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ABSTRACT

computer education: the computer's potent1a1 for . develop1ng cognitive
skills and ways in which the differential participation of males and
females in computer experxences may lead_to 1nequ1tab1e outcomes. The
Assess;ng the Cognitive. Consequences _ of Computer Environments for
Learn;ng Project (ACCCEL) has identified several aspects of computer
environments which make it particularly cognitively demandxng- the ,
1nteract1veL complex, and challenging nature of the environment; the -
precise feedback of information; and the possibility for multxple-
solutions. In addition, higher cognitive skills can be fostered by
certain types of educational software and ccmmercial computer games
which lend themselves to student adaptat:on and creativity. However,
a gap exists between this educational promise of computers and the’

reality of their use in the classroom. A number of factors may

account for this gap, among them teachers' lack of awareness of

comguters potential for fostering cognitive skills, lack of

appropriate curriculum materials, and the restricfion of computers to

programming and logic courses. This gap in turn contributes to the :

potential for inequitable outcomes: Females are poorly represented in

computer courses in high schools and colleges, a fact which is

attributed to both content and process of computer instruction.._

Equitable outcomes will be enhanced if. teachers tailor instruction to

the needs of the¢ learner; guiding expiorat on of the computer for

femaie students. (LP)
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Comput&rs play an

.

increasingly central - role " in our
+ + socie@tv. Lack of proficiency in using computers and lack of
‘ e o .

R . Mnowledge about their capabilities can 'oe a barrier to par-

ticipation in many technologically riéh fields as well as
for secliring jobs in many intellectually and financially

rewarding caréers. Complut&r learning environments also have .
. ° < ) . | - .

. the potential for enhancing many types of cognitive skills
. that are rarely encountered in othef learning situations.

. ., Y
The .well-documented differential participation of rales
and females in compluter learning environments could lead to

corresponding differences in cognitive attainments  and
carser access. In order to reverse this potential trend ‘the
eare == g | it R o v
e quality of computér educztion must be improved, especially

to ensure that learning environments are tailored to differ-
. efces among individuals. Mest immediately, steps must be - -

taken to ensure squitablé participation of males ahd females L
N . . , .

in these environments.
. S S N L T, o
This article describes thHe Ways in wWhich conputer \
. L . ) - - . - Ve \

. environments for learning have ths potential for fostering
5 - . N .
coonitive ‘8kills for all students. It also characterizes

the g4ap between the potential of computers in education and{

=

the reality of th&ir WSe in classrooms, documents  differen-— :

i

tisi  participation of mzles and +Females in computer |

ERIC
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erperiences,; describes two studies of how malesg and females,

‘respond fd'-tdﬁhdté? %earnlnq environmentss &and squEStsg

?u*ur? actlons/to Foster equltable . outcomes from Ebﬁhdté?

; :
) . .

learnlng epv;ronmehts; . : p

Eote ntial of Computer Learning Environments

T

6F

=t

BEEéFiﬁé“BE&ﬁitivg Sk:ill

The Assessing, the Cognitive Consejuences of Computer’

EhVinﬁﬁéhts ?6? Léé?ﬁiﬁg ééEEEéF)'beiéEf'jBiﬁEi?IEBﬁéﬁEEéa

by fHé’LawFéhtélﬁélf of QEiéﬁEé at ﬁﬁé University 6?. Eéli:r
?6?5;& “;E Berkeley and EﬁéiﬁéF West Laboratory in San Fran- |
cisca is E\émlnzng the potential of computer environments
for ¥6§E5Fiﬁ§;E6§6iEiVé aaaéngéaaiéacf Thi& Nafional Insti-
;EdEé of Educatzon %dﬁaéa proJect.;as beﬁdﬁ to ‘iaéﬁfify. the
specific feafures of the computer learning enJ:ronment which

2

foster higher , coqnltzve skilis:

; .

Computer programming activities certainty have the
potantial for +6§Eé?iﬁ§ probflem s6iving skills such as.those
emphasized in several  Fecent FéaaFgg Wwhi€h have called

attention to the deplorabie state o+,sc1éﬁéé and mathematias

EdUCELlDU in the United States today. - The report of- the .

NéEiBﬁét’EBEEiééiéﬁ 655E£Eéiiéﬁéé in Education., "A Nation at

Risk" states a pr9551nq need . for é&dE%EiBﬁéi re+orm to -

5

.create a "learning society”: Similariy
Board in a report entitlied "Educating Amgricans for the 2ist
Century® has called -for the “new basics" or the thinking
: o L P o :

skills reguired to cope with rafid technological and scien-



tific - advances. Eoth reports emphasize the .need For

instruction which fosters problem solving; preparzs learners

to deal with naturally occurring problems,; and éﬁtduia@éS’

students to think critically. .Computér learning enviran-

ments have the potential for imparting some of these impor-

-

tant higher E%Qﬁiti?é skills. Equitable access to instruc-—

‘tion which fosters such skills is; thus; clearly essential.

U 3
Computer Learning Environments J\Q

A

The AéCCEtrﬁfbﬁétt has identified six ?éaiu?és’ of the

) . -,

computer learning environment which make it particularly

cognitively demanding. First,; the environment 1is interac-—

‘tive:. The computer can respond, quickly and informatively to

repairs for errors 'in their programs and obtain immediate

responses from the computer. In contrast; it . often takes

days or weeks to get responses to _homework. Second; the.
computer can provide precise feedback e.g. information about

where the problem Solver has gone wrong: This preciseness is

.-

° P

4 7 )
Thus: learners: are trgated’

response from the computer every time they give the same

is complex.. The computer éﬁVinhhéﬁt can strain the" b?ﬁz
-, : : : P i
L4

cessing capacity of the learner. Fifth, computers can pro-—

A

vide learners with problems which have multiple splutions.
° : ~ ; N

-

Thus,:  stodents  can: write several programs to do thne same

r . - *
: [
)

5

reprodutibie; providing the same response to -all” learners. .

equally, receiving the samg

imout: Fourth: the environment for learning computer skills

};"’

LY
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task and compare the effectiveness of their programs.

byl

Sinth, the “ccﬁpuﬁgr environment is challenmging. Computer .

@arning environments can motivaté the learnér to solwve conm-
- .

ju—y

plex problems whHich might otHerwis® oe omittsd from the cur-

’

riculum.

Chain of Cognitive Consequedces -

o — . ey e ‘7 PR . ‘ L
When the six features of computer learning environments

g ' . 1 -
- ,”,‘,” . o L e 7’ s . .
Bre used fully, -the computer environment can eventually

.. foster higher cognttive skills. Initially, students learn

the ‘basic elements in a computer éhgi?bhméh#;:j§héh they
learn procedures, ;df_caabihimg those elements to solve prob-
lems. In so doing they have the potential of caghitiﬁé gaih}
THe ACECEL prodect seeks to identify the ghain of coritive
consequences hecessary to achieve higher cognitive skills.

<.
.

For example,; the programming environment i1is probably
one of the most cognitively demanding computer learning
shviFonments cuFrently available. When &tudents learn to

program they léaFH’fhé basic elements such as the language
fextures of the syStéa and . they iéérh pragéaures for
creatively .tbmbi;fhg; tHose language features:intd a plan
wH;tﬁ bétbﬁésighgii prograim. ihmgaaitioh: Qﬁéﬁ ihdiviﬁuais‘

devise plans for programs, iHESbitaHly tHOSE Hlans.sre iHcdim-
plete or inaccurate. Students also learn procedires for
troubl= ;Hdﬁtihg;“_whi:h- involves ‘diagnosing. the problems
with their proér;;g_and devising solutions to those prob-

lems: Elearly,. program planning and trouble shootirg are

.



J ' gﬁ_‘ ) . . ! . . 7;
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iher cognitive skills which make programming demanding.

'ﬂ

Y
P ‘ . . st

Tth chaln of cognltlve consequences from the programmlng

. environment irncludes the language features as well. as thase
o - o T N .

higher cognitive skills. ™ -~ ;

. / .

Higher cogritive skills can also be fostered Eyﬂcertaih
types of educatichéi gaifﬁéré. §e¢éhtiy,é,%éw pieces of edu-
cational software have béeh developed NHfCH emﬁﬁééiée plan—

ning &nd trouble shooting. These. pleces of software have

elements analogous to certain langudge featurs®s in program-— .

3 ~

ming wHich must . be combined in a plan to solve a prohlem.

.

As in programming, tHe plan is often . faulty and must be

debligged. One éxémpié of suchH software is Rocky's Boots
' . 7

from the Learnlng Company. 1In Rocky s Hogts the basic sle-

1

ments are logic gates: AND gates, OR g

™
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shape and color sensbrs in order to build & machire. The

. : - e o S o o
i'i':aCl"j_ii"ié examines a series jD"F; objects, identifies those . which

¢

should be “kicked" By égg&gfé gégg, kicks the shapes it
idehti%ies and earns pciﬁteg Students need to build machines
which will Eicﬁ the correct shapes. Wﬁéh.fﬁéy succead, they
get . the maximum amount cf'ﬁbihig ;ﬁa Rocky, & raccoon, comes
cﬁt and dances to reward them. As éauCétichéi softwars

which requlree plannlnq and debuaelna bUCh as . Ree# g <§g§£§

5Ecomeg' available, ‘the pthﬁtlél of the computer learning

. : - - N
snvironment to '%”été' hidher cognitive skills will be
srhancsd. ;e

Students must combine the logic gates and &attach them to

y

81
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Entertalnment SOftware and educatlbnat game sot; wakn

w - : -3
éécﬁ have the potentIai r fosté?iﬁa Eaéﬁitzve slziis[.s!\jgér‘r~

tions. ﬁlthouuh much of thIS software emphasxhes prrmar:iyx_
eye—hand tdordinatlon; some *-may ”oster p;ghEK Vgogqxtxve ;
skill:  Since females aré: 1dss likely than males to use

entertainment and game sbﬁﬁwé?é‘_ﬁﬁéy may '6 ften -miss the

-

‘opportunity  to develop,’ skills from computer Jearning
. 5env1ronmenfs which could '’ farm ey IiﬁL in the Eﬁéiﬁ‘afi,ééaﬁi—
‘ : . 1 - 9 \ » l .
i tiVE CUﬁSEdUEﬁCESZ . ;yﬁf . ' -

For mapy of these computer games, stndents dxscovnr or

develop problem s@lving procedures. Current books an

Gt

- , - - L - . i . U R
’ cles describe Howgto plan solutions for games such as *Facman - ,ji
. ~ . R . » N . -
: #

or Jumpdan (eig. Ahl % Staples, 1984). .Expert players of .

o games such as §g g Invaders can often provide éﬁEéﬁ%ngL .

déécriptidﬁé of théir procedures. v . /_. C -~

plarns - are acqguired by trial and earror; by. * 2

\gipert players; by .reading descriptions and by .
concaptual ana1y515 of the game. The process of discovering

. i B - 771777 i e
a plan for a ccmple% prcblem is a higher CDgnIttvP skill

’ |

characteristic of problem solving which can . be 7§ééﬁ as &

link in - the chain of cognitive consequences derived from

‘N -
LG .

computeér environments for learning.

One ex pla of StCh a plan comes from obsprvtnh use of

! L -
s . . . . >
———

Q ¢ ’ : o 8 - 2
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‘S=a Dragon. In Sea Dragod, the¥plaver guides a ship through-
. - v ] ; . !
. \ - : Do - - -
a maze-like colrse and shoots at a varisty .of targetE* If

the ' ship e‘theﬁ'-hlts the wall of the maze or dgts hit by

’

JFQjECtlleS 1t return= to an earlier pBing in the maz@ ahd
repeats tnat segmentr- Uhe étUdéht‘ §1nq Sea Qpagee 1n1—
) . T R R

t1a11 . tried the cbvious plan of going .as far as he could

5
. - ’
', R o ~ " - |

rnto the maze; but his scare was very.low. He oEserved that.

hié'StdFE in 'thé ?é"t ?éw minutes ‘Wéé —prouorflonately
hlgher than hlS scere after he had played %or a whli - The

- Jr_q',

o

:tudejt developed a plan: ﬁe want almdst te the flrstw bék—;‘

rler 1n the game and then h1t theéﬁail on purpose S0 that he

‘ L]

Y ;

,thrqugh~ one seqment agaln and agalng the studeht,géihéd a -
A ’

igh r scnre than any of his ?rlends.;; :
' : & T . )
] . o . v
N S N SN A S L L
Besides developing plans ‘which _helpg them win games,

*gtuaéﬁts, using caaﬁutéfg may change the game or test the

- . v

-limits of the computer. ‘AR eﬁémbié “ of how etudEht4 .can «

a._-; . % : . -

change a game occurred u51ng the Laernne Hall of Science

so*tware entltled Nhat s-in Your . Luneh? THis: educatlonal.

actlv;ty astsé vr51tofs tq indicate. the food that they ate:

- ’ . T . b
fﬁ} lunch and tells them aboilt the calories,. ‘vitamins,
'mlnerais, _+ and protein -they consumed. Many: teenagers,
Interactizg)w;th What's in Your L Lun&h? have invented a game
— - ) . '77 o ) 75 ,i, ‘

which eould be called "Fig Out." The object of the aame is
€6 enter a lunch with ‘the most calori@s and with -the least
food  values —Tﬁésg.stuaéﬁts;chghgéitﬁétiéaéﬁihg éhvgrsnmént
by geing bevand the iﬁ;c?maéféh,givéa.¢ L |
: N IR .
R . ’ . e . . . . | N

- Coe - IR o'

1z

)
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An exampfe of testing the limits of - the ‘Bavircnment - .

occuFred with @ Recky's Boots.  Ins Rockw's Eaats: Rocky the

raccoon comes out to ‘dance ‘when stldents bui 1d successful
maChiheé." Tﬁig seems to bore many .students. One student .
tiried plcl1ng RocFy up with the cursor. Thls; wdﬁbed. The

.~

’ T
student then went and got the hnl?e used for cutting wires

o

~
v

e : ;e apart im. Focﬁﬁ s Bootg_and useﬁ the Lnlfe to- "Lill Rocky."

‘-

' Another :tudent. chagrrned that iocly would™net stay o?f—,,

screen after be1ng moved aNay by - the cursorgibut rather

e .« oA

. FetQFHed tg dance a?tei the.Heﬁt machine was constructed,;
tFied uﬁgurcé55$u1£y tg ;hlde" Rocky many rooms . away. é;'
problng’tme llmxts of the game students gaihed uhdéfStaﬁaiﬁg

_:w, of‘the program whlch controis the game. Theé game deﬁelogér,

“Parren Rdbinette, ‘was surprlsed that students attempted to

- . -

pick up Rocky. He could not;. at flrst, predict. hqw the pro-
. gram ,waaia' Féebbﬁag éiéaﬁly indicaking that students were

i going Béyaaa the 11m1ts eHVLSIOQSd foi~ the game.

L . .

S AT
.- trre ch in of cognitive coﬂeecuences resui*xng +rom computer
No- . % .
eﬁViFonmenté for learning: Succees?ul etudénte discover
T e . ..

l.n |

plans. for using entehtalnment l1ike competer tashks which go

peyond the iﬁ{éwmatxon given: These Pkans involve comb1n:ng,

. Al

, known elements of. the game in new and -innovative ways. Stu-
B R . . ' ‘ . . .
dents appear to ﬁieEBVeF plans for 'so1v15g " these problems

¢ msing = EF&ress sxmliar to that required to discover plans_
s

‘while n:lng gzomktry proofs. ar ﬁétg?éiiy' occurring .prob-

J

. lems. ® . C T .

\
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Students who develop  plans .for [ compluter games . 150

.could .poténtially learn something aboiit the nature of -com-

4 . . .

paters and the natuwe of the prograﬁs written to. guldr com-
. \

pqtersj‘ For example;? ihn=1den@1¥y{ng pecullarltléé of

S N S P '

. ;Eoftware like the ability to pick up Recky with the . cursar, .

. '
S e e S T e T
stud::nts srecognize the structure of (the underlying program
. amd may redlize that progréms can.have Featires. which' are
: s - o : -

et made explicit in the ins tructlons.f

.

%tﬁdents who aéVéiaé EﬁéiF own plans for ga@és -alsg
: ’ \

cise nature of the Computer ltearning environment and change.

. __ L 4 il __ =
* i it to suit g#eir own Interests. Thas; students leagn that

. - »
; '

;;6ah¢EéF§ are potentially iagéreaiiﬁg éVéﬁ-uﬁéﬁ vthe

. /- : R
’  task they are Feﬁ&i?éa ®o do on- tHgiFomputer may Sseem dull

‘e >

1 ' o

] ﬁﬁBEHéF effect ofﬁlnteractxun with compu#er; entertain=
R
meRE ag}lvztnes concerns' the opportunltv to gain self
- L ‘ - : L4 .

students develop new plans-for using computer
tend to get praise or admiration from their

.

esteem. When

games, . they
[ . peers: In-addition;_they e"peFiéhEé bUCCESS in getting a

high ’SFDFQ or solviﬁé.é part:cular puzzle: This experience

e .
. .may cartrlbute to their asseqsment of their own competence
- ’l "

S it g
: Sin working in a Computer learning env1r0nment. ‘The develop-

i E -m=nt of this competence may well generalize ' tb dthé? L com=
: . B s

- ..

- putnr lnarning enVIronmePks 5+ é morn academic nature.
73 . .- : ” : .
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leplications for Froblem Solvind
; ~ 3
‘Although there is littles evidence that students acquire

problem solving skills in one environment which they cap use

for other problems (e.g. Linngj in press);  thé& complter

environment may iltimately help foster general problem solv=
» - s P . . - Y

ing.skillg~Tirst,; the computer environment -provides many

Aties to dé&éldh_ and test hiaﬁs. The interactive

opportu

natlire of comp§ter learning allows.students to quickly dis=
cover whether M\their plans.work. In contrast, many school
. . ’ . / : )

environments are slow to inform students abou® the accuracy
‘ 2 3 i

of their plans. Second; the computer environment provides

precise information which may help students wmodify and

improve their plafdsw The exact effect of 'a given plan can

be observed and may, provide clues about which chacges :would

make it work more effectively: Third,; the compluter environ-
o . . b ’ - . > .

" ment provides multiple opportunities to develop plans .in

different subject matter areas: The experience of discover-

co. "7(:77777 77777 R o 77777.7
matter, environmants may witimately contribute to a more gen-

eral onderstanding of ptanning: Repeated experiences ‘and -

' .

practice with planning may help students separate generatl

- - .
-

planning procedures from problem specific procedures: |

Vs ..4:,.,,777,,,777,,7 . s _ T e o . o o -
o ‘Ressarchers refer to general problem solving skills as

mefa-reasoming skills: These dre. skills which guide iden-

- . '

’
1

ti:ication of plans Por solving .problems. The ';bﬁbﬂféF
< .l . B . <
ernwironment, ailows stuééﬁ§§ to devise plans for a range of

‘ 3
N . | : : _
. . T . . .

jna pians for soiving probiems in mapy di¥ferent subject
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probiems; thereby &llowing students. to develop and test

ﬁeté'Feééaﬁiﬁé 'éﬁiiié; ~ Ome Fééeﬁﬁ that students rarely

L

appear to develop meta- reasonyé/ may be that it is d]fflcult

.to separate the subJect-ma@ter dependent aspect from the
/o~ .

subJect—matter 1ndependent aspect'ftiﬁﬁ; in press). Bv prac-

‘ticing in many ;' com ater 1earn1 eBViFBnments' studehte may
- , - .

ann these skills: - If eNperIence in these EHViFdhﬁthe is
M i R ° Z

inequitabiy distributed, those who participate may be better

prepared for subsequent IearnIng in computer env1ronments.

‘'

The | g between PromISe and Reality in
: /

Comguter tearnlng EnVIronments

Stein, 19847, Tﬁi gap

-FaeteFiﬁé HiéFeF cognltlve sl11is and of achxev1ng equltable-

outcomes fro these env1ronments.‘ Aithough ‘even some infor-

mai computer IearnIng experiences Eéﬁ potentlallv foster -

higher cognitive ekiii as described above, many_stﬁdehts

S ¢

either fail to gaIQ exposure to(tﬁe%e env1ronment5‘ dé ,?éilf

»

to benefit from thems:: To 'increase the ef{ectlx nEss o?

classroom computer learning proqrams, thig Qab must be rmar-—

hEre are a number of reasons for the gap betwsen prom=

ISe and reaittv in’ Ciassroom computer learning. thinhmehtP

s
. -

First, Feéeéféﬁeﬁé and educators have not yet 1oent1¥1ed the

. " , i - e i 1 3 . . - - . .
o . : [ A
-G . i B i » )

L "N
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a1

; :
.full potertial of thg computer, for fostering cognitive—-
skills. Second, curriculum materials have not  been
‘developed to take full advantage even of the identified

potential af thHe computer:- Third, curriculum materiails

) : A N

which. foster cognitive skills t&nd +o be in the subject .
. . RN . . o B

matter area of programming, or logic, rather then, say, his-

tory or biology. ?burtﬁ, due to lack of effective curricu-
lar materials, many teachers ﬁﬁst aéveiép_their own  activi-
ties with few resources and limited support from their dis-—
f%icté.l Ei%tﬁ, €§écHér‘ prdiéssichéi development programs
have either not been aévéidpéa oF Have riot been effectively
utilized in preparifg teachers for ihtd?p&raténg cdmpgiéﬁé
in  their Srdgrémé. ‘Siuth, researchers and fducators have
nat ful'ly identified hHow computer learrning experiences can
be tailored to the needs of a diverse student body.

The gap between the potential of computers in education

-

and tHe reality of their use is compounded by a lack of

!

#

school-based planning for computér education (Linn % Fisier,:

1983 . Flanning for compltér education can be frustrating,

given the problems méht%dhéd above. -égme districts' choose

to Follow & “"buy fow, plan later" approach, deplmying lim-

ited resources primarily for hardware, neglecting planning,

v

softwara, .and +eacher professional developmefit. As argued
‘slsewhers., allocating rescurces to planning may ultimakely

. ’
’ Sl

result .in siubstantial/ benefit to schools (Linn % Fisher.

1983). Unfortunately/ the limited available rescurces for

computer 'édMCétibP/ sometimes force schools +to cuortail

.t . /
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necessary activities .such as planning in order to make

minimum hardware purchases.
As a  result of. thHig dgituation, few- computer-based
. . . /A -

courses ‘effectively foster®the higher cognitive skills which
_ < L

cowld be taught. For example, much programming instruction-

teaches thHe larguage features but riot the planning required

to put tHose featiures together. AltHough a few  students

§'éufdﬁdeU§iy; tHe remainder

—

learn Highéﬁ cognitive skil

probably fail to gain thHese &kills if tHey are not

_ - ;‘;‘, _ _ ‘, o .n
emphasized in instriuction.
. o

The gap between promise and reality in computer educa-
tion contributes to thHe potential %pr inequitable outcomes

Felatively few &Students are served effec-

b

because only

tively. BGood teaching can potentially benefit the least

prepared étua§h£§ more Eﬁéh.dfﬁéké. Furthermore, stludents

with iiﬁitédrﬁkévidU§ experience with computers and interest

in ca%ﬁuiér,&éé are more likely Ec étiémp£ ‘and complete a
7

Well-taught class than a poorly talght class.
Farticipation of Males and Fémales in
Compiter Learning Environnents

7
More males than females participate in computer lesrn-

. o . s . = o Py ) .
ing environments. Flurthermore, femaies_ are .poorly

represented in courses which have the greatest potential for
highsr codnitive &kill development. In California, femalks
a :

e

comprise 42% of tHe S1,481 participants ir high schook
i M .

' L3 A

'
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instruction which involves computers; when they da partici-

.

Thus s females participate more freduently in courses’' which

are. less likely to foster higher cognitive skills.

The participation of males and females in informal com-

puter iééFﬁiHQ‘environments is éirﬁiié?iy Sie:ewed;/, Only 2&%

-

Lawrence Hall of Science over the last three years were

females: Females comprised only 19% of the sﬁudEﬁtf in

‘Intermediate BASIC campared to 3T4% of the studerts in an

introductory gourse called "Micros fér Micros:" The situa-

tion at computer camps, acceording to Hess and Muira (1983),
echoes that found at the Lawrence Hall of 'Séfehce: - about
30% of the students enroliing in the computer camps are

more likely to purchase computers for males than for females

and to spend more money on computer purchases for male chil-—

dren than for female children.

K}

The trend continues through college, females are less
: : . .
likelv to earn degrees in computer sciehce than are males:
in 1981 females earned I2.5% of the bachelor's degrees and
: j

»

23% of the masters’ degrees in computer sciences (Vetter,
1$8%). At the University -of California at  Berkeley

currently. aboot 3I7Y% Jof the compuber science majors are
females. Thus, female participation at the college level in

¢ Yo

ry v
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cognitively ‘demanding - computer ~learning  environments
corresponds to participation at lower grade levels.

Inequitable participation in computer learning - environ-

ments by sociw—-egonomic status (SES) is also evident in sur— -
vey data: Schools of low SES which are predominantly. wHite

b -

are about half as likely as high SES schools to Have micro- :

computers (Becker, 1983). Similarly, Schodls with predom-

inantly wminority populations are about h&lf as likely to

have computers as:are predominantly whHit& High SES Schools.

Low SES and minority schools, thus, offer l1e¥s participation -

in computer learning environments. Fresumably "the pattern . i

of differential participation between males and females. con-
tinues to prevall in these ehvironments, \meaning that 1low
SES women are very  unlikely to get exposure to computer

learning environments. R o ' ' o

It is evident that -the inequitable participation in

‘computer learning environments hHas the potential of increas—
- . T LW T

ing the  individual differences among children.  Students

exposed to computer learning environments Have the opportun-

s

ity of gaining higher cognitive skills not available to ' <

their peers. - ‘

e

 Three conseguences of inequitable participation in com--
puter learnirg environments deserve mantion. First, socie-
tal productivity may be hampered becauses indiriduals are not

triained to their full potential. Employses may be forced to

hire under-qualified workers because the most talented =~ !
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students were not trained: Second; "individual satisfaction .

may be curta:led because thPntIal job-related , success and

?inancxal benefits are not ?ch1eved. Careers’ in tcmputar—

Feiate d fields: tend tos have hl?h salaries (Vetter,; 198%) and

. S - . . T -
Scan offer profeSSIQnal satzsfactlch: . Lack of equitable

“ r

aéééFViﬁé Vlearners; Third; ”Ehé? UﬁdEFFEpFESEhtatidh of

'femaies in compdEéF -related flelds, may iAhibit the  influ-

, ence of the.female merspective described 59 Gilligan (198%).
Thlﬁ perspect1ve cauld pctentlally respond to concerns 'tﬁéf

compater envikonments dehuman1ne society. ¢

s . .. -

Factors contributing to differential

: artiMpation in computer learning environménts / _
* ; . - }_ — : . ; ~
. . B . / e . )

H%EéEEééés to explain the differential participation of

I

.

- . ' - - .
males and females in computer learning environments -
o o ) . - L. - St ot .
emphasiz2 both  content and pro&dgss: features; Content
features include  the reliance on mathematics and science— "
] . . . cL
. [ [ . v . L. o e N o _ »
related information in mugh computer software and the use of B
R , ' S , L
violent themes in many computer games. Precess features
e o . T
* inclade the precige, interactive nature.of the environment. -
. .
Content features )
Q
Much has been written about How the content features of
computer 'environments discourage participation of females

(e.g. Lockheed and Frakt, in ‘pressy Sﬁeihgcia; kane and
Endraweit; 1983). For examglg, Lepper % Malone (198Z) have

_ o - .
1 . - - ~ 0 .
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shown that, the violent themes of many =ntertaxnment—crlented
. ' { " b
computer ééﬁéé tend to appeal tc4males’mcre than fémalé%; /i 4
o J

rEompnter companies tarqet their advert1=1ng gth méieg' (WHU'

ter1~1nq computlng as a male domain. Lepper (1n pres 88) mrotes

. that mathematlts cand - science content characterlze much of

the éVéiiéBié éauééEiBHéi scftware;:'SihEé scientific prob-
’ B

- lem soivxn; is percelved as a male doma1n%;1t may not be an i
. i
' DbJECthE ‘of females to master that env1ronment In addi-

tion, soczetal expectations tEﬁd td encourage méiéé blut rot’

females to marticipate in scientific activities. \ yoos
Eﬁéﬁéiﬁé the content features of a computer le n1ng-
,envlronﬁéﬁt . can influence . participation.. Fc~ example,

Burger (1982) inveéiiéated the effect of science content

Y  versus art content ‘on the part1c1pat10n of m les a id females

in computer Igarnnng. He compared ‘SbftWéré WHichH taught :

contrciilng variables .using sc1ent1f1c content to %7 ware

-which ‘taught contrclllrg variables using értiéfit -:bhtéht;

‘Both programs emphasized the same. fundamental cwncept. He

found that males were ﬁu&h more 11Lely than féméles to

interact w1th the SC?EHtlTlC Lantent proqram but *hat males

éﬁa femaies were equaiiy likely to 1nteract w1th thE 'éftié—

Y

- tic content program: When participation U%, maieg ard

females was equal, the cognitive outcomes for the groups did
not differ: ‘

_Thus; the content features of some computer environ-= - , .




; 'Eﬁpcegg foatures’ ‘

Higher CDintIVE sillls of plann1ng and trouble shooting as
4
1

CIn SDIVIHG mechanics pnoblems in phy51C’ for example, ore

‘1
\ : [

BhanQInq contéwt ¥eatures can help. at times;;such changes

-

w111 1n¥1uence the nature of the outcome. For Eﬂampié, ih‘

. B
)

the Burger (1982) study, if students needed to learn the:

-

variables in the scientific condition; male ‘would have an

ﬁ"lﬂ\

advantaqe ‘ot remed1ed by changlng the sub;ec mattér 'th—'

tent . of the program (e:g: Llnn, 1983) . Changlre the ‘content °

by

features of a computer enV1ronment may rnot be su+¥xc1ent,;tb

]
lm

achieve equitable parti¢ipatibh\%¥ males and femal;

s

The Assessing the Cognitive Consequences for Computer
Environments for Learning Froject has condicted two studies

, . P TP . S, R
eXamining the processes. which characterl e  responses: of

males = and females tg cognitively demanding programming=like’

software. Mandinach ‘\and C8rno (1984) . have studied the °

[

- Wumpus task. Burbiles and Reese C1983) have studied the-

Rocky's Boots task. I ' e :

i . ) .. ~
ThEéé studies ii"i\?dldéd environments which i"éi:ii.lii"é the

described above, and thus, take advantage of :the pbtéhfia

codnitive conseq4ences from Q;mputer learning. These

Ly

env1ronments reguire problem éleihg cprocesses common 1N

other types of %Ciéhti¥ic‘prdbiém solving. - Students must

learn-a fairly constraint-laden éyétém and’ then manipul ate

the’ ianguage- featiires’ of tHe systém to solve t}o.problemb;

T T e e e
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learns some concepts; some formualas for combining those con-

cepts; and then one is required to plan combinatiggs of the

concepts in order to solve complex problems (e.g. Larkin,

2]

McDermott; Simon, and Simon;1981). Some computer .learning

environments have importamt similarities with scientific
) v t - .

problem solving environments. As mentioned . above; it is

»

precisely the close resemblance of these learning environ-

s . +

. ments to mathematics and science ?PBBiéﬁ' solving ‘environ- S
- ments that may contribute to the lack of participation of

females. : . A

' -

Wumpus is a computer based strateay game-: in Wumpus the -;.

Y

problem solver searches through twenty rooms each connected

“to three other rooms: There are multiple paths to each .room.

- N

The player must locate the room which has the, Wumpus in it

and-shoot the Wumpus with gn arrow. If the player enters a
b room with the Wumpus in it or With a pit in it, the player
will be killed: If the player enters a room with bats in it *

-

receives hints about the:adjacent rgoms: If there is a pit
in any adjacent room the hint is "I feel a draft.m If there:
****** £ is Y1 hear flap= : ,

- -~

- are bats ., in any adjacent rooms the hint

ping." 1# there is a Wumpus within two rooms of the room

e the Hhint is "I smell a Wampus." The.player must travel from

here is enough informa-

-~

room to room picking up hints until €




assigned to @it

tion to figure out where the Wumpus is: Them the player cam
try to shoot the Wumpus With an arrow. Wumpe- s a game oOf

both strategy and iuck; Even the best éEkatééy does not.

always preve t the player from b51ng killed: -Scmetimes the

_Eééf"strategy is to enter a room even thaugh it might have

‘Eaté in it. ﬁt other tlmeg the best(strategy is  to gather

mor e ihfcrmétich. SUCCES§¥UI Wumpus players need to combine
— A3 - - ) . K

cadkion with a willingness to take risks.® At the beginning

"

Fisk in order ‘'to gain more information. . At that pa1nt a
judicious risk is the best gtrétéay; Learne} ho suﬁceed
at the game dlscover when they should take riskss and when

’

tﬁéy‘éﬁduia gather more .information. Learners who ;éle

unnecessary risks  tend to get Killed in the early parts ag'

-

the game. Those wWho are ewxtremely cautious, tend to make

redundant moves. At least in some implementations, & sto-

" dent_could éﬁay alive by moving back and forth between two

“

safe rooms almast forever.
- o
Irt the Wuaspus study, 48 (24 male and 24 female)
* ° : L
volunteer junior High studehts participated.in four instruc-—

tional sessions and then received post-tests: Students were
3 . ;, ° ) N
her an activation tondition or a modeling

condition. In both conditions, students were encouraged to
record the tooms they visited to reduce the.memory load
needed to keep .track of what ‘was going on. In the activation

condition, a&a. discovéry IEahn%aE mode prew311 ed: Studente
A 3 . .

game caution is.important: After the game has been:

played) for a while, it may,sometimes bs necessary to take v

3

&

T

4




Aruitoxt provided by Eic:

o '.Q -l - ;7.  7$" q

intéracted with Wumpus with little intervention from the

T e S O il C e o
#perimenter: In the modeling condition, students were diven
[

tious; to considér whether known' risks ought to be taken,

and to seek 'éiEékha%iveJ'sciuticns; The students were

encouraged to find énatherjpagh rétherfihaﬁ exploring rooms -

e - ¢ R ;,, . I o 1 . _ _
which_ might have bats or pits. As will be ~cl&ar below,
," . ) ' . ~ N
éifﬁéﬁéﬁ' Eﬁééé Instr;gifdﬁs, were. Heip#ul; thers ‘are driiw-
. A N Y. . ’

“backs.-in éﬁEBUFagihg “aution wlthout alsou encouraglng BEU=-

-
. .

,,,,, *r

FUN L .. _ _ . I
dents to - take necessary'riﬁﬁs; The Qg@ggg;gtuay included

careful observation of processes studenis used to ° interact

with the computer, Feccrdihq D§ VErbaiiéétiéhé, recording of
_students predxctlons concerning the success of their next
,,,,, - : - N
move, and admlnlstratlon 04 attrlbutlon measur TThe study

S

is reported In greater detail in Mandinachk afd Corno iigéi;f
S SN , . : , :
- ) -

ckz § Boots

‘

The Rocky's ggggg study 1nvolved the part1c1pat10n 04 7
Véidﬁﬁééf juniar high ‘aged students i S AD-minute, sessidns

with Rocky's Buots: Since having students talk about ' their

- .
’

[ S e o . o o - . . .
‘problem’ [solving while solvirg problems: terds 'to create an

iﬁ%é?ﬁéiiéﬁ overload for the problem solver,; studénts wé'F’

. \

observed ; and Eﬁéﬁ,.é%keﬂ - to comment on the;r performance.
L Y

Blefore students trzed out machines for eHample, they were

> . . - .

asPed to predict whether Eﬁé méthinéfwéuid wor k ahd to com=-

[\ .~ .

ment on’ the processes - that they used for - é =truct1nq the _

e . .
’ - . Y

machine:  This. was an.exploratory studyi: Verbal proteocals

explicit ins structionc: . Students were encouraged to be cau- .

>

v

A

b 4
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~  performance oFf individual students: Results from the study
- " v . “

» - .« are indicative of trends ‘but cannot be viewed as statisti-

[ cally significant since there were only four male and three

1cipants: . - » <L L
| : Q

14

IS R
female part

RN - : .

\ Y e o T
) 5 ; . Fouwr consistent differences in the processes used by
- . ' - ¢ M .

N - L __ L S o .
) males ' and ; females emerged imn these two studies. Each of
. . . g . ‘.
. : A |

: these differences could be attributed to the previously

} documerrted diffzrential. experience in computer learning )
: M . : . R ) K :i. Vs .
;- .environments \hetween males and females.

. ) <A . B

~ C ' . )
. B . 2

P — e .

Boing Beyond the Information Biven e

-

B . - | :
3 .. e R — [ R O - - PO - - o R
//.,_ . Boys were more likely than girls, whan participaging in
2 R L
these computer learning -environmerts, to go beyond the
. . - - S — -«

3 a . - Ed -

* 7 information givem in the learning envirounment.. as described

'ésévé;'ﬂéEdaéﬁié usimg Rocky's Boots had a tendency to pick

up Rocky and carry him around. Boys were fiir more likely 7 .
R ,;1,,4m,i¢,,;”,,,,wQﬂ S . SRR ) :
* than girl's o do beyond the information given in picking up -,

- '

- .
- g——
i

: 7 Focky éﬁa.iﬁ testing ogther limits of the Rocky’'s Eobis game.

: For #example; bays were more likely than girls to experiment
H : .

with stopping and starting the machines or with ‘saking
. . ’ ’ : B -

o8

WD US 5 ﬁéiéé»&é?é.éié6 mo-e likely than females to

yond the iﬁ¥§?ﬁé£i§ﬁ“§iééﬁ; as illustrated by response
, i : ) : T o
modeling‘condjtion:. Females imprdwed in -  response to
- 4 .- ’ - N "

o 'l s ___= [ S e o
> the modeling czondition for the first three sessions and then
“ ) ' - ] ) - ) . .
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P
el R IR R S [ A B
performed considerably less well -in- the Fo??th_ session.

4

: %
'_F%ﬁéiéé’ decline in performﬁpce in the fourth Fessxon can te

\
"\

spec1F1rally attrlbut ed to their Increasiﬁa tendency to make

FéadﬁaéﬁE moves rather than to take neifssary 1rlsks.
Females appeared to be E&ﬁé&iéﬁEiéﬁéin\/4§i15Wiﬁ§ the

instructiqgs  €o procesd with caation b&\ggking redundant.

moves. In ‘contrast,; the males seemed to be: able. to go

_ A _._ R " R L
beyond the information in tfie modeling instructions- and to

assume necessary risks at approprlete times’. »
: ' ;
Students who go beyond the 1nformat10n glven ‘tearn why:
Eﬁé rales work, if 1ﬁaééa the rules do worl. - It seems rea—

. sonable to assume that 1nd1v1dual§ need to have some under -

. : \

standing: .of the learning énV1ronment before they are ready

to go beydnd the 1nformat10n;;§i"ﬁ; These differential
responses  to Wumpus may reflect previous differential

Vperiences w1th other constraint-laden learning environ-

ments. Ultfmately in constrmlnt laden .environments; it is

necessary to take Fisks in order to find out ﬁﬁéE is going

on. _ Females may be less wllllng to take risks than males
(e:g: de Benedictis, Delucchi, Harris, tiﬁﬁ;téﬁa  Stage, in

fffffff S

. . ' . H
i

their own success and faxlure in compurer learnlnq environ-—

..

ments: In Rocky's EBEQQ; " males were mcre likely than

’ °

females to accarately predtct whefhek their machines would . -
_ - . .

RSy RN LI ST PR Y JERS T Ol et le ok

Males are more FééiiéEiE_ than *females _in 'EFEBiEETﬁé B

.
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p s . wark after they had constructed .thERQD Furthérmcré.
S :. - . ‘ f

males ¥aIled to make accurate predlctlons abolit the succé§§

when

or failure of theIr mach:nes, they tended to be optlmlstlc;

Males tendeaito predrct %Bat the1r machlnes would worP WHEﬁ

. n*

-

in ¥act'tﬁeir machines did not WBFL In contrest,,'WHéh- .
females -¥§iiéa’;E6{ é&EﬁFéEéiy hrédict whether or ot their E
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) tended to predIct- that théxﬂ“machznes would Hot work. In

respondlhg to Rockx s Boot s, emales were far more likély,”-

o . o . .

) .tth males ;to ﬁéfé ¢erbal Eaﬁﬁeﬁte, su&h ‘as "I'm stupid, I -
don t undenstand this ;% or "I dont HnOW‘anythihg-ébcut.csﬁr-44;‘

. - - Lo . e

Ty

;puters;"i;ii”"neVQr, bek'éEieﬂ to J do this," or "TlCéh't db

" this:" Thusi females were Iess accurate in predlctlng the1r _
. ' AR ’ S
* &liccess 1in -the envircnment 'éﬁa'iﬁ general ; xpected,that ' :

" they would not do very weli: EBoth the lack of accuracy and
: . LA i ’ 'i' : B ) '

— - L _ .

ales in the Rocky s Boots

*-H -

‘the . pessimism on the part of |
R

environment may reflect lack of

- =

emperlence w1th thls sort of ‘

&n .environmant. . , : ' e . ' o
_ ; . . ' . . . « . .
t "o X .
ER A ) - - T - ' .
SIn Wumpuws, ~similar resuité were found. Ebygjwaré mdre TR
. SV 7 B o : .

RN
. . . W
_ -

S realistic than girls . in - pre icting success in the gam
? - - . hd hd - .

Sinty—-four percent of .the time

“ ob/

S o ~

/

oys accurately prédictéafthe,
; ,outcome of their,ééﬁévc6£5éré8: o fifty-thieé percent Gf the
" time for girlss - Eon51§t55t with the ?ihdihdé for QQEEQ;§:

3 ' *

o
.

o

. ) e U
- &getg;. girls were inaccurate
A ST . -

- e perceﬁt c?IEHe tiﬁe; WHéFééé bgys were 1naccurate and ;pes—'
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. and betvieen seven and ten per-ent o+ tHEé time each group wWas
unable to predict the outcome of the game.

Females were less slccessful on Wumpus and they, in
general,; had less previous experienceé with environments
similar to Wumpus. Thius, males’ more realistic expectations
about their sluccess and faillre in both Wumpus and Rocky's
Boots may well reflect dreater experience with tHEs& Sorts

of environments.

Attributions of Success and Failure

In making attributions foF success and failure in com-—

g"of their own role in the situation than do girls, Boys

.

[ N
3l

are ‘more likely to attribute success and failure to the
presence of lack of an appropriate strategqy for the problem,
while girls are more likely to attribiité success and failure

to their own ability. In Rocky's Eoots, boys ~wera more

tikely than girls to explain the specific reasons whv the

machine had failed and to attribite the failure of. the

of competerce. .

In Wuampus; questionnaire responses and observations of

attributibon patterns were available. Eoth boys and girls

responded to a questionnaire about their. attributions of

‘- success and failwre in computer learning experiesnces. 0On
. . _

RS

¢




the guestionnaire, boys were more likely than gqirls to
Fttribute slccess or failure to using a- ‘good" strategy

Wwhile girls attributed success and failure to general abil-

ity and to task difficulty. While playing Wumpus, forty

percent of the boys and only eighteen percent of the girls

made attribltions abolit = their success. Boys demonstrated

.

their increased understanding of the environment by attri-

_ buting their success first to task difficulty and then to

kS

strategy. In contrast, girld attributed most of their suc-—
cess’ to luck and failed to consider the role of strategy.
Task difficulty' is certainly a component of Iuck, however,

girls tended to lump task difficlulty and other components of

luck together,; while boys differentiated these features of

 the situation. ' ' _ N

[y .
.

A

Thus, in attributions for success
- .

ind failure in com—

puter. learning environments, boys seem to seek explanations
for their performance while glrls seem to seek excuses.
I o ,W”b, P - . 2 i
This situation could stem from boys greater experience with

computer learning environments and other &Similar ‘environ-

Heip seeking
S

Girls were more likely than boys to seek help in " com-

puter learning environments. - In Wumpus, and in Rgekvy's

Hoots: the girls were mors likely than the bovs to ask the

experimenters for assistance and to ask for. approval of

their actions. Differentiali: help ~seeking could reflect

- - \ //K .;' ' '-:\,238



.

] . -
differential experience with the computér learning environ-
ment (girls may need more help). It could also reflect dif-
ferential expectations ébéﬁt the Ehdwiédgé level of the
experimenters. Ferhaps girls are more iiﬁéiy-fﬁéh boYs to

elieve that é;périméhtéré and other people in positions of
e F v

o

althority have information which they can use.

In summary, a Vé?iéﬁy of evidence concerning the

processes used by males and females in computer env1ronments
. .

suggests that females are earlier anthe learnlng curve, as

a group, than males. OF course, these group differences are

" hot characteristic of each individual male and. female. In

both the Rocky's. Boots and the Wumpus study; there viere

eiiceptional females who scored :as well as or better than all

the males. As a group.however, females used processes which
reflected less experience and 1ess facility in inteéracting
With the environment.

Conelusions

The inequitable participation of males and females in

céﬁﬁUté% learning environments may well contribute to dif-
ferential achievement of the problem solving skills which
have been iébéiéa'thé "new bééitéﬁ by the National Science
Board when callln? for reform ih -ﬁathéﬁatics 'aﬁd: science
education. |

Differential participation of males and females in sven
Felatively cognitively - undemanding l&arning environments
siich as compiiter entertainment games  can  potentially

.
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contribute to differential response in other environments.

Females may be dissuaded from participation in entertainment

2nt features of many computer ééﬁéé'uhépbéaiing; Di f feren-—

'l

tial response to fﬁé‘ééﬁEéﬁE of computer entertainment games

may contribute to differential success in .cognitively

demanding computer tearning environﬁ}nts because these games

may foster skills which become pert of the chain 35 cogni- .
nts.

tive consequences from computer leaning environme
nitively demanding. computer learning "environments such as
v

Rocky's BEoots w=nd programming have the potential to foster

higher EogﬁiEivé skills: Females may come to these environ-

ments with .less relevant experience than males and may,

therefore; require more effective instruction to benefit
equailys | , o
- R -

All. students benefit ‘frcm e#%égtive 'iﬁstruCtich;
Femaies may have é’greater opportunity than males of bene-

fiting from effective instruction #n computer learning
. ® -

environments because they are  more likely to need and to

seek help. Females may rnieed more instiruction abhout how to

¥

take advantage of these environments. Otherwise they may

Q o N
~continue to make excuses rather than to seek explanations,

and to follow the instructions rather -than to %est the lim-

its of the environment. Thus; equity in computeér learning
can be enhanced by narrowing the ggpibétweeh the promise of

‘

computers in educatign and the - reality of their use in

classrooms. - I :

Cog—

L4
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RN
Sifce males .and femalés do respuond differentlv to com-
. v L ' ) . . : . _ .
puter ‘learning &nvironments, equitable outcomes for the
, _ -

1 be enhanced if teachers tailor instructioh to thHe

—

senes wi
needs of each learner. Females more than males may respond

to explicit instruction. As noted for Wumpus, Hhowever,
females appear to be more likely than males to follow
* . - - - : - . .

instricticns completely-—even when follpwingw the " instruc=

tions becomes Cbuhtéf:h?6q9CtiVé= Thus, explicit instrucrs
tions muét; be carefully designed. ;Alté?HéEiVélyg since -
females lack h?é§idusrié§béFiéHCé with caﬁhutéf iéé?hihg

enviFonments, they may bensfit from guided égﬁzaFatiaﬁ.aHLCH
encourages them to ékﬁé%faéhé with going béybﬁé the ih?p?ﬁéi
tion Eiyéﬁ rather than from explicit iHSt%utéidﬁ. Research

‘is needed to clarify how best to tailor computer' learning

'enviroﬁme:§§.to the needs of males and females.

3
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