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COGNITIVE EFFECTS OF VIDEO GAMES

Sandra L. Calvert

My eleven-year-old nephew Sean and T are playing a
race-car video game. e races around the board, pass-
ing cars and moving his hands at lightening speed. I
struggle along at the end of the pack. Sean, who is able
to watch me play as he is winning the game against the
computer (who is providing more competition than |
amy), begins to give me some verbal guidance about
how to use my joystick. At one point, he even SaYS,
“T'urn around, Aunt Sandy—you’re going the wrong
way!”

Sean is able to multitask and win a complex game,
requiring skills of attention, memory, concentration,
and planning while coaching and teaching me to play
at the same time. How does he do it?

American children spend approximately six hours each
day with media (Roberts et al., 1999). Although most
of this time is currently spent viewing television, an
Increasing amount of time is invested in interactive
technologies, including video games (Rideout et al.,
1999). Video games are often children’s first experi-
ences with computer information technologies (Calvert,
1999). The populatity of gaming at home, often with
other peers, now extends to online interactions with
known and unknown competitors. Although the spe-
cific amount of time that children in other cultures
spend with electronic games may be less than their
American counterparts, the ways that children learn
from media should be consistent across cultures.

Using an information-processing model that is
:sensitive to developmental differences in learning, T ad-
dress the following questions: Who plays video games?
How do children interact with, and think about, video
games? What kinds of skills are needed to extract in-
formation from these games, and what kinds of skills
does game playing cultivate? Why do boys gravitate
10 these games more than girls, and what is the po-

ntial impact of differential interest for children’s
evelopment?

Who Plays Video Games?

For video games to impact children’s development and
cognitive skills, children must first play them. The
kinds of video games available for children to play are
as follows: (1) general entermainment, a story or game
with no fighting or destruction; (2) educational, in
which children learn about new ways to use informa-
tion; (3) fantasy violence, in which the theme is to fight
and avoid being killed; (4) human violence, in which the
goal is to fight and avoid being killed as a human char-
acter; (5) nonviolent sports, sports games without {ight-
ing; and (6) violent sports, sports game with fighting
(Funk & Buchman, 1995). Game play has now moved
from consoles to online interactions with characters
moving fluidly between offline and online spaces. In ad-
dition, virtual reality games provide three-dimensional
versions of games for children to immerse themselves
in (Calvert & Tan, 1994), These innovations, particu-
larly the virtual reality game, may make gaming an in-
creasingly realistic experience for children.

Boys are the overwhelming players of video games,
typically spending twice as much time gaming as girls
(Buchman & Funk, 1996). Gaming is a core part of
boys friendships and socialization experiences (War-
tella, O’Keefe, & Scantlin, 2000). Boys primarily play
fast-action games that include a considerable amount
of violent content as well as sports games (Fonk, Ger-
mann, & Buchman, 1997; Gailey, 1996; Wright et al,,
2001). Girls, by contrast, prefer spatal games such as
Tetris, fantasy genres, educational games, and games
with traditional feminine themes such as Barbie Fashion
Designer (Funk et al., 1997, Gailey, 1996; Subrama-
nyam et al., 2001; Wright et al,, 2001). Gaming is a
much less important facet of girls’ friendships and so-
cialization than that of boys. - .

Video game play increases from ages two to seven
(Huston et al., 1999), but then decreases as children
grow older (Buchman & Funk, 1996). For instance,
fourth-grade girls spent approximately five and a half
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hours per week of gaming compared to only about
chree hours per week for eighth-grade girls. Alchough
the overall levels of game play was higher than that
of girls, boys showed similar declines in play as age
increased. Specifically, fourth-grade boys spent approx-
imately nine and a half hours per week playing games,
compared to oply five hours per week by the eighth
grade (Buchman & Funk, 1996} :

Sean, my nephew, is at peak performance as 2
gamer. He has played games for several years by age
eleven, and he knows the games well, He prefers action
games, selecting 2 nonviolent sports game for us to
play.
Does playing video games facilitate the develop-.
ment of children’s cognitive skills, particularly visual
and spatial skills? Or does playing video games impede
the development of children’s cognitive skills, particu-
larky verbal finguistic skills?

Development and Information
Processing Theory

Two major developmental theories are useful in under-
standing how and what children learn from playing
video games. The first is information processing theory.
The second is developmental theory grounded in the
work of Piaget (1962) and Bruner, Olver, and Green-
field (1968). Both theoretical perspectives view children
as active processors of information.

Tnformation processing theory, which grew out of
the developmental theories of Piaget and Bruver, is
actually a group of theories that are based on how in-
formation flows through a “human” computer. 1 hese

information-processing activities include perception, at-
tention, representation and memory, and output. This
chapter will integrate both theories into one frame-
work, with the developmentalists primarily contributing
to the section on representation and memory.

Perception
Perception involves the initiaf intake of information. In

media research, one useful approach to the study of
information intake is Berlyne’s (1960) theory of pet-
ceptual salience. In Berlyne’s approach, certain qualities
of the environment are likely to trigger attention and
interest because they have survival value for the organ-
ism. These perceptually salient qualities include move-
ment, contrast, change, incongruity, complexity, and
surprise.

Tn the predominantly visual medium of television,
Huston and Wright (1983) examined perceptually sa-
lient qualities in relation to production  techniques.

These production techniques include action, how uch
movement there is in the production; pacing, how
quickly scenes and characters change; visual and auditory
special effects, the violation of real-life events through
surprising and incongruous visual events and sounds;
foreground music, joud music that appears in the absence
of dialogue; and character vocalizations, nOLhITIAN in-
congruous sounds made by characters. Nonsalient pro-
duction features involve dialogue, in which characters
aalk to one another meaningfully, but often without fea-
tures that easily attract attention.

These same percepmually salient features are also
the hallmark of video game presentations. That is,
perceptually salient features such as rapid action, loud
and visual and audio effects charac-

music, rapid pacing,
terize video games with nonsalient features such as dia-

logue being used spatingly.

Using principles embodied in video games, Malone
(1981) theorized that challenge, fantasy, and curiosity
were key elements for a theory of intrinsically motivat-
ing instruction. Variable levels of challenge included
goals that were personally meaningful as well as uncer-
tain outcomes, the latter embodying the salient quality
of surprise. Fantasy included those that were created

by the player as well as by the game maker. Cariosity _‘

included sensory curiosity such as andio and visual
effects, a direct link to both Berlyne’s theory of percep-

qual salience and the production features that embody

those qualities. Malone (1981) found that boys pre-
ferred action, whereas girls preferred musical rewards. :

Visual Attention

Video games use perceptually salient features to MOVE '
children to the pext phase of information processing:- :

visual attention. Perceptually salient forms are impor
tant, in part, because they attract attention to certain;
content (Calverg, 1999). Initially, this attraction can b
involuntary, based in large measure OR the surviva
vahue that attention to certain features brings to the:
developing child. This is called the safience function of:
features. Over time, however, children learn that cer-
tnin features signal and mark important conent for.
further processing. This is called the marker function of
features (Calvert et al., 1982). S
In video game play, sound effects often signal and
mark the presence of important content. For instance;
2 sound informs knowledgeable players that they are
about to enter a new level of the game or that a certain
event is about to happen. Itis through prior experien
in playing the game that players gleam puances 0
meaning from such experiences. Through f[erﬂpdf_'al

contiguity with these sound effects, children are primed
for the next sequence of game play. o
Ytdeo games also require sustained attention to the
task in order to sncceed, as well as the ability to look at
the proper areas of the screen. Few émpirical studies
have examined the role of visual attention in video
games, apparently presuming that the player will auto-
matically attend in order to win. One exception is i
body of work by Patricia Greenfiekd, ’ o
Allocation of attention to the correct areas of a
task may be affected by video game play. Greenfield
dfﬁWlnstaniey, Kilpatrick, and Kaye (1994) examinec;
divided attention, as indexed by response time, for col
lege students who had to locate a target on a c,om u(t) .
screen. Experienced video game players were sﬁmilir :;
novices when the target appeared in a high probabili
location on the computer screen; however, the expe y
enced players responded faster than the n’ovices XvI;h:::
the target was in a low probability location on the
screen. In a second experiment, the authors dem
strated that five hours of practice with a ﬁdeo me
called Robotron improved response time for thf:galme
p-rob:-ibility location. These findings snggest that att::
tion is actually guided by memories, that is, schem
developed by previous game play. . -
As attention becomes more automatic at a task
scarce attentional resources are freed up that allow thé’
playejr to perform multiple tasks at the same time
multitasking. So one reason that my nephew Sea;1 O'r-
able to play video games well and coach me simultan N
ously is because he knows what to do at the game; h‘:

attention is automatically di
y directed to parts o
needed to win. g e gme

Representation and Memory
McLuhan (1965) argued that television was unique in
its form, not its content, That is, the same information
Cf)l_lld be presented in a book, on the radio, or on tel
vision, but how it was presented, and poten’tia]l e
sented, varied with the medium. T
auéﬁ:ilit?eol fgames are also presented in the unique
udiovisual forms that first appeared with film and tele-
ws101.1. However, there are new ways of getting the con-
Zent in video games that were not part of early media
t:}if:e:;;s, More speciﬁ.cally, children must now in-
content, not just observe it. This shift to

- Interacti i i
ctive experiences provides very direct ways for

childre i
n to control and to receive responsive feedback

_ from media.

Thro i i
ugh experience, children construct schemas,

lea] 1 Orie.

3 ned 5 i

i Expectatlonb thﬁt glllde perceptions, men i S
H
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fmd inferences about content, These schemas can v
in the form in which they represent content and thaez
repffated use over time can cultvate the developm

of visual and spatial skills. As they grow older, i:h?ld ren
develop metamemory skills that enable them, to knl;)en
about their knowing. At this abstract level, children b ;
comme quite skilled at creating and artic:ﬂatin str .
egies, such as how to win video games. £
'Developmental theorists have been instrumental §
putung-forth a framework for understanding how t::lnlln
dren think differently at different points in develo men';
(Bruner, Olver, & Greenfield, 1968; Piaget, 196pZ) In
Bruner et al’s (1968) system, which was based in P
get’s ear%ier work, children represent information E’l‘
) ena(':tlve (with the body), (2) iconic (visual), and (3)-
symbolic (verbal) modes of thought. These ievels f
rep.resenmr:ion progress from enactive to iconic to s O—
bolic, moving from very concrete to increasingl Varz—
stract ways of thinking about information. ’
- Emc:tive representation, the first level of retainin
information, involves representing information W'tlglP
the' body. Young children, for instance, inidall tulr
their head from side to side to avoid eat'L;g undessrir bln
foods. That back and forth motion becomes an enacii .
re;?resentation for the concept “no.” Enactive rebrese;(j
tauolns remain 2 part of thought, particularly in repre
sialimng what it feels like to hit a baseball or throp .
Frisbee. ‘The body knows how to do these acti s
through the muscles. e
.In v1d.eo game play, I've observed a child who
physically jumped when he wanted his Mario Brother’
character to jump over an obstacle. His body knev;‘i
w.ha_t he wanted his character to do (Calvert, 1999
Suml.arly, in playing a virtual reality game such,as D ).
tyl Nightmare, adolescents may have developed enactiﬂc_
representations of events, such as pulling the trigger Zef
a gun. That is, they knew how it felt to pull the tfig er
‘of a gun and that feeling was retained and represenfed
in their body (Calvert & Tan, 1994). Similarly, Sean’
muscles knew what it felt like to operate hisy,' anclj
when he played video games with me. o
IC'-GﬂfC .repm"enmrion, the second level of repre-
sentation, involves the use of concrete symbols such
:is VISlflaI pictures, to remember events. It is in this
: :;"us(;d'representanon that video game research has
. Video game play frequendy activates cognitive
skills by calling upon the player to construct mental
representations of space in order to win the game

Repeatedly playing vi
ying video . .
spatial skills. games may cultivate visual

Cognitive Fffects of Video Games |
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Studies of children and adults who are expert Wdecl
game players demonstrate that they menta]l.}f ;msi;lje
maps as they interact with the game, even 1 ;i ey e
never viewed a map of the game drawn ;)5- hem
(Greenfield, 1994). In pilot studies, Gre-enﬁe y 0 i
that boys and college stadents c:ould‘ either mC\:l o
reported the use of mental maps of a video game

in.
CMI}%‘Zdef:ntal maps are constru?ted through th(z,r
activities of game players. More specifically, (f:;)mp\(l)trflze
games frequenty require the user FO maove from "
screen to another through branching .tecth(Ees.taSk’
the player practices and becomes Proﬁment at the o
he or she is developing an iconic, sch-ematlclmWﬂlf—
construction of the space. For instance, in Castle o
enstein, the player moves through several I:EDmsm tD
has to exit through particular doors. from eac rock)l '
reach the ultimate destination: freedom! Although ¥ by
clear that expert players of such games are more f];lole
cient at these visual-spatial skills, 1t is unclear 11 ays
were initially more proficient at creating -melglia Tmpe
or if they developed the skill through pla_ymg e g de:
Playing computer games can cultvate (i.¢., o
velop) visual-spatial skills. Greenfield, ].Sr?nn(;rll(,i <
Lohr (1994) first performed a natu.rahst?lc dsf ryCOL
which they went to @ video parlor ar_xd W:ut_z ; et
lege students to complete The Ev'npn'e Styikes Back,
iri layer to nav
i?g:n;?ilnzlii‘ efrgmya rwo-dimensional representa-
tioti. The experimenters then asked the playa‘arslto P:;
form a mental paper-folding task, a test of visual-spa

skills. Those students who were extremely proficient on

i ntal
the computer game were more proficient on the me

n were less successful computer

aper-folding task tha . Ut
zafne players. The results suggest that visual-spatial

skills are associated with expertise in the spatial skills

gate through three-

area.
an experimental follow
studyl*f1 Greenfljeld, Brannon, and Lohr (1?94} e);p;;;i
college students t© the video game The Empire e
Back for an hour or two. Although short—ternzh €xpos e
did not improve students’ performanc‘e on dt? faper_
folding task, long-term exposure did predn: phad
formance. That is, the more frequently stu t;ﬂts ad
participated in computer games, t}le .bett(:‘,I.;l ey pestS
formed at the paper-folding task. This stu y suggtml
that long-term exposure to COmputer gameic, is cent oy
to understanding their impact on the developmen
[ s visual-spatial skills. _
Chﬂdlrjna;:t;tr stidy of spatial performance (Okagaki
& Frensch, 1994), older adolescents played the game

—up of this naturalistic

Tetis for six hours. Tezris calls upon and cultivates raplccil

rotation of objects and placement of blocks. Compare !
to a control group, video game pla?rers. were faster a—
mental rotation and spatial visuahz.atl-on. Men pt;,r

formed more quickly than women did on complex
mental rotation tasks, but not on simple visual rotation
t%ksl.Soys such as Sean, who spend wany h(;lursbeizg
week playing video games, cc-m.struct visually \ a‘o !
schemas that allow them to anticipate .the game 1ay. .
and moves that they must make. His game playing

so automatic that he can sinmultaneously

5 ome
o lex mental and

instruct me as he carries out comp o
motor activities involved in siccessful game perio
mance. .
o
Symbolic modes of thought, the most abstract way

e € 1 f()[IIlaIZlOIl IIlVOerS usim WO[dS or Otklel
T pres nt‘.ﬂg 13 a g

abstract symbols that are arbiirary fmd c-lo not have atd:i—
rect link to the information that is being .represen C;ai .
There are DUMErOUs complaints thaT: v1sualb 11116 a;
including video game play, are rep%aclng ver| ;11 .t“;z;ze
of thinking about information, 1ead-mg o 3:1 i 1n eeroﬂ
society. To date, there is no firm evidence that ar o
sion of verbal skills has taken place due to e?(pene :
with visual media. Instead, it appears that video gain

play cultivates the development of visual spatial sk.ﬂls,ﬂ :

an underuidlized skill in American culture.

Sean has abstract metamemory skills that allow "

him to think about strategy, © plan his game so that
he will be successful. He has developed the abstract as..

well as the concrete skills that are needed for successful

gaming.

Output - o
Thf evidence suggests that the way that information

} . : o
comes into the information processing syster(ril o

i . er
similar to how it is encoded and represente

. . ’ be ..
fore, how that information Is remembered may also
tl

modality specific. Visually presented information mag_-__
be remembered in a visual form and verhally presentec.

information may be remembered best in a verbal form

999). ' ‘
(Cal‘;f:;ﬁlninaz-y evidence suggests rl.mt play{ng m(i)ez
games may cultivate iconic modes of m’forrnen:u;\;l1 }S):u dy
essing and subsequent output. Ina cross—cultur‘mdem_s__
by Creenfield and colleagues (1?94), college_ d&; =
from the United States and Ttaly interacted wi on alé"
six video games. Prior qualities, sach as being ; :leiﬁga
being an experienced video game player, an o
American, positively affected pretest scores on § ;
tific-technical discovery skills. After short-term expo

fren

sure to video games for two and a half hours, all partic-
ipants playing discovery games improved their decod-
ing of graphs depicting scientific-technical information
more than the control groups.

Participants also used iconic diagrams rather than
written words to represent their memories during re-
trieval tasks. These visual diagrams paralleled the pre-
sentation of the task they had experienced, suggesting
that information is best remembered in the form in
which it was initially experienced. The findings suggest
that computers can cultivate the use of iconic modes of
eXpIression.

Sean’s output is smooth, fiuid video game play as
he maneuvers every turn and overcomes every obstacle.

Through practice, he has become an expert at a visually
based activity.

The Cultivation of Visual and Spatial
Skilis
Although visual skill development typically generalizes
best to similar rather than more distant cognitive skills,
there is some evidence that visval processing skills have
improved during the twentieth century (Subramanyam
et al,, 2001). Consider the case of IQ) scores.
1Q tests comprise school-like items because they
were originally designed to predict success and failure
in the French school system. During the twentieth
century, children’s performance on the visual subcom-
ponents of 1(} tests increased, a finding known as the
Flynn effect (1994). Greenfield (1998) argued that these
improvements in visual scores parallel and are probably
caused, in part, by children’s use of visual media, .
including video game play, because computer games
develop many of the same nonverbal skills that are
tested on the Stanford Binet and Weschler 1Q tests
(Greenfield, 1998). For example, the spatial visualiza-
tion skill developed by playing Temis is similar to the
Object Assembly subtest of the Weschler IQ) Test
(Subramanyam et al., 2001). Because of these informal
learning experiences, visual 1Q performance may have
actually increased over time. The implication is that
visual interactive games are becoming informal learning
tools that cultivate iconic ways of thinking about in-
formation. ‘These visual skills, in turn, may be useful in
occupations such as computer programming that re-
quire visual spatial thinking and visval forms of repre-
Sentation for successful performance.

Will Sean’s IQ scores show increases in visual-
Spatial subscores because of his video game play? Will
other children who play video games show increases in
these subcomponents of IQ tests?
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Gender Differences in Cognitive Skills
If, as the literature suggests, certain kinds of video game
play increase visual and spatial skills, then getting girls
to play games that cultivate this kind of skill may be im-
portant in their cognitive development. If researchers
can get girls to play video games, do their spatial skills
tmprove?

Subrahmanyam and Greenfield (1994) attempted
to reduce gender differences in visual-spadal skills by
exposing ten- and eleven-year-old children to a maze-

- based video game called Marble Madness for two and
one-fourth hours. Children were initially pretested on
spatial skills. A control group played a word game on
the computer, while the experimental group played
Marble Mudness. Finally, children were posttested on
two of the three original pretests. Boys were initially
betrer on the visual-spatial tasks. After exposure to the
computer games, however, girls who had received treat-
ment in visual-spatial tasks had caught up to the boys in

visual-spatial skills. Although girls performed as well as -

boys in the more general spatial task after video game
exposure, boys continued to outperform girls at the
video game. So even if I practice and improve my
visual-spatial skills, Sean will probably continue to out-
perform me at video game play.
Kafai (1995) took a different tack in addressing the
gender differences in video game play. Instead of hav-
ing children play another person’s game, she had chil-
dren create their own games. Boys created games that
were very much like the action and violent games that
they played every day. Themes of good triumphs over
evil were prevalent in their games, where players often
fought off evil bad guys to achieve their goals. By con-
trast, girls’ games had more variability in themes and in
outcomes and rarely had evil characters. For instance,
girls tried to avoid a spider or ski down a slope without
taking a spill. Many of these “girl” games were nonvio-
lent in focus and had weasures as a reward. All children
constructed physical spaces as a setting for their game,
Girls’ games typicaily took place in reallife sertings
such as ski stopes and airports, whereas boys’ games
took place in imaginary places such as haunted houses,
space stations, and “Funland.” The characters of boys’
games tended to be boys, whereas girls left the gender
of the character flexible. Finally, the feedback of boys’
games was violent; players were often killed and lost the
game when they made mistakes. In contrast, the feed-
back of girls’ games was rarely violent; players could
continue the game if they made mistakes. So maybe
there is hope for my video game play—I just need to
create my own video game and I will have the advantage!

Cognitive Effects of Video Games |
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Conclusion
Computer games are often children’s first entry imto
the world of interactive media. Boys like Sean are most
interested in playing video games, and they reap the
cognitive benefits of video game play, particularly the
cultivation of visual-iconic and spatial representation
skills. Such playful experiences can cultivate the skills
that are necessary for successful navigation along the
information highway as well as prepare children for
later occupational skills in areas such as engineering
and computer programining. Where our school system
ends, our informal gaming environments begin, provid-
ing lessons in the visual skills needed to excel in many

technical careers.
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