘the item,'“about how often do you currently
use e‘computer for anyrwork—related.activities?" Three—
fourths of the teachers responding to the‘Survey (75.4

percent) used the computer at least two to three times a
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week; less than a majority (45.1'percent) use it daily.

Table 4 shows the distribution of responses to the item.

Table 4

| Frequency of Computer Use
Frequency N (%)
Never 1 (5.6)
Less than once ‘a month 1 (5.6)
One to two times a month -1 (5.06)
Once a week S 4- (7.8)
Two to three times a week 8 (30.3)
Daily ' - 12(45.1)

Where Teachers‘Use Computgré

Only one teacher (5.6 pércent) reported thaf there was
no access to a computer at school, and 70.4 percent of the‘
subjécts'reported having a computer in the classroom; Most
(77.5 percent) élso had a compﬁter at home._ Of the 17
subjects who had a coxﬁpute»r at home, 16 indicated that they
'used their home compufer‘more than a computer at school for
.work’and 11 used the computer bothvat home and at school.

Table 5 shows the location of the computer more for work.

Table 5

Location of Computer Used More Often for Work
Response N (%)
At home 6 (23.2)
At school 8 (29.06)
Both at school and at home 11 (40.8)
Other 2  (4.9)
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When Teachers Use Coﬁputers

Mosfvof the subjects reportéd using'thevcomputer at
least stetimes during prep:time (76.6 pefcent), before or
after‘class (84.8'percen£), evening or weekends (59.4
 percent) aﬁd during vacaﬁion‘peinds (48.2 percent) .
Responsésvindicated that the most frequent use o% the
 computer was during prep time followed by before or after
class, evénings ér weekends and during vaCatianperiodé.'
Table 6 shows‘whéh sﬁbjects most.often,use thé computer_ih

order‘of'rangé from'“frequ@htly”(4)‘tov“never” (1),

Table 6
Frequehcies for When Subjects Use the Computer
N=27 : Never N(%) Rarely Sometimes Frequently
' . R N (%) N (%) N (%)
During»prep time 4 (15) 2 (8.5) 7 (25.9) 14 (50.7)
Before or after 4 (15) 3 (11.3) - _10(35.9) 13 (48.9)
class o o
Evenings and/or - 5 (18.6) 3 (11.3) 5(18.6) 11 (40.8)
weekends } ‘ , ‘ : o
During vacation ' 7 (25.9) 4 (15) 5 (18.6) .. 8_(29;6)"
‘| periods

For What Tasks Teachers Use Computers'
A majority of subjects indicated that they routinely'

-use}the computer to create instructional materials. The
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computef Was ﬁsed féflthis‘fgsk by the highest number of
3respondents; oﬁiy'tWo iﬁdiéated that they did not use the
computer for thisfacfivity.: |

Three Subjects added an “othér”‘activity to the nine
that were liStéd on the survey. These additional
activities included writing letters, using a muSicbwriting
" program and training others tovuse the computér. Some
responses, such as roll sheets, repo:t cards and |
presentations, were already.covered in the specified
activities. |

A majority of the subjects did not use the computer
fdr two of the tasks, interacting with colleagues (51.8
percent). and analyzihg the‘effeCtiveness of specific
lessons‘(62.9 percent). Table 7 shows‘the number and
percent of subjects usingvthe'computer_for each task by
frequency of uSé. Activities appear from highest (uée
routinely=45 to lowest (don’ t use=1) séére.

Table 7

Number and Percent of Subjects Using the Computer for Specified Tasks

‘Activity Don’t Use  Use Use Use

N=27 N (%) Rarely Occasionally Routinely
N (%) - N (%) N (%)

Create 2 (8.5) . 3(11.3) 8 (29.6) 14 (51.8)

instructional :

materials )

Perform ) . 5 (18.6) 4(14.2) 6 (22.2) 12(44.4)

administrative’

tasks
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Activity - Don’t Use Use ~ Use : Use

N=27 CoNO(9) Rarely : Occa51ona11y Routinely.
e o N (%) N (%) . N (%)
Develop units or 4 (14.2) 4(14.2) 9 (32.6) - 10¢(35.9)

lessons ) , . :

Gather information 6 (22.2) . 7(25.9) 9 (32.6) N 5 (18.6)
Monitor/assess 8. (29.6) 7(25,9) . 4 (14.2) - 8 (29.6)
student learning a Lo S S

' Continue '8 (29.6) - 5(18.6) 7 (25.9) 7 (25.9)
professional : ’ ' ‘ o :
growth : , ' : ‘ .
Present lessons 11(40.8) " 7(25.9) 5 (18.6) : 4 (14.2)
Interact with < 14 (51.8) 5(18.6) © -5 (18.6) 3 (11.3)
other teachers . o . S

Analyze ' o 17(62.9) . . 6(22.2) 2 (7.5) 2 (7.5)

effectiveness of
.specific lessons

‘Essentiality”of Compﬁters to‘Work’

When asked to rate how essentlal computers ‘were to
dtheir work, 48 6 percent of the subjects 1nd1cated that
"_they couldn t 1mag1ne d01ng thelr job w1thout a compoter,
at the other end of the scale, 7.5 percent said that they
'would do just as well w1thout one. 'jTable'é-shoWs how the

subjects.responded3to the SQrvey question;

hTable 8
overali ﬁssentiality_of Coﬁputer'f v
, ‘ — — i | g (%f
|1 I'd do just as wellvwithout it o o B 2 (7.5)
tTherepare a few thingssvaould,ﬁissh o S 2s(7.5)
There are several things I would.miss ‘ iO*(34.5)»
.I cah't rmagine doingdmy job Qithout it v v ;b ] :131248{6)
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- Respondentsdelso rate how essentialpthedcomputervwas.

:for specific»tésksy
for admlnlstratlve tasks by 40 8 percent of those

’respondlng (N—27)

~The Computer was rated as eSSential

Creatlng 1nstructlonal materlals .

recelved the second hlghest percent of essentlal ratlngs

(40.8 percent of 27~responses)

Table 9 shows how the

’subjects rated the 1mportance of the computer for the nlne,

specified tasks.

lowest . (not important)'

‘Tasks,appearjfrom highest

(essential)'to
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score.
Table 9
Essentiality of the Computer for Specified Tasks
Activity Not Somewhat Important Essential -
. Important Important » . P
N=27 N (%) N (%) N (%) N (%)
Create . o ' ‘ v N
instructional 2 (7;5) 4 (14.2). 10 (35.9) 11 (40.8)
materials I :
Perform . ‘ o : - _
administrative C4.(14.2) 3 (11.3): © 9 (32.6) 11 (40.8).
tasks ol - < L ’
Develop unlts OT R : R -
lessons. 4 (14.2) " 5(18.6)" 9 (32.6) ((32.6)
Gather o - . R ‘ o S
information = . 4 (14.2) .6 (22.2) ... 10 (35.9) 7 (25.9)
Continue w : L O B o
professional 5 (18.6) 6 (22.2) ¢ 8 (29.6) 8 (29.6)
growth - S I : '
Monitor, assess . - BT _
student learning = 6 (22.2) 6 (22.2) 7 (25.9) 8 (29.6)
Present lessons i+ - 0 oo R S ' ' '
‘ ‘ ' 7 (25.9) 7.(25.9) 8- (29.6). 4 (14.2)
Interact with e u - ’ E e
‘| colleagues ' 10 °(35.9) 6 (22.2) 6 (22.2) 5 (18.6)
'Analyze S ‘ v Lo ‘
. effectiveness of “14 (50.7) 5-(18.6) ‘5 (18.6) 3 (11.3)
specific lessons .- ) B
),




Subjects were also asked to indicate a single activity
they would‘fight,for if they were limited to only’one
computer écti&ity.v Of'the 27 who responded to the item,
the laréest'number listed word proéessin§ followed by
‘recordkeepiﬁ§4and'grading. Table 10 summarizes responses
to this,fillein-item.v‘

Table 10

What One Compufer Activity Subjects Would Fight to Keep

Activity . _ Number of Responses
Word Processing ‘
Recordkeeping, grading )
Developing materials, lessons
Internet access

Research

More computers
Miscellaneous (student use)

W =N O~

Why Teachers Use Computers

of thé eight reasons épecified for why they use a‘
computer in their work, fhe highést peréent of teachefs
(74.1 percent) rated‘“to'createimOre effective materials”
Qery impbrtant; A la;ge percent of teachers (70;4'percentf
also indiéated “to,saVé tiﬁé” was very important. Table 11
shows the nﬁmber and percént of responses for each rating.

Reasons‘appear in order from the highest (very important)

to lowest (not important).
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Table 11

o Importance of Reasons for U51ng the Computer

Reason - R ": j Not Important IVSomewhat T Very ,
L L S o Important = | Important -
»N.(%)z . N (%)”, _ - N (%)

I can create more - - ., : } : S

‘effective materials - -2 (7.5) . . . 5 (18.6) - - . 20 (74.1)

‘It saves time S e e s ‘
TR S 2708y 6 (22.2) 19 (70.4)
I can keep better track”_‘_dlf R L

| of student performance 7(25.9) 7 (25.9)y . .. 13 (48.9)

and records ; Lo e T

| I can use the Internet to = N SR VTS PR
‘access 1nformatlon and 9 (32:6) 0 7 (24.9) ¢ 11 (39.7) -

‘ideas: T L N : o B

It can help me do thlngs ] A o ) g N

I don’t currently know 9 (32.6) 12 (44.4) 6 (22.2)

how to do very well - =~ . . =~ . IR e

It helps me seek and find - o ‘ _ - Co
valuable info; matlon on- '13»(48.2) L 7.(25.9) 1 (25.9) o

| students & i i o bae e e T o

| T can communicate w1th L R : :
others regardless of -k::5'13‘(48,9)': S 8(29.6) S0 6 (22.2)

where they are ‘ L i ' g o o

' I get lots of ideas and S FE N o o R

_help from other teachers . 12 (44.4) . 11 (39.7) 4 (14.2)

Hoszeacherstdyocate Computer Usehr.,

A majorlty of teachers hadlln the past year requested
new-hardwaren(66 6 percent) and helped other teachers w1th
l,‘computerfrelated-problems.(62.9 percentX. A smaller percent .
had requested computer related staff development (44;4 ll
| perCent) and 40 8 percent had partlc1pated 1n the
lwdevelopment of a technology plan i Only 11. 3 percent belong

'toda computer related organlzatlon.v Table 12 presents the
'responses to questlonnalre ltems measurlng advocacy of

'compUter’use,
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 Table 12

'vAdvocatinngomputerlﬁse

'Type of Advocacy . lll B . d jvhf»’_ ' No. fﬂ1 S Yes:

: , N (%) N (%)
Requested new hardware or’ software from e O Co
school : : . 9 (33.3) 18 (66.6) ..
Helped other teachers use the computer e e s
10 (35.9) - 17 (62.9)
Requested addltlonal staff development : ' o o T
from school ' T SR -~ 15 (55.5) 12 (44.4)-

Part1c1pated in the development of a e e

| technology plan = : : o 16 (59.3): 11 (40.8).

] Belong to a computer organlzatlon’ L e T
' 24 (88.8) . 3 (11.3) .

'7'ComPUterdﬁseyand Teachers’

d’PerceptionSVof'TheirtOwnnworkp

Ten.guestlonnalre 1tems'measured varlous ways 1n‘whlchi

'u51ng‘the computerumlght 1nfluence teachersv‘perceptlons;of .
" their work.vtOVer One—thirdaOf‘the subjects (35 9 percent)
"strongly agreed with the statement “I am more productlve,”_'”

and.nearlylone—thlrd‘(32 6 percent) strongly agreedeithkw’w

the.statement-“l feel~more-profe581onal o Only ten percent;gg

_1nd1cated that they have more tlme w1th students,‘andvevenv'””"

*f,fewer (3vpercent)pcollaborate‘more wlth-other'teachersij:'
kv;Tableyl3fshowathetdistribution of responsesdto the
'questionnalre'itemsam Statements~appear'by‘score-fromn”

'highestvlstrongly:agree#4)'to lowest‘(strongly,disagree=1).

82



”r{{;iablé¥l3?t?;g£:ﬁjgﬁﬂt

7,egtnflteneepefxcemeuter_psefqﬁ_Teaehefs'fpereept;ene;oﬁ;The;eaéwn Work |

DiéagreévQ i{ :e,_ . th ::,'f'.;;"Agree »
‘;st;onleﬁfﬂheblsagree wj;'Agree;f-iy“~.strongly
N (%) N.(8) N (®) N (%)

| statement

"_profe551onal

‘f‘reﬁ,mere.pronCttﬁef“*3ﬁ(11 3)?‘:F;-3‘(11 3)_].;x11(40 8) 10 (35.9)

o I m more creatlve-'ﬂﬁ'4f(l4.2)tvv.:sﬂ(lSLS)i’Lgflzgi44;4)‘ht»6”(22t2)g

‘<I ma better t:;7hrfj5‘118‘6y:, 6 (22.2) 12 (44.4) . 4 (14.2)

- educator

|1 am better 1nformed_}4,(14 2yf>_l 8 (29.6) 10 (35.9) 5 (18.6)

| I'm more exc1ted :‘H]t6‘(22 2)fh‘h‘ 5‘(18;6),H. '10-(35:9)h ;,4i(i4;2)f'”

:V'about work

| My workload'has 5 (18.6) 11 (40.8) - 7 (25.9) 4 (14.2)
Hlncreased T R URE T P T B
I have more time =~ . ‘5 (18}6)tvf 14.(50.7) ,”'6'(22m2)_ 2 (7.5)

" l'with- students’fffﬁ"

|'T work more at home » é.(28.85e°3 »v10‘(35f9)th f5 (18;6) e 4}(14;2)"
| than even [ .o o T e e e
I collaborate more 8 (28.8) ° 13 (48.9) . 57(18.6) - 1(3)

~j:,w1th‘otherfteachers

Frequency Reeults'fotha01iitetors and Barrlers,ﬂ'
' _vtxebTeachers’ Computer Integratlon :

Z*>A&eiiable Reseﬁrcee'ﬁ

Spec1f1ed reeources‘were‘either moderately.or hlghly
“ﬁhevallable to a major1t§ of‘respondents except for the t
’jfe;lew1n§'three{_(i}vtelease.t;me,totobserte_examples(ié.;V

':::ﬁefeent”eithetFﬁodetetehbffhigh);’(Z)eE;ﬁaiL?ehdblhtethet 7
" access (32.8 percentelthermoderateor high). Access to
‘ hetdﬁarehehdﬂeeftwefe:Were‘theemote‘etaiieble resources

ew1th each modetately or hlghly acce551ble to 73 6 percent

-,of~respondents.  Table 14 llsts the access1blllty of

kfﬁfsé‘fff';~'




specified resources in order of score from high (4) to none

observe good
examples of computer
use by other
teachers

(1).
Table 14
Accessibility of Resources

Resource None Low - Moderate High

N (%) N (%) N (%) N (%)
Computer hardware -1 (3) 6 (22.2) 10 (35.9) (35.9)
Computer software 1 (3) 6 (22.2) 12 (44.4) (29.06)
School administrator 2 (7.5) 6 (22.2) . 9 (32.6) (35.9)
support '
Help with hardware 1 (3) 7 (25.9) 11 (40.8) (29.06)
or software problems
from other teachers
- Formal onsite 3 (11.3) 6 (22.2) 9 (32.6) (32.0)
technical assistance
Conversations among 2 (7.5) 10 (35.9) 10 (35.9) (18.6)
teachers about uses
of computers
Computer-related 2 (7.5) 10 (35.9) 8 (29.6) (22.2)
inservices '
Specified goals for =~ 4 (14.2) 7 (25.9) 10 (35.9) (22.2)
teacher computer use .
Opportunities to 4 (14.2) 11 (40.8) 7.(25.9) (18.6)
take voluntary
classes
E-mail and Internet 7 (25.9) 11 (40.8) 5(18.6) (14.2)
Access ‘ i
Release time to 13 (48.9) 9 (32.6) 3(11.3) (3.6)

Barriers to Computer Integration

The only barrier which a majority of respondents rated

as having either moderate or high importance was “too many

other responsibilities,” with 25.9 percent of respondents

rating it as moderately important and 32.6 percent rating
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its imbortance as high. The importance of not enough staff
development opportunities was rated as mbderate or high by
36.4 percent of those responding. Table 15’lists the
number and percent of responses for each potential barrier

listed by score from highest to lowest.

Table 15
Importance of Barriers to Computer Use
Barrier None Low Moderate High
N (%) N (%) N (%) N (%)
Too many other 4 (14.2) 7 (25.9) 7 (25.9) 9 (32.6)
responsibilities
Not enough staff 8 (29.6) 9 (32.6) 6 (22.2) 4 (14.2)
development '
opportunities
Hardware capacity 8 (29.6) 10 (35.9) -5 (18.6) 4 (14.2)
too limited '
No technical support 9 (32.6) 9 (32.6) 5 (18.6) 4 (14.2)
when I need it
Can’t get the right 10 (35.9) 8 (29.6) 5 (18.6) 4 (14.2)
kind of software
Software is too 9 (32.06) 10 (35.9) 5 (18.6) 2 (7.5)
complicated . , ‘
Can do my work as 11 (39.7) 8 (29.6) 5 (18.6) 3 (11.3)
well without
computer ) )
Few interested 10 (35.9) 12 (44.4) 5 (18.6) 2 (7.5)
teachers at school : .
No convenient access 14 (51.9) 6 (22.2) 3 (11.3) 4 (14.2)
to a computer : )
Not confident enough 12 (44.4) 8 (29.06) 4 (14.2) 3 (11.3)
Conclusions

The purpose of»this study was to expand the knowledge
base regarding how teachers perceive integrating computers
into their day—to—day’work and what factors facilitate or

impede their computer use. Limited prior research provides
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support that computer use improves teacher productivity
(Rockman, Pershing & Ware, 1992) and increases feeiings ef
professionalism and effectiveness (Wilson, Hamilton & Cyr,.
1994) . Advances in educational technology have expanded
notions'regarding the use of computers to support
performance, for example where humans and compefers work
together to»know and perform beyond what either could do
alone. The results of this study build en research and
contribute information and insights into teachers’ current
computer practices and the factors, whieh enable or impede
them;“
The subjects in this study reveal e picture of

teachers Whovgenerally are interested in using the computer
“and who already, at least to a certain extent, dovuse the
computer in certain conventional and high priority aspects
of their work. The results sﬁggest that teachers use
computere more than in the past,‘and they are interested in
learning new ways in which the computer can help them do
their work. Regardless of their frequency of computer use
and perceptions of their own computer expertise, the
subjects generally responded that it is impoftant for

teachers to use computers.
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The study has implications for the désign and delivery
of computer‘training. Lack of training has emerged as an
important barrier in most prior research onbcomputers in
education. bResults of this study indicate that training to
expand the'Cdmputef knowledge and skills of teachers
remains a critical iSsuef_ With increasingly complex
machines and more network aécess, training will certainly
be a necéssary resource to'encourage teachers to take
appropriate advantage of the resources the computer
provides.

The importance of the perception of relevance in this
study suggests that for training to succeed, teachers must
perceive it as rele?ant and applicable to their particular
situation. Another pntentially effective avenue to
facilitate computer use suggested by thé results is
providing release time to observe other teachers. The
teachers in this study who use the computer most frequently
and perceived themselves as having more expertise appear to
use the computer in a greater variety of ways. Effective
training might include a wider variety of potential uses.

Results that teachers are currently using the computer
to increase their productivity and to do tasks they already

know how to do are consistent with the vision of the
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computer as a productivity tool. If the desired outcome is
for teachers to use computers to transform their teaching
or to support their professional growth, there is work to
be done. Results of this study suggest additional research
questions to be investigated. For example, what type of
training do teachers need to expand their uses of computers
in their work, and what approach is most effective? As the
presence of facilitators and barriers changes, do teachers’
perceptions of their use of computers for work change?
These are among the questions that will provide insights
into ways that teachers might more fully utilize the
increasing intelligence of computers to support their

ongoing development as reflective, professional educators.
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APPENDIX A

COVER LETTER AND QUESTIONNAIRE
August,l999

Dear Elementary ClasSroom Teacher:

I am a graduate student in the California State University,
San Bernardino masters pfogram in education. I need your
help for a study I am conducting far my project that
investigates computer integration. The focus is on how yoﬁ
use computers in your work. The attached survey seeks your
opinions and experiences. Your responses will contribute
valuable information on what “computer integration” in
teachers’ work means and what enables or prevents teachers’
computer use. Your responses are valuable no matter how
much or how little you use the computer.

Please cbmplete the survey and return it to the Technology
Director in the envelope provided. He will forward it to
me. Should you have any questions, please call me at
(909)985-9332.

Sincerely,

Nancy Pitre-Jasko
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TEACHERS ! INTEGRA TION OF COMPU TERS IN THEIR WORK
~ Below are some tasks generally assoc1ated w1th teachers work. Please c1rcle the response that best descnbes

your computer use for each task and how 1mportant you c0n51der that use to be (c1rcle one for each 1tem in each
.. category). . . : :

Frequency of Use . | Importance of Use

Don’t  Use Use Use Not Somewhat _ S
Use  Rarely Occasionally Routinely Important Important Important Essential
: lDevelopumtsor | 2 34 1 2 3 4
lessons : S " ' k
2. Create 1 23 4 234
instructional : : ' o . S
materials
3.Gathee - 1 2 3 4 R ! 3 4
information o o . C :
4. Present lessons o 1 2 » 3 4 P 2. ) 3 L 4.
5. Perform 123 41 2 3 4
administrative tasks ' : o
6. Mohitor, assess 1 2 A;_ 3 ‘ 4 g 1 2 3 4
student learning S . :
7. Interact with 1 o2 3 T 3 4
colleagues ' o ‘
8. Analyzethe =~ 1 2 3 4 1 2 3 . 4

effectiveness of
specific lessons

9. Continue : 1 2 3 4 1 2 3 4
professional growth v : :

10. Other (Please 1 2 3 4 12 3 4
specify) . ‘

11. About. how often do you currently use a computer for any work-related act1v1t1es‘7

a. Never : d. Once a week
b. Less than once a month , ~_e. Two or three times a week |
¢ Once or twice amonth - . f Every day
12 Overall how essential is the computer to your work as a teacher?
a. I'd do just as well without it. . : _.___c. There are several thlngs I’d miss.
b. There are a few things I'd miss. : "~ d.Ican’t imagine doing my work without it.

13. If your computer use were limited to one activity, what would you fight for?

i
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14. Do you have access to a computer at school?
a. No
b. Yes, in my classroom
c. Not in my classroom, but accessible

15. Do you have a computer at home?

a. No

b Yes
16. Which computer do you use most often for your work? o .

__~ a. Atschool c. Both at school and at home

- b. Athome ‘ ©_ d. Other (Please specify)
I use the computer for work Never Rzirely Some:times‘ Frequently
17. During écheduled prep time. : \ " 1 - 2 . ; . 3 4
18. Before or affer classes.‘ ‘ | - 1 ‘ 2 3 4
19. Evenings and/or weekends. 1 2 3 4
20. During vacation periods. 1 2 | 3 4
Below are some reasons teachers might give for using cmﬁputers. Not Somewhat Vefy
Please indicate how important each reason is to you. ‘ : Important  Important Important
21. It saves time. ' 1 2 3
22. 1 can create more effective materials. . 1 2 3
23. It can help me do things I don't currently know how to do very well. 1 2 3
24. It helps me seek and find valuable information on students. 1 2 3
25. 1 can keep better track of student perfonnance and records. _ l ‘ 1 2 3
26. 1 can communicate and collaborate with others fegardless of where they are. 1 2 3
27. 1 can use the Internet to access information and ideas. 1 2 3
28. 1 get lots of ideas and help from other teachers. 1 2 3
29. Other (Iglease specify) 1 2 3

Below are some statements teachers might make regarding computers and their work.
Please circle the response that corresponds most closely with your opinion.

Strongly Strongly

Since I started using the computer Disagree Disagree Agree  Agree
30. 1 think I arn a better educator. ‘ ‘ 1 2 3 4
31. 1 am more productive. : 1 » 2 3 4
32. 1 have more time with my students. | 1 2 3 4
33. 1 feel more professional. ‘ . 1 2 3 . 4
34. 1 am generally better informed. 1 2 3 .4
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35. 1 find myself doing schoolwork at home more than ever. 1 2 3 ' v 4

36. 1 collaborate more with other teachers. 1 2 3 o 4
37. 1 find I am more excited about my work. 1 v 2 3 4
38. My workload has increased even more. 1 2 3 4
39. 1 find I am a more creative teacher. ' 1 2 3 4

40. For approximately how many years have you used a computer?

41. Approximately how many of each of the following have you taken?
a. University or college computer courses for credit
b. Required computer-related inservices.
c¢. Voluntary computer-related inservices.

42. Do you belong to any computer-related organizations or special interest groups?
a. No : . ' :
b. Yes

43. How would you rate your overall computer expertise?
Nonuser Novice Moderate Above Average Experienced

44. How would you rate your computer expertise cdmpared to that of the other teachers at your school?

I'm less experienced than most I'mabout the same _ I'm more experienced than most

45. How would you rate your computer expertise compared to that of your students
| I'm less experienced than most I'm about the ssme __ T'm more experienced than most
Please rate how accessible each of the following is to you at school and how valuable a coﬁtribution it has made

to your work (circle one for each item in each category)
. Accessibility ) Value

None Low  Moderate  High None Low Moderate High

46. Computer software 1 2 3 4 1 2 3 4
47. Computer hardware 12 3 4 1 2 3 4
48. Computer-related 1 2 3 4 1 2 3 4
district or school
inservices
49. School administrator 1 2 3 4 1 2 3 4
support '
50. Specified goals for 1 2 3 4 1. 2 3 4
teacher computer use :
in a School
Improvement (or
other) Plan
51. Formal onsite technical 1 2 3 4 1 2 3 4

assistance (such as a
technology coordinator
or specialist)
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LY 67 'l can’t get the rlght kmd of software for what I want to do

© Accessibility o Vale

S Hepfomother 1 2 3 4 1 2 3
teachers with software Sl el : » . i
or hardware problems ..~

53. Conversationsamong T2 34 2 3
. teachers-aboutuses. : = o - A : S :
ofcomputers

54, Opportumtles to take S v‘ L
, voluntary inservice =
-~ classes - '

55. Release timeto -~ 1
- observe good examples o i
of computer use by
: other teachers '

' '56 E-mall and Intemet ' f' ST
- -access : o

In the past year have you

,57 Requested new hardware or software from your department school or dlstrrct? a __"No

" Yes

_ Yes

58, Requested addltlonal staff’ development from your department school or d1str1ct? S : No -

» 59. Helped other teachers use the computer? B

Yes .

60. Part1c1pated in the development of atechnology plan? e : = v B No

: Yes‘.»

_ How much of a factor is each of the followmg in preventlng you
o from usmg the computer in your work" :

_61’ 1 can't get technlcal support when [ need 1t‘

»"62..'There arent enough staff development opportumtles s o v'f,"' 1 2 3 ,

E '.> 63. :l have o, many other respon51b111t1es to devote the t1me Ineed to -
SR learn more about new uses for the compute B ‘

. 64. 1 don't have convement access to a comp €L hen I need 1t

65 ,Few other teachers at my school are 1ntereste
. :about com 'uters

: 66‘.“_‘The software 1s too comphcated for me to- ﬁgure out on my own

68 The capacrty of the hardware avarlable to me is too hrmted R '"1'{'- : 2 3

69 l don't feel conﬁdent enough totrynew thmgs on the computer A‘ . B - v

370,1can domyworkJustaswellwlthoutacomputer '_< i o 1 T 2 ’ 3

7L Other(pleasespe01fy) _ ‘ L - RN W 2 3

None  Low. " Moderate

High
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