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Cognitive Effects of Video Games: Guest Editor’s Introduction

Video Games as Cultural Artifacts

PATRICIA M. GREENFIELD
University of California, Los Angeles

Everyday cognition (Rogoff & Lave, 1984) refers to the cognitive processes that
are used in real-world situations, as opposed to the psychological laboratory.
Everyday cognition is embedded in a particular social and cultural setting. Al-
though psychologists often think of cognition as being something that goes on
inside the head of an isolated individual, cognitive processes most often depend
on interaction either with other people (e.g., Cole & Traupmann, 1981; Gauvain,
1993; Greenfield, 1984b; Rogoff, 1990; Wood, Bruner, & Ross, 1976) or with
cultural artifacts (Gauvain, 1993; Greenfield, 1984a; Lave, 1988; Saxe, 1991;
Scribner & Cole, 1981). The study of the cognitive processes elicited or stimu-
lated by video games is the study of one particular example of everyday cogni-
tion that depends upon interaction with one particular class of cultural artifact:
the action video game (Greenfield, 1983; Greenfield, 1984a; Greenfield, 1993;
Turkle, 1984).

Often a cultural artifact will embody a particular symbol system, the use of
which involves its own sort of representational competence. Representational
competence (a term coined by Sigel & Cocking, 1977) is concerned with the
means, modes, and modalities by which we take in, transform, and transmit
information. Bruner (1965, 1966) developed a theory of three modes of represen-
tation and their role in development. In essence, this was a theory of the develop-
ment of representational competence. The three modes of representation were the
enactive, the iconic, and the symbolic. The essence of representation is a rela-
tionship between signifier and signified. In enactive representation, motor action
serves as a signifier; in iconic representation, an analogue image serves as the
signifier; and in symbolic representation, an arbitrary sign such as a word serves
as the signifier.

For each mode, according to Bruner, there are amplifiers. An amplifier is a
cultural artifact that expands the range of motor, sensory, or thinking processes
associated with a particular mode of representation. With his studies of the
cultivation of mental skills through the symbolic forms of film, Salomon (1979)
was the first to apply this notion to the audiovisual media.

I would like to thank Sandra Calvert for carefully and insightfully reviewing all of the manu-
scripts in this section.
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1563.




GREENFIELD

A major theme of :
the studies th
artifacts that both d at follow is that vj
P euld 06 bp MMMHW on and moﬁ_ov the maoz_.o<~__wmﬁv games 5
i ey o aspect of iconic Rvamnzsac?o“o of 55;» ¢
group, the studies by mccn:::; n&SS..cwsv
anyg o
nyam apq 9”,?95

(1994), Okagaki and Frensch (1994)

show that video gam i s el i ;
dynamic R_..-Rmomsz.msnv%n“_ Ence,end expertse require mﬂﬁ:ﬂ:. o4 Lobr ﬂ:za
(1994), computer games E%Mﬂn. e Oan::m_%é_ow g cf_
ot m.oss to use and develop m_:.:. Ou.ss.cz_.. cq” sc
B, ol Enve (1504 .a inally, the study by Greenfj S using the i, al
on the attentional skill V. S <.a_a_a. e v
ills required to process the quickly Sw,m” SAA oxvo:.”__da..
g multipe _.sss
e

ima i :
fmmmo that constitute the visual stimuli of action vid
0 games n . 1600
context ommmom_-&nwaﬁwm_wnwiwo&\ putticilan symbol mwmmﬁwﬂmwns
ivity with inst » they d
w_»u.oaaa by Leont’ev (1981), mavsmmiomw“s.:no:m feedback. >nw_.\<:o S0 in 4
ity in cognitive developme ; e importance of goal-dj Y theory
volved in video gam —n .aNES::. 1993). The goal-di “directed ag,
and may well cmw RMw . Mo:ms._w T vovc_mLM.o Sl oty
- el Moh or :a:. power in exercising and m:.:w 9\_.305. 1981)
s ﬁm. ﬂ the articles in this special issue ulating cognitiye
3 activity has content )
form are inde f X as well as form. In princi
practice :oswm.aawﬂ a_ﬂnzm_osm of video games, as of Mdznn_ﬂ_m, content anq
S moﬁ.n e <_o_2:. nature of much video game Wa Hﬁ.:.ﬂ. medium, [p
sy oﬂﬂas.a as it has c.og in the older medium oN:_w :.mm been an
Sl <<==E=m.o o_ effects of video game violence on soci m nsm_o_.ﬂ (eg.,
o o vm:_.nz_mn_v\zw 987) and attitudes is an area that QmSm_Ma =i
; , ecause of the increasi . s much mo
<EM0 Sxtiongucliias, Mo Komba reasingly graphic violence in vovEM
owever, the articles in thi io
’ this section d i
games as interacti cal with the cognitiv i
<3557 o ““nuw.v\a.cw_ systems and not with Bommon_.mw Mm,osm of video
: inciple, the iti ects of thei
dent of any parti ple, the cognitive effects of vi CIE
y particular content. Th ; s of video games are ind
s sl ke d i . Therefore, in reading th g Indepen-
. ep in mind that th g the articles that follow,
obtained from : the same cognitive eff b the
games with simil - e effects should generall
of three-dimensi ilar symbolic design fi generally be
Ire sional space) but dissimi gn features (e.g., representati
cognitive effects of acti ut dissimilar content. I by i
; action video . In practice, however, th
matic content. In f: games may not be ; , the
! . In fac \ totally i
interactive relation b t, the findings as a whole are s 4 _.anvn:%:_ iyt
and cognitive skil etween violent video game c eSS oneetiy an
Video mmEom_ | building. ontent, gender, game mastery,
as a cultural o
portanc al or co, i
games e because of their nature a gnitive artifact have tremendous social i
are their introducti s a mass medium. F g Jug
of the diffusion of vj 1on to the world of ¢ ki e e
B i ico games, | omputer technology. As a
on Nintendo S, in December of g n example
game sets in the U.S of 1991 there were more than
S.,re :
presenting 34% of all homes. In

DITOR'S JNTRODUCTION 5

n worth of sales (of which
f Nintendo game players
ace (Berkhemer Kline
f market penetration,
dual children to be-
1991; Provenzo,

GUESTE

deo game industry had $4.4 billio
million). The primary age range 0
h 12- to 17-year-olds in second pl
cations, 1992). With this degree O
¢ beyond a relationship with indivi
dolescent culture in the U.S. (Kinder,

1991, the home Vi
Nintendo had $3.5
is 6 to 11 years, wit
Golin/Harris Communi
the video game has gon
come a part of child and a

1991).
The se
artifacts tha
cultural instru
different kinds
varying adult ski
Sutton-Smith, 19
future in which com

technological world.
“from a WO

mes are cultural
Ils; they are @
that, just as
uth for the
oberts &

ates that video ga
set of cognitive ski
A major theme is
ared children and yo
around the world (R
re children and youth for a
re crucial to thriving in a
tendo (and other video
of shopping, banking,
eo screens” (Katz,

is section indic
elop a particular
ve socialization.
in the past, prep
ifferent societics
deo games prepd
| become ever mo
d Katz put it, Nin
grown-up games
played out on vid

¢ of studies in th
t require and dev
ment of cogniti
of games have,
Is required by d
62), so too do vi
puter skills wil
As writer Donal
¢1d in which the

games) hails
moneymaking, and even war really are
1990, p. 50).
Video games are part of a trend in cultural history that started 20,000 years
s external to the individual mind
devices for

s of symbolic code!
n a world in which

ago, as the number and type
went from none to few to many (Donald, 1993). 1

ry storage have become increasingly important (Donald, 1993),

h the symbolic systems of

players to deal wit
f external memory S
s developed by video
m word processing
ing, desktop publis
ific/technical simulat

volutionary in that the
n a mass scale and from a very

external memo!
video games $O
the computer, $0C
clear later, the spat

for all sorts of comp
Bowers, 1986) to spreadsheets, programm

multimedia (Tierney et al., 1992), and scient
field, Camaioni, €t al., 1994). The games are re

children to interact with artificial intelligence' O

early point in their development.
But video games are a cultural artifact that have greater ap)
| of action video games

torage. As will become
games are important
(Gomez, Egan, &
hing, databases,
jons (Green-
y socialize

cialize the minds of
jety’s latest form 0O
jal and iconic skill
uter applications fro

peal to some groups
for the military,
asive and impor-

than to others (€-8:» the special appea
discussed in Greenfield, deWinstanley, etal., 1994). Most perv

ctive appeal, gender was an issue that could not be

action video games and cogni-

tant for the topic of sele
avoided as the study of the re
tive skills began. In several of t
Subrahmanyam & Greenfield, 1994),

Jacked motivation (0 participate in vid
et al. (1994), male university students in

e
rogrammer, originated the idea that vid

1Rick Sinatra, 2 computer p!
because they involve human interaction with artificial intelligence.

lationship between
he studies (Greenfie
it was clear tha
co game study. In G
Rome and Los Angel

1d, Camaioni, et al., 1994,
¢, relative to boys, girls
reenfield, Camaioni,
es showed more

co games are revolutionary




6 GREENFIELD

skill on the average at the video game, both initial]
practice, than did female university students. The M. %:a after Severy)
however, roughly .noavmn_zm. In the study by Green Mm of _.:%Sé .
.A 1994), ?Bm_n subjects were recruited without advance HWE. Branp,
_=<.o_<& video games. In addition, the experimental t; ,=os_oamo that ohe
action game (The Empire Strikes Back). In that stud zu.vx Was to leapy, w:o Stug,
mastered the game .s:aaum the female subjects did M.oﬂ ¢ male subjecy ”_ Violep,
more games in their attempts to reach criterion. > €ven though :.om el
It seemed quite possible that the problem of female ma ; ’
Brannon, and Lohr research might have arisen from the SM_mQ 5.:6
game that was used. Research on video game tastes indi €Nce in the ppy;.
are turned on by a violent game theme, girls are turn cates that S:QS,_E_&
Studies of children and adult television preferences oo:w.a of A.Zm_c:n. _cwc.f
and men are much more attracted to violent action SQLM.:,H i m:a_.zm.. \
M_co_.snz (Condry, 1989; _Ao:.o: & Waddell, 1986). With this . Em: are gi
esigned to explore gender issues using a nonviolent action Inmind, 4 Study ,
=mm_m Amcca_.:_m.:wm.a & Greenfield, 1994). In that study %M_ me, Marble Em“,
m_: S Mma not significantly different in video game skill ,N: -Mz-m~mao boys Ea,
play. After a .,os_.:o:a of practice, however, the average b © outset of gap,
the game than did the average girl. 0y performed better a
However, action per se is recogni i
WOVLL, ognized by children
2 as a m
w: M_o““_:m to ﬁmoﬂg on responses to television commercials Mww:o:wnmoa:mzo.
s <Equ ( . elch, Huston-Stein, Wright, & Plehal, 1979). He % different foy.
iyl :M mumuo M.o__a by its very nature have greater muv.om_ mooom the genre of
s .ma.onzw__._w om is nxv_mzm:o.:, in the Subrahmanyam and Gry r boys than for
e Z&:M M wn_.,%g that children of both genders preferred Mw ::a_.a study it
o the control condition i © action gam
i o , a nonaction ¢ ¢
s <EM_MMM“,~MM M..o_. .,§ma<2 reason, however, it is o_o%ﬂwh_w:a %omm s
Xperience than females, both in chi 2168°C0 bave
Greenfield, 1994) and adulthood (Greenfield o eht fhood (Gubrehitagyam &
field, Camaioni, et al., 1994). Th teld, Brannon, & Lohr, 1994; G
how to learn” video games Enaﬁwo:wr SW experience, they may have .,._nmﬂwﬂ
Myers's (1984) extensi ) re benefiting more from vi ©
ensive ethnographi ] m video game practi
development of thnographic study in a com Fh
Another Em_omq:“ﬂ:hooma Ing strategies. riSerss onsioon e s
: er ave
ﬁ\__ the average male may .%ww male performance on video games could b
“.\ M_ games than the average aam_ma ._ﬂuﬂ._sgs_ (trial and error) approach ~n
3_0 anwswshrn average female to _mmaﬂ 15, the average male may be Soﬁm
n
be the case S:ﬂmwsﬂ s of the game, mB:ﬂ Mnh“_:mm - ordc indeanandsallior
system. This ma:am_. aqw%c logy students who were mswa.on I35 L Comid il
ere. & 5 3 rSt-tim
could be related to the uow”mm_ % .cnsm willing to act with CLECINIOLE Compiter
noted earlier. Given ap ::. ¢ ms_n between male gend out full understanding
Cractive medijum ip ism&: = NS.Q physical action
experimentation yields

ho
Urg
505~ we of

o T
=.,=aro

Playeg

Cano::ez

GUEST EDITOR’S INTRODUCTION

instant feedback, an nxvoaaoau_ approach logically has to be of great advan-

tage.

Gender differer
game playing may a
games. Mandinach an
than girls and were mo
Hunt the Wumpus. Thes!
computers in general and e

Another factor in gender
in the requisite spatial skills;
follow. All three of the articles t
& Lohr, 1994 Okagaki & Frensch,
found gender differences in favor 0
the participants Were children (Subrah

students AOanmo_a. Brannon, & Loh
were measured using

whether spatial skills
Brannon, & Lohr, 1994; Okagaki & Fren
(Okagaki & Frensch, 1994; Subrahmanyam & G
should be noted that under some conditions and wit
ences did not appear (e.g., the perceptual speed te
Frensch). It is also clear from the results that spatial skill
game performance (Greenfield, Brannon, & Lohr, 1994; Oka
1994; Subrahmanyam & Greenfield, 1994).
Nonetheless, Okagaki and Frensch (1994
performance on the nonviolent game of Tetris rem
asured by their tests, were partialed out. These
ales’ greater overall experience with video games,
Berkhemer Kline Golin/Harris Communications, 1992; Rush-
s well as in the studies in this issue (Greenfield, Brannon, & Lohr,
amaioni, et al., 1994; Subrahmanyam & Greenfield, 1994).
Amni:m-z_::a% 1987; Lowery & Knirk, 1982—-1983)
tive influence on math and science performance in
e on the use of various computer applications.
er differences hide both important vari-
¢ overlap between the genders. Nev-
experience and mastery must
e early socialization of

d strategic planning skills to
s in learning to play video
ed these processes more
dventure game called
al experience with

ation of Jogical an
gender difference
found that boys us
re successful at playing a computer a
¢ differences showed up despite equ
qual liking for the game.

differences in video game ski
such skills were & major focus of the studies that

hat measured mwu:m_ skills Aoaasmn_P Brannon,

1994; Subrahmanyam & Greenfield, 1994)
f males at the outset of the studies, whether
manyam & Greenfield, 1994) or university
r, 1994; Okagaki & Frensch, 1994) and
nmno_‘.msa-voso: stimuli (Greenfield,
sch, 1994) or computer stimuli
reenfield, 1994). Nonetheless, it
h some tasks, gender differ-
st given by Okagaki &
s are related to video
gaki & Frensch,

1ces in the applic
Iso be a factor in
d Corno (1985)

11 could be differences

) found that gender differences in
ained even when spatial skills,
remaining differences could

as me
as found in many

reflect m
surveys (€.8
brook, 1986) a
1994; Greentfield, C

There is also evidence
that spatial skills exert a posi
addition to their positive influenc
We must remember that average gend:
ability within each gender group and a larg
ertheless, even average differences in video game

be of concern, given the pervasiveness of the games in th
] and other skills of iconic representation important to developing facility

ers, math, science, and technology in general (Ferguson, 1977).

ffort needs to be made to develop games that appeal to girls.
development of more nonviolent games (Malone, 1981),
r other reasons as well. The effort should also
female characters that take an active role

spatia
with comput

A concerted ¢
Clearly this involves the
which is socially desirable fo

involve developing games with more



8
GREENFIELD

%Séﬁo_oo_.m:m:c
_ . _.oor,_ommv
lone, 1981), could : .052%&
emphasis on the QnM““_m Mnm@sso appeal of video MM:MMM Enov,.. Such ag
appealing to girls, by anal uman relationships mighy 10 8IrlS. Grey iy
Korich & ’ ogy with female t . make vid ler the £
Waddell, 1986). G male tastes in teleyigjon . & Mayy
(Kafai, in press). But En_.m Sk Geslgned by female S SIOn pr omamso,, soan
ksl iy are also types of television S are pary of hsm (eg
There must be vowaznzs.m males and females (e.g _AE..omSSm ?osza v
e 150, M0
and girls. 0 game themes that would Emg . sa%__%mao,
Th R sy ; equal g » 1986
- e studies in this .mmo:oz coverarange o Ppeal fo, bo ..
e constant change ge of arcade-style act; L
(Greenfield ge in software from the more pri y e action gam
ield, Camaioni, et al., 1994) e primitive graph; €S thy
representations of Marb to the more sophisti Phics of
o wle E._m. Madness (Subrahmanyam M:S:& three
PR Ty m.w% MM:SHQ graphics has continued m“un__dadmn_a,
Bidk usdity 08. ames also range from arc will contj
enfield, Bran ade games (T
At , Brannon, & Lohr, 1994; R i Erg
field, Qaawr i Mw.m,_ _o_owmw AS home computer m»%&owmﬂu_a used by Greenfie]g
al., 1994) to games _.mﬁ ’ wovS Battle used by Greenfi :.:o: used by Greep,
R e are available for varying ooSE:_o d, deWinstan]ey, 2,
rahmanyam & oaaa._o_m J:%o:oan game sets (Marble ZMMQE of arcade :.s.
sticieslss Tl osﬂ,x_.ank M,Q:m used by Okagaki & F Momm zcmmn_ by Sup.
computer memo Xinds of computer games i ensch, 1994). h
e tlonde GreesE Y CamniGalepals 1998 s ;
i M rahmanyam & Greenfield Gmr.cnﬁ al., 1994, and a 8:6_“3
e assumed th: 4 ;i X
game develops all ' that every computer ga
e me ”___a skills assessed in the m:_m_. o-ww moa even every action video
Indeed, earlier researc %v%mu_:n skill assessments E&».. iw.o_o. Each game was
mw:“.o w_ Targ and ww_:owowa Um:o: (1985) showed that mwm_ ”:2 uﬂ:_niﬁ i
spatial skills, H » was related to aj ’ each of two vid
i wE%Moér the nature of the ao” o“na%wsm but not identical mh_ nw
game just as it noBan.ast:o:m will, in moso ogy is such that skill in Sm&.:o
become ever m § Into every comput b mo::‘ come into every vi :
: ore re; puter appl ry video
sentations ch alistic, the partj pplication. As the hi
b changes but remaip, particular nature of the iconi graphics of games
one reason for the pre 1S central to the med; onic and spatial repre-
Spatial strategies c. predominance of spati M&EB. #
(Lowery & Knirk an be carried oyt soqu_m._ skills in action video :
Michel, 1990) ._a.. 1982-1983), zos,m_o quickly than verbal-anal w»:_nm is that
: ) indicates that actiop y: research (Goffinet U ytic strategies
ideo games hyperactiv; e Volder, Bol, &
activate the visual cortex

: 0, Utiop
a_sgz,o:a
1994). 7y
nue into the
Pire Strike,

quential
0 use 3 <HJ_.MM~%-“~“_=EW (Greenfield, 1991)
me to -analytic g I 8
5 0doso pproach t 2
sto :o? € Video wmsA_.bsoQ & Knirk Gmmo e
PPINg time fo amm. thilke m_.gannmu I_w:muv.
mes where

CCtion i
- It will be interesting to

spatial tasks when gj
! n give i
W.w :.m:,_m (1992) vo_a_m__n._n_na :
ime Is money, often ?::.w
1

9

GUEST EDITOR'S INTRODUCTION

ed the adventure

o this genre, term
e-style action

vooa.gm& arcad
s section.

ased adventure ga
rs consult complex maps
ted maps should add a
wledge developed by
ensional represen-
on through the
(1982).

Jic approaches t
n they are 0 S
presented in thi
even nonspeed-b
insofar as playe
n. The use of prin
w_‘cnnn_ca_ kno
rough the two-dim
imilar to navigati
ke and Hayes-Roth
o actively navigate through
o skills in navigating real-
and Pick (1978)? How
presentation relate
p reading (Liben
Harrison, &

onspatial symbo
successful tha
of the research
is pointed outs
bolic strategies,
ic _‘owama::_:o
ge of spacc to the
if navigation th
e is cognitively
udied by Thorndy’
for the first time ¢
s experience relate t
Hazen, Lockman,
mensional spatial re
ntation such as ma
p making (Spencer,
n utilizing S_do-&:.m:wmo:u_
y DeLoache (1989)? How
sentation affect internal
merville and Bryant
g through the

sec whether n
game, are more
games, the focus

However, as Hart
jconic as well as sym
which are forms of icon
ceptual knowled
hrough a game,
e of a video gam
sional world st
make it possible
ce. How does thi
hose studied by
h a dynamic two-di
tic spatial represe
|man, 1989) or ma
¢ relate to skills i
as those studied b,
jonal external repre
hose studied by So

mes elicit

more con
navigation t
tational spac
real three-dimen

Video games
Rn_‘nvosano:m_ spa
world space such as {
does this experience witl
to skills in dealing with sta
& Downs, 1989; Uttal & Wel
Darvizeh, 1980)? How does i
models of real-world space such

does navigating through a two-dimens
s of space such as t

mental _‘o?‘nmoamao:
(1985)7 A case study by Coty (1985) indicated that pavigatin
ked video screens Jeads to the rapid development of a
Finally, is there a connection

ational space of lin
but more extensiv
tional activity in t
he communication
9 These are important
d out that home video
clude symbolic word
e Nintendo telephon
Some statistics put ¢
al perspective: Ninte
ers from players in |
ption base of any child-
of 1.2 million.

y the technology is
r own anima-
s, such as

e research is needed.
he ,io-&_:o:mmo:m_ e of
of spatial informatio
questions for future

game players cons
s as well as iconic ma

e hot line (a more purely
hese communication
ndo of America
991 and its
and

represent
mental map,
between naviga
video games and t
and Rogoff (1989)

Harris (1992) pointe
reference manuals (which in
other iconic images), and use th
symbolic form of communication).
media and Bv_‘nmo:gmao:w_ tools in soci
received more than 7.2 million calls and lett
e Nintendo Power has the largest subscri
d magazine in the U.S. with a circulation
new Super Nintendo gives an idea of the wa
yers to become creators, as they produce thei
and sound effects. Complex simulation game
ctional city) and Sim Ant (the player constructs a
come very popular. Future study of video
to take account of this multimedia and
ing the increasingly fertile mar-

.‘ov_,omo-_s:o:m_ spac
1 studied by Gauvain
research.

ult elaborate
ps and

magazin
youth-direct

The relatively
moving: It allows pla
complete with music
he player builds a fun
colony), have also be
nitive effects will have
resentational tools surround

d the computer.?

tion,
Sim City (t
functional ant
games and their cog
multimodal set of rep
riage of television an

SO e ]
2Credit for the phrase

“the marriage of television and the computer” belongs 10 Gardner (1983)



10
GREENFIELD

REFERENCES

Berkhemer Kli i i
=l line Golin/Harris Communications. (19
i wma. Los Angeles: Author. : Ao
er, J.S. (1965). mi
. :o&w. ._A.us__n M_vdﬁr of mind. American Psychologi.
o gitive growth. In J.S. Bruner, W%E. s
Cole, M., & qs%sm::nemszé growth (pp. 1-67) New <.w. Wi, M. @
., , K. (198 i ke Wi e
disabled child. In €.>.Ao°=_mw_.m Qmasa._ﬁ cognitive a%wﬁ_m . ot
14, pp. 125-154). Hill » (Ed.), Minnesota Symposi, ; rqm:._,zm 1
Condry, J. (1989). Ti sdale, NJ: Erlbaum. e ol e
Coty, B. (1985) .thﬂw&io.ww of television. Hillsdale, NJ: Er] e .s_,__m
(1985). oject for Analysi; B |
Unrounﬂu:.._omm_w ol s b MM_M of Communication Effects. Up b
,J.S. (1989). i i , e
S wv Young children’s understanding of th 5 oA
R _”.n_o. Cognitive Development, 4, 121 Mmo:dwvcnanzno e .
) a. L ’ ’ e
: SRR M_qmom:_:é evolution: What >
: E
rguson, E.S. (1977). The ming”
m s nd’s eye:
'C| 1 .l
rrini-Mundy, J. (1987), Spatial traini
o3 Education, 18, 126-140 =
gnon, D. (1985). Vi :
] . Videogames i
] and spat; ills:
iy N and Technology Journal .w,w Muo_ g
-h:. - (1983, March 27), i.rn e
Gauvain, N_E,‘M_xmw% ﬂnsmo_ m_a:oc“__ [
e Review, 13, o.~|_~n_ ‘e
auvain, M :
%am.:w wmmm&. bl
o ill in Communicating mw.“_.o_m x
Goffi -
:.n_”.m \_r.z_ De Volder, A.G. Bol
SWE M\n._\_wc_.« mﬁ?m:o:“ Iv“vomom.?,‘ i Mickels .
edicine, 6], 338-342. S50, o prefrons

Gi
omez, FZ & Egan, D.E. (1986

of America: Comprey,
re ens,

M ascale moge)

we we
re, what we are becoming §,
Nonverbal i o
thought in technology. Science, 19
e, 197,
g for calculus =
students. Journal for Research in M 1)
athematics
An explo
ploratory study. Educational Commun
ica-

evision marries
com; =
New York Times, p. 12— [Review of Pilgrim in the

of Spatial thinkin, n eve Vi Developmenta
g —YQN< activity. \E !

vhmx:._w about s ace: P
P : The develo, ment o)
r:oi-onmm. QQWB~E.<N DN—\NNQESN\: 4, 295

(1990 i
B oo:nw. m_.u.s ,m_cno% utilization under
- Aviation, Space, and Environ-

). Learni
Ing 10 use
omputer In a text editor:
teraction, r: Some learn
,'2,%1%23 er characteristics that

Harvard Gradu '80s (P e skills. In <..
ate § P 19-24 ‘0 Video ga
chool of Education ). Cambridge, MA-: “N“MM M:Sn: development:
i . Gutman Library,

Greenfield, P.M
» P.M. (1984a). Mij
C . . Mind and A5
ambridge, MA: Harvand o2 The effc
University preg, 15 of television, yig
. » Video games, and
g computers.

organize . » tool.
ganized scquential behavior. wwmnm_w._ brain; The
ioral ang p
e

Greenfield, P.M
. PM. (1
media :,o:._A cc.uv. Representationg)
radio to video games Fnﬂ:vﬁn:g in sh
. -R. ¢ Shared

velopment and meani
ning of psycholoes ocki ym
baum. Ychological iy, g & K.A. R bol systems: Electronic
nce. (pp, enninger (Eds.), The d
.), The de-

161~
183), Hillsdale, NJ: Erl-

Ontogeny g

. -S¢My and ph

ain Sciences, Nw wm_wwnmw of hierarchically
» 931-551

e ita

GUEST EDITOR'S _Z._,xOOCQ._OZ 1
through .Enn.&an:mwo:w_ space: The role of video game expertise. Journal of Applied
Developmental Psychology, 15, 87-103. iy

Greenfield, P.M., Camaioni, L., Ercolani, p., Weiss, L., Lauber, B.A. & Perrucchini, P. (1994).
Cognitive socialization by computer games in two cultures: [nductive discovery of mastery of
an iconic code? Journal of Applied U%&&i&:& Psychology, 15; me»mm.. :

Greenfield, P.-M-, deWinstanley, P Kilpatrick, H.s & Kaye, D- (1994). Action video games
as informal education: Effects on strategies for dividing visual attention. Journal of Applied
Developmental Psycholog), 15, 105-123. . . jii

Harris, S. (1992)- Media influences on cognitive development. C:vcu__urnn_ manuscript, University
of California, Los Angeles. ; .

Hazen, N.L., Lockman, J.J., & Pick, H.L.,Jr (1978). The development of children’s representation
of large-scale environments. Child Development, 49, 623-636. :

Kafai, Y.B. (in press)- Minds in play: Computer game design as a context for children’s learning.
Hillsdale, NJ: Erlbaum.

gap. Esquire, PP- 49-50.
ames: From Muppet Babies

). The new wn:n_.nno_ﬂ
relevision and video g

Katz, D.R. (1990, February
ith power in movies,
CA: University of C

alifornia Press.
evision

Kinder, M. (1991). Playing W
10 Teenage Mutant Ninja Turtles. Berkeley,
Korich, M., & Waddell, H. (1986). A comparative study of age and gender influences on tel
taste. c=v=c=m__nﬁ_ manuscript, University of California, Los Angeles.
Lave, J. (1988). Cognition in practice. New York: Cambridge University Press-
Leont'ev, A-N. (1981). The problem of activity in psychology- In J.V. Wertsch (Ed.), The concep! of
Armonk, NY: Sharpe-
s: The development of map

psychology (pp- 37-71).
R.M. (1989). Understanding maps a$ symbol
In H.W. Reese (Ed.), Advances in child avior.

). San Diego, CA: Academic.

Lowery, B.R., & Knirk, F.G- :ownl_omuv. Micro-computer video games and spatial visualization
acquisition. Journal of Educational Technology Systems: 11, 155-166.

Z_u_o:m.ﬁi. A_ow:. Toward a theory of intrinsically motivating instruction. Cogn

333-370.
Mandinach, E.B., & Como, L. (1985). Cognitive engagement Vv
&mn_d_:uE:Q level and sex in @ computer problem solving

251.
D. (1984). The patterns of player-gam

Simulation and Games, 15, 159-185.
Okagaki, L., & Frensch, P.A. ( 1994). Effects
mance: Gender effects in late adolescen!

33-58.
Provenzo, E.F., Jr.
University Press.
Roberts, J.M., & Sutton-Smith, B. (1962). Child training and game i
185.
Rogoff, B. (1990). Apprenticeship in thinki
Oxford University Press.
Everyday cognition: Its

Rogoff, B., & Lave, J. (Eds.). (1984).
Cambridge, MA: Harvard University Press.
Rushbrook, S. ( 1986). “Messages” of video games: Socialization implications. c=v=c=m=oa
dissertation, University of California, Los Angeles.
Salomon, G- ( 1979). Interaction of media, cognition, and learnin
mmxn.o.m. :oo_v.ﬁ:?—}. and cognitive development: Studies

Hillsdale, NJ: Erlbaum.

activity in Soviet

Liben, L.S., & Downs,
concepts in children.
(Vol. 22, pp- 145-201

development and beh

itive Science, 5,

ariations among students of
game. Sex Roles, 13, 241-

y of computer game players.

e relationships: A stud
perfor-

on measures of spatial
15,

Myers,
evelopmental Psychology.

of video game playing
ce. Journal of Applied D
Making sense of Nintendo. Cambridge, MA: Harvard

(1991). Video kids:
nvolvement. Ethnology.

1, 166-

ing: Cognitive development in social context. New York:

development in social context.

doctoral

g. San Francisco: Jossey-Bass.
in mathematical understanding.



GREENFIELD
]2 . .
981). The psychology of literacy. Cambridge, N Ay Bk,
Scribner, S., & Cole, M. (1981). d
e ing, R.R. (1977). Cognition and communication: A g;
Sigel, LE., L COCkmg,M .L;awis & L.A. Rosenblum (Eds.), Interaction, .
deve;opm::: .o}n]anéuage: The origins of behavior (Vol. 5, pp. 207-2
developm
demic. The effects of video game play o ‘
illiamson, P.W. (1987). : Young |
Silvern, S.B. ;?;n‘g:;’:; and prosocial behavior. Journal of Applied Developmental psycho;::g:flas
aggression, A .
ith é5i—4§£2'stander J.M. (1981). Human interaction with computer simulatiop: Sex Toles "
th, C.L., ) J. ¥
Smi oup size. Simulation and Games, 12, 345. 360., : .
S rv?lrle S.C., & Bryant, P.E. (1985). Young children’s use of spatial coordinates Chilg B
omerville, S.C., ) .
nt, 56, 604—-613. B
Spence: pg;, Harrison, N., & Darvizeh, Z. (1980). The fievelopment of iconic
);oung children. International Journal of Early Chlldl'zood, 12, 57—64..
Subrahmanyam, K., & Greenfield, P.M. (1994). Effect of video game practice on spatig| skills

girls and boys. Journal of Applied Developmental Psychology, 15, 13-32.
Thorndyke, P.W., & Hayes-Roth, B. ( 1982). Differences in s

and navigation. Cognitive Psychology, 14, 560—589.
Tierney, R.J., Kieffer, R., Stowell, L., Desai, L.E., Whalin, K., & Moss, A.G. (1992). Computer
acquisition: A longitudinal study of the influence of high computer access on studeptg

thinking, learning, and interactions. Apple classrooms of tomorrow (Research Rep. No. 16).
Cupertino, CA: Apple Computer, Inc.

Turkle, S. (1984). The second self: Computers and the hy

h
Uttal, D.H., & Wellman, H.M. (1989). Young children’s Tepresentations of spatial information

acquired from maps. Developmentaql Psychology, 25, 128-138.
sR.E. Huston-Stein, A., Wright, J:C.x

Un

alectjc ;
onversatio,,, agn"; foy
26). Ney, Yorg. Ai‘le

a4

lVehm

™Mapping abifyy

patial knowledge acquired from maps

man spirit. New York: Simon & Schuster,



