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ABSTRACT. The authors address the gquestion of whether associations between videc
n::‘, cognitive and metacc oqmve variables depend either on the features of the com-
or on the content of the game that the computer aliows one to play. An experiment
te these two kinds of effects was carried out by using a traditional version and a
uter-supported version of Pegopolis, a solitaire game. The twe versions were exact-
same except that they were played by moving pieces either on a real board or on a

ter-presented board. The performance levels and strategies followed during
40 undergraduates who took part in the experiment were not significant-
T nt in the real and virtua! conditions. None of the participants transferred playing
s::a[eg es or practice fmm ore version of the game to the other. Scores were not affected
dies pursued by participants, the habit of playing games in th:e tra-
ditional manner or playmg vidsc games, or intelligence. Retrospective reports did not sup-

¢ differences in the subj@ctive experience between the two versions. Results showed
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2 is ‘oe ause of the situztions they simulate rather than because of features of
itseif.

ds: "GU“"I‘e strategies, individual differences, metacognition, play, practice
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THE PLAYING OF VIDEO GAMES has increased dramatically over the past 30
years, & fact that has encouraged researchers to study the behavioral, affective,
and cogaitive characteristics of the players. Video game users tend to prefer com-

b} rities, challenges, science fiction movies, reading books (McClure &
nd television viewing (Seinow, 1984). The playing of video
associated with high levels of aggression (Anderson & Ford,
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1986; Anderson & Morrow, 1995; Cooper & Mackie, 1986; Silvern &
Williamson, 1987), hostility (Schutte, Malouff, Post-Gorden, & Rodasta, 1988),
impulsivity (Lin & Lepper, 1987), and anger (Mehrabian & Wixen, 1986) and
with low levels of prosocial behavior (Chambers & Ascione, 1987; Van Schie &
Wiegman, 1997) and tolerance for frustration (Fling, Smith, Rodriguez, &
Thornton, 1992). Introverted people expressed a greater preference for video
games than did extroverted individuals (Barnett et al., 1997). Video game play-
ers scored higher on an Escape-Solitude Scale (a scale measuring the tendency
to abandon life-roles; Selnow, 1984) than infrequent players. Finally, habitual
video game players were found to be brighter McClure & Mears, 1984), and
practiced performance in video games was associated with psychomotor abilities
(Yuji, 1996) such as tracking (Bliss, Kennedy, Turnage, & Dunlap, 1991) and
with intelligence as measured by IQ tests (Rabbitt, Banerji, & Szymansky, 1989).

However, a crucial question does arise: Do these links between video game
playing and psychological dimensions depend—as often claimed (De Kerck-
hove, 1991; Greenfield, 1994; Herz, 1997; Provenzo, 1991; Turkle, 1984)—on
the features of the computer itself (interactivity, multisensory stimulation, imme-
diate feedback, and so on) or on the kind of games the computer allows one to
play? For instance, the association between video game playing and preferences
for competitive and challenging activities might depend on an inclination to test
personal abilities, an inclination that other games or media, not computer sup-
ported, might also satisfy. Aggressive traits might lead one to play video games
because of their content (which often concerns fights, murders, and so on) rather
than because of the intrinsic features of the computer.

The distinction between the effects produced by the interaction modalities
peculiar to video games and the effects produced by the kind of situations that
video games usually present—a distinction that as yet has not been adequately
investigated—concerns not only personality and emotional correlates of video
game playing but also cognitive and metacognitive skills. In this respect, we may
wonder, for example, whether the content of video games (which involves logic or
strategic operations) and not the specific computer-based video game interaction
format, might be the reason for the relationship between video games and thinking.

To understand the peculiar intellectual counterparts of video game use, we
need to separate the aspect of the content of a video game from the aspect of the
computer-supported nature (the format) of the video game itself. In this study we
compared two tasks with the same content experienced in a computer-supported
versus a non-computer traditional condition. We examined what happens when a
traditional game is played in a computer-supported version, which should allow
us to identify possible differences between the traditional and the computer-
based version of the game in the strategies followed during the game. We hoped
that our experiment might be an interesting benchmark to test the recurrent claim
that using computers to play games induces one to activate thinking processes
that are peculiar to that tool (De Kerckhove, 1991; Di Sessa, 2000; Herz, 1997;
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Provenzo, 1991; Turkle, 1984). This was the main goal of our present study.

We selected Pegopoiis, a game for which both a traditional and a computer
version were available. The two versions were the same except for the different
formats in which they could be played. That is, such a game can be played either
by moving pieces on a real beard or by moving pieces on a virtual, computer-pre-
sented beard. We wanted to verify whether the behavior, the strategies, and the
ititudes toward a game are significantly affected by the medium used to play it.
Er fact, if differences between the real and virtual version of the game emerge,
7 should be atiributed to the intrinsic features of the game setting because the
iwo versions have exactly the same conient.
1y should the peculiar features of the virtual version of Pegopolis affect
game plaving? The computer-based version of Pegopolis provides players with a

rontal perspective of the board, a more holistic view: All pieces can be siraulta-
necusly considered so that the best moves are easily identified and a general
sir ategic approach is prompted. Furthermore, the load needed by eye-hand coor-
sn processes and by motor control is reduced in computer interaction {play-
ers have simply 1o click on the piece to be moved) compared with the real game,
menial effort can be better focused on reasoning, and movements do not
vith cognitive activity.

Constraints (that is, rules about iliegal moves} are directly embedded in the
virtual Pegopoiis and an immediate feedback to each move is given: This releas-
es players from checking for the admissibility of the moves they perform. Also,
because moves are physically irreversible in virtual Pegopolis (i.e., once a move
formed, it is not possible to go back and perform a different move), a reflec-
tive attitude should be induced. Finally, the virtual version of the game should
enhance motivation because of the curiosity and novelty associated with the use
of a technological tool.

CM; scondary aims in the experiment were to assess differences between
the two versions of the game wlih reference to possible practice effects along tri-
als and ransfer effects from the real to the virtual version of the game and vice
. We were also interested in studying possible links between performances
2 real and virtual game and individual differences (gender, studies pursued,
ai game and video game playing habits). Finally, we investigated the
nships between behavior i the real and virtual Pegopolis and intelligence.
W ’e expected that high levels of cognitive ability would lead individuals tw acti-
vate the most efficient strategies to reach the goal of the game.

s

e

Aethod

Forty undergraduates (20 men and 20 women) took part voluntarily in the
experiment: 45% were students in humanities and 35% were in scientific disci-
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plines; 52.5% were game players and 47.5% were nonplayers; 47.5% were habit-
ual video game users and 52.5% were nonusers (the last two distinctions were
based on responses given in an interview and on the median of the distribution of
rates as the cutoff point).

We assigned the students randomly either to the real-virtual (R-V) or to the
virtual-real (V-R) condition so that gender, the kind of course attended, and tradi-
tional and video game habits were homogeneously distributed. Mean ages (respec-
tively, 23.1 and 23.4) were approximately the same in the R—V and V-R groups.

Materials

Pegopolis is a board game in which the board is divided into 37 squares; 36
pieces are arranged so that the central square is empty. The goal is to try, by piece
jumping, to remove as many pieces from the board as possible. You are only
allowed to move a piece from an occupied square to an unoccupied square, direct-
ly opposite, jumping over a piece to capture it. Only vertical and horizontal jump-
ing is allowed. Pieces can be moved only by jumping over another piece. The cap-
tured pieces are removed from the board. The game is over when there are no
more jumps available. It is not possible to modify an already performed jump.

In the real version, the game is played on a wooden board in which the 37
squares are delimited by horizontal and vertical lines; within each square there is
a hole in which a small peg is fitted. In the virtual version, the game is present-
ed on a computer screen reproducing the board with the pieces (from an aerial
perspective); by means of the computer mouse it is possible to select a piece and
to drag it to an empty square by jumping over an adjacent piece.

Procedure

We asked potential participants to take part in an experiment about differ-
ences in playing a solitaire game performed on a traditional and on a computer-
supported board. Participants were shown the board of the game and were asked
whether they knew that game; those who did were excluded from the study. We
preceded the trial session (which lasted about an hour) by individual interviews
with the participants concerning their leisure time activities. We asked them to
rate on a 3-point-scale how frequently and for what purposes they used a com-
puter; they were also asked to rate how frequently they played video games;
finally, we asked them to rate how frequently they spent time playing traditional
games (cards, chess, checkers, and so on).

Afterward they were presented instructions for Pegopolis. Four successive tri-
als were played according to the condition assigned: In the R-V condition, partic-
ipants played two Pegopolis trials with the real version and then two trials with the
virtual version; in the V-R condition, participants played the first two trials with
the virtual version and then two trials with the real version. There was no time limit.
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Azter the experiment, we asked participants to describe the strategies they had
n playing Pegopolis and their opinions about possible differences they found
n the *eal and the vrrt,m} V4 rsiml f the game. Finally, participants were
(1938), a culture-free

ence .eat, af‘C{)“de to he standard procedure devised for this instrument.

Resulis

We measured (in seconds) and recorded the time spent in each trial. During
the game we observed each participant and recorded each move. Moves were
ed either as central jumping or as peripheral jumping. Central jumping
was rmoving a piece so that it occupied an empty square situated in the 3 X 3 cen-
iral area of the board; peripheral jumping was moving a piece so that it occupied
an empty square outside such an area. At the end of each trial we counted the
nu;s.bez oz" pieces remaining on the board; they were classified either as central
thPy were located in the 3 X 3 central area of the board or as periph-
e*a’ resi d qais if they were located cutside this area.

Obv CJs!}, central moves are associated with a higher probability of success
i moves becaase the former and nnt the latte* pne ent pleces from

re

gic Qpproac‘x because they avoid the isolation {)f pieces which can never
be mewd,

Table 1 contains the values of the deper!de*v variables (computed by sum-
ing scorgs in each couple of trials) in the real and virtual versions of the
game. We carried out this analysis by including in the real version set of data
hie first two trials of the RV group and the third and fourth trials of the V-R
ind by including in the virtual version set of data the third and fourth tri-
12 R~V group and the first and second trials of the V-R group. {This
possible because of the fack of order effects.) The only significant differ-

zen the two versicns was the time used to play the game; the virtual

was played faster.

£l eml rzed order effects by assuming the number of trials as a within-sub-
p@dﬂf-t variable and the time spent. the number of jumps (total, central,
heral), and the number of residuals (total, central, and peripheral} as
dependent variables. A repeated-measure model of analysis of variance revealed
it differences among the first, second, third, and fourth trials. Nc dif-
the strategies undertaken between the two trials of the same (real or
virtual) cotple emerged. Finally, analyses revealed no transfer effects from the
real game (by summing scores of the first two trials of the R-V group) to the vir-
twal game {Dy summing scores of the third and fourth trials of the R-V group}

d vice versa (by summing, respectively, scores of the first and second irials of
' rcup and the third and fourth trials of the V-R group).

S:
8
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TABLE 1. Measures of Performance in the Pegopolis Game Under the Real
and Virtual Conditions
Condition

Performance Real Virtual
totals M SD M SD 1(39)
Time (seconds) 41032 21723 34164 13992 2.44%
Number of jumps 55.12 3.99 53.86 5.02 1.18
Number of central jumps 18.00 2.87 17.83 241 0.56
Number of peripheral

jumps 39.07 4.15 38.52 4.40 0.91
Number of residuals 13.99 3.63 15.07 4.14  -1.55
Number of central

residuals 4.03 1.98 3.85 1.78 0.62
Number of peripheral

residuals 11.03 3.12 12.65 289 -1.01
*p < 01,

Performances in Pegopolis were not significantly affected by gender [time:
#(38) =0.32, p =.75; number of central jumps: #(38) = 1.80, p = .08; number of
peripheral jumps: #38) = 1.91, p = .06; number of central residuals: #38) = 0.86,
p = .39; number of peripheral residuals: #(38) = 0.78, p = .44], course of study
{time: 2(38) = 1.05, p = .30; number of central jumps: #(38) = 0.68, p = .50; num-
ber of peripheral jumps: #(38) = 0.60, p = .55; number of central residuals: #(38) =
0.71, p = 48; number of peripheral residuals: #38) = 0.89, p = .38]; habits con-
cerning playing traditional games [time: #(38) = 1.55, p = .13; number of central
jumps: #(38) = .52, p = .60; number of peripheral jumps: #(38) = 0.35, p = .73;
number of central residuals: £38) = 0.26, p = .80; number of peripheral residuals:
1{(38) = 0.17, p = .86]; and habits concerning playing video games [time: #(38) =
1.41, p = .17; number of central jumps: #(38) = 0.09, p =.93; number of peripher-
al jumps: #38) = 0.35, p = .73; number of central residuals: #(38) = 1.22, p = .23;
number of peripheral residuals: #(38) = 1.42, p = .16].

No significant differences (as assessed by 1 tests not reported here for reasons
of space) emerged in the scores computed separately for each trial and those com-
puted by summing the scores, respectively, in the two real and in the two virtual
trials. Analyses revealed that general intelligence levels were not significantly dif-
ferent in men and women [#(38)= 1.59, p = .12], by humanities or scientific cours-
es of study [#(38) = 0.00, p = 1.00), or for the traditional game [#(38) = 1.76, p =
.09] or the video game [#(38) = 1.86, p = .07] players and nonplayers.

We divided the participants into two subsamples according to their perfor-
mances on the progressive matrices. We considered both the total score and the
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partial score in the series E of the test (that is, the most discriminative subscale).
According to each score, students were classified as of low or high intelligence
by assuming the median of the distribution of the scores as the cutoff point
(respectively, scores 52 and 7). Low and high intelligence participants—identi-
fied on the basis of the total progressive matrices scores—were not different
either in the overall measures computed by considering the four trials [time: #(38)
= 0.60, p = .55; number of central jumps: #(38) = 1.98, p = .06; number of
peripheral jumps: #(38)= 1.55, p = .13; number of central residuals: #(38) = 1.17,
p = .25; number of peripheral residuals: #(38) = 0.90, p = .33] or in any of the
measures recorded separately for the real and virtual version of the game. The
same was true when we classified the students as low or high in intelligence on
the basis of the scores recorded in the series E of the test.

No clear pattern of correlations between measures of the performance in the
game emerged (see Table 2), except for the fact that the number of moves was,
as is obvious, negatively associated with the number of residuals. Correlation
matrices (not reported) computed by considering separately the real and virtual
trials were approximately the same and did not differ from the matrix of scores
computed by considering all trials.

In the final interview, students reported that they had used the following strate-
gies: (a) playing without planning how to move the piece, (b) trying to clear the cor-
ners of the board, and (c¢) trying to move the pieces toward the center of the board.
A few participants described other strategies (e.g., trying to put pieces in adjacent
positions). Frequencies of participants who followed each of these strategies were
not significantly associated with their performances in the Pegopolis game, either
with the version (real or virtual) of the game or with individual differences (gender,
course of study, habitual playing of traditional games or video games).

When asked to identify possible differences between the real and virtual ver-
sions of the game, students reported, irrespective of the condition (R-V or V-R)
they were assigned to, that playing the game by means of the computer was eas-
ier (35% of the respondents) and faster (30%) than playing it on the wood board
and that the view offered by the computer was better (40%). No differences in
the emotional impact of the two versions of Pegopolis were reported.

Discussion

Results showed that no significant difference between the real and virtual
versions of Pegopolis emerged, except for the fact that playing the game with the
computer was faster and easier than playing it on the wooden board. Because per-
formances were analyzed using a within-subject experimental design, no effects
of individual characteristics should influence their performance in the game. For
instance, participants who were good at playing Pegopolis or who carried out
moves very quickly could show their skills in both the real and the virtual ver-
sion of the game.
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The numbers of jumps and of residuals were approximately the same in the
two conditions, and also the kind of jumping preferred by participants (ceniral or
pe?ipherai} s similar in the real and in the virtual game. Thus, our detailed
analysis of h participants’ behavior during the game did not support the notion
that plaving a game with the computer involves any differences compared with
the dadit)ur}al non-computer-supported setting, except for the fact that the com-
pater version reduced the time for moving the pieces.

No effect emergeé that might have been a result of the repeated experience
with the game across trials. We found no significant improvements or changes in
strategy when comparing performances in the four wrials, performances within each
couple of trials carried out with the same version of the game (real or virtual), or
performances in the first two trials (real or virtual) and in the second two trials (vir-
tual or real). Performance in Pegopolis does not seem to be affected by practice,
and no transfer from the real to the virtual game or vice versa occurred. It is possi-
ie that, over the four triais, detrimental effects arose, such as a fack of interest or
of motivation in the Iast trials because of repeated exposure tc the same game.

However, we noticed that none of the participants reached the goal of the
of the trials, so that they were always motivated to achieve better
e subsequent trials. Also, we were induced to exclude possible effects

nd on the basis of our observation of participants’ behavior. No students
stop the trials, appeared to get bored, or showed reduced interest in play-
opnhs on the contrary, the challenging features of the game were appre-
'.-s,ed—, and at the end of the experimental session several participants asked
ther it was possible to carry out further trials.
cmﬁf‘an' relationskip between Pegopolis scores and individ-
supported by the wide set of analyses carried cut. No vari-
able that we investi g..ted (gender, course of study, or the habitual playing of ire-
ditional games ;ﬂd video games} affecied performance. Pegopolis appears to be
a game in which previous experience with other games and video games has no
However, because of the design of this experiment, in which we used par-
its who had never played Pegopolis before, we could not assess the influ-
i the specific previous experience in playing Pegopolis might exert. Nev-
, Pegopolis seemed to be particularly relevant in highlighting possible
ecause of the spec fic format (traditional or computer supported) in

nie

in Lgenw, as measured by Raven’s (1938) Progressive Matrices, was nct
lirked 0 Pegopolis. More '3?301561}’ ne distinct pattern of association between

f the participant and game performance emerged when we
lered the real and the virtual versions separately. This finding leads us to
suspect that the relationship between intelligence and video game playing report-
ed in the literature depends on ti*e content of the game (which involves—Ilike
ma;‘y‘ Gtheh non-computer-supported games—thinking skills such as analyzing,
! 2, comparing) rather than cn the computer setting.

the »ogmtwe level
consi
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There might be questions about the power of the statistical tests we used to
assess the significance of the differences recorded in the study. We computed
power statistics for each ¢ test that we carried out both to compare mean scores
in the real and virtual conditions (paired samples) and to identify possible effects
of gender, course of study, traditional and video game habits, and intelligence
level (independent samples). We obtained values ranging from .41 to .73. These
values, though not very high, seem to be quite good. Thus, we maintain that the
lack of significant differences that we found was not due to the failure of statis-
tical tests.

Finally, the experiment casts doubt about the grounds of some links between
video game playing and thinking. In fact, a pure “computer effect” did not
emerge. Playing a game with the computer and playing the same game with tra-
ditional materials produced no differences either in the performance levels or in
the reasoning strategies that were followed. This lack of differences was also sup-
ported by retrospective reports by participants who did not notice relevant
changes in their experience when they moved from the real to the virtual version
of the game or vice versa.

Thus, converging evidence suggests that the relationships between video
games and intellectual variables do not depend on the characteristics of the com-
puter itself but on the features of the situations that the computer simulates.
However, we must not forget that this conclusion is grounded in the analysis of
only one kind of computer game; thus, it is possible that other video games
would give different results. Further studies might allow us to generalize the
present findings.

A second limitation of the experiment concerns features of the game we
used. The virtual version of Pegopolis does not take advantage of many opportu-
nities that the computer offers. To the extent that a video game does not benefit
from the most interesting and innovative features of the computer, it appears to
be of secondary importance to study the psychological changes that playing a
video game on the computer brings about. However, to the extent that a video
game shares unique features of the computer, it is difficult—perhaps impossi-
ble—to find an equivalent comparison condition useful to assess how the com-
puter specifically influences cognitive processes.

This is a dilemma that cannot be easily solved. We chose the equivalence of
conditions over the loss of the completeness and salience of the computer fea-
tures. We argue that this choice was useful to acquire some preliminary results
that lead us to conjecture that differences in cognitive and metacognitive process-
es are produced by the computer only if it opens opportunities that are com-
pletely different from traditional media, for instance by permitting one to per-
form actions and transformations which cannot be carried out in the physical
world (Antonietti & Cantoia, 2000); otherwise, as the literature about learning
suggests (Clark, 1983). it is unlikely that the computer experience will lead peo-
pie to think in qualitatively new ways.
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