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Abst ract

Thi s paper reviews proposed benefits of using ganes as cognitive
tool s, and discusses the conplexities of assessing those benefits. Use of
educational ganes to supplenent traditional classroomlectures is
purported by sone researchers to increase interest, notivation, and
retention, as well as to inprove higher order thinking and reasoning
skills. Assessnent of the effectiveness of ganes as cognitive tools is a
conpl ex issue, and several variables, such as |earner differences,

assessment methods, and inplicit know edge, must be consi dered.



Consi dering Ganes as Cognitive Tools 3

Consi dering Ganes as Cognitive Tools:

In Search of Effective "Edutai nnent"”

Play is a very serious matter....It is an expression of our
creativity; and creativity is at the very root of our ability to
| earn, to cope, and to becone whatever we may be. (Rogers &

Shar apan, 1994, p.1)

Fred Rogers, of the television show "M . Rogers' Nei ghborhood," knows
nmuch about children and play. And he seens to be correct when he states
that play is serious business; if nmillions of dollars in sales are a
valid indicator, the business of play is thriving. In 1995, educationa
conput er games conprised a significant portion of the rapidly grow ng
“edut ai nment” market. According to the Software Publishers Association
interactive children’s education is one of the fastest grow ng narket
segnents in the conmputer industry (Parets, 1995). Educational software is
the primary stimulus behind multinedia conputer purchases for the home
(Hisey, 1995), with sales of $600 nmillion for 1995 (Parets, 1995). Non-
conput er - based ganes marketed as havi ng an educati onal conponent
accounted for nore than $200 million in sales in 1994 (Hoover, 1995).

Wth educational ganmeware representing hundreds of millions of dollars
in sales each year, investors (parents, teachers, students, as well as
i nstructional designers) would be wise to consider the validity of
educational gamng. Can one nix a gane with a | esson and produce a
val uabl e educati onal tool ? Ganes marketed as bei ng educati onal often seem
to | ack obvious cognitive value, while many educational “toys” are

nei ther fun nor engagi ng.



Consi deri ng Ganes as Cognitive Tools 4

The purpose of this paper is to review proposed benefits of using
ganes as cognitive tools, and to discuss the conplexities in assessing
t hose benefits. Researchers propose nmany benefits fromthe use of
educational ganes, but the issue is conplex, and several variabl es nust
be considered in assessing their effectiveness (Bredeneier & Greenblat,
1981; Randel, Morris, Wetzel & Wiitehill, 1992; Sal onbn, 1993).

The paper is divided into three nain sections. The first section
defines termnology, citing the nmost commonly used definitions found in
the literature. The second section describes proposed benefits of
educati onal ganes, review ng issues of notivation, retention, higher
order skills, and effects of practice and feedback. The | ast section
di scusses several factors which nust be considered when attenpting to
neasure these proposed benefits, including issues of |earner differences,

assessnment methods, and inplicit know edge.

Definitions

What is a gane, anyway?

Ganes are classified i nto nunmerous, often overlapping, categories. A
sanmpling includes: adventure ganes, simnulation ganmes, conpetition ganes,
cooperati on ganes, progranm ng ganes, puzzle ganes, and busi ness
managenment ganes (Denpsey et al., 1993; Jacobs & Denpsey, 1993). It is
common for a gane to fit into nore than one group.

CGenerally, to be considered a game an activity must include severa
basi ¢ characteristics. The activity is usually a contest of physical or
mental skills and strengths, requiring the participant(s) to follow a
specific set of rules in order to attain a goal. Ganmes may invol ve an

el ement of chance or fantasy. A gane involves conpetition with others,
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with a conputer, or with oneself. Ganes can be instructional or not, they
can be interactive or not, and they can be conputer-based or not (Bright
& Harvey, 1984; Denpsey et al., 1994; Ml one, 1980).

CGood ganes are fun, intrinsically notivating, and offer just the right
amount of chall enge (Lepper & Mal one, 1987; Mal one, 1980; Ml one, 1983;
Mal one & Lepper, 1987; Mal ouf, 1988). Ganes which succeed in facilitating
| earni ng have the additional characteristic of inproving skills or
know edge.

Sinul ations, Mcroworlds, and Ganes

Simul ati ons and microworlds are related to games, and at tines exhibit
enough simlarities for these areas to be confused. Sinmulations and
m croworl ds may overlap with ganes, or exist in their own realns (see
Figure 1).

A simulation usually nodels a process or nechanismin a sinplified
"reality" and can be designed so that it differs little fromits real-
worl d counterpart. A comopn exanple is the use of training sinmulators for
flight training (Randel et al., 1992; Rieber, 1991). Sinulation ganes are
used nost often by the military and in business education (Denpsey et
al., 1993).

An exanpl e of an educational simulation gane is SinCity, in which the
pl ayer nmakes econonic decisions to build a conputer generated "city."
Results of the player's decisions, for good or bad, are displayed over a
simul ated period of several years (see Figure 2).

M croworl d designs are usually nore conceptual than sinulations. A
mcrowrld is also a sinplified environnent, but one in which |earners
(usually children) explore or manipulate the logic, rules, or

rel ati onshi ps of a nodel ed concept, as determi ned by the designer. The
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conput er | anguage, Logo, devel oped by Seynour Papert at MT (1980), is
per haps the best known exanple of a conmputer microworld (see Figure 3). A
mcroworld is usually thought of in terns of a cognitive tool, rather
than a training device (Brehner & Dorner, 1993; Edwards, 1991; Ri eber,
1991).

Cognitive Tools: Wiat is a tool and what nekes it cognitive?

A tool is an instrunent that a user nmmy operate and mani pul ate to nake
a process easier or nore productive. It may further be described as
cognitive when the tool assists constructive thinking (Pea, 1985).
Cognitive tools aid students in perforning conceptual operations
ot herwi se beyond their abilities. Learners becone better, nore
i ndependent thinkers when using effective cognitive tools, inasnuch as
cognitive tools pronmote and cultivate higher order thinking skills
(Sal onon, 1993).

Sal onon (1993) lists the four attributes of a cognitive tool as: (a)
an inplenent or device, such as a synbol system nental strategy or
conputer program (b) which entails the purpose for which it is designed
to serve, (c) serves functions beyond itself, and (d) is distinguished
from machi nes by the need for skillful operation throughout its function

Cogni ti ve Toys

Cognitive tools can reduce the need for |aborious activity and all ow
students to achieve goals they are already notivated to reach (Ml one &
Lepper, 1987). But what about goals which students are not notivated to
achi eve? Ganmes are generally assuned to rouse student interest and
notivation, so it should not be surprising that this format is used in an
attenpt to create | ess tedious |earning environnents. Many teachers and

researchers use ganes to suppl enent or replace traditional instruction
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but the educational effectiveness of such approaches has not been well
docunented (Randel et al., 1992).

Sonetimes the design of intrinsically notivating environnments requires
toys, rather than tools, that challenge |earners to use skills they would
not otherwi se be inclined to use (Mal one & Lepper, 1987). Mal one and
Lepper describe toys as objects that are used for their own sake, but
unli ke tools, toys are not used as a neans to achi eve an external goal
Wiile tools are usually nade for efficiency and reliability, toys are
often made to be challenging and difficult to use. Many activities can be
seen as toys or as tools, depending upon the manner in which the activity
i s approached.

Not all ganes, toys, mcroworlds or sinulations dubbed "educational"
are truly cognitive tools as defined by Pea (1985) or Sal onmon (1993).
However, for the purpose of this paper, the phrase "educati onal gane"
will be used to nean a gane, sinulation, mcrowrld or toy designed to be

used as a cognitive tool

Possi bl e Benefits of Educational Ganes

Research suggests that gaming in its various forns can notivate and
i nterest |learners (Denpsey, Lucassen, Glley & Rasnmussen, 1993; Denpsey,
Rasmussen & Lucassen, 1994; Jacobs & Denpsey, 1993; Lepper & Ml one,
1987; Mal one, 1980, 1983; Mal one & Lepper, 1987; WMl ouf, 1988), increase
retention of subject material (Denpsey et al., 1994; Jacobs & Denpsey,
1993; Pierfy, 1977), and inprove reasoning skills and higher order

t hi nki ng (Mayl and, 1990; Rieber, in press; Wod & Stewart, 1987).
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Stimul ati ng Motivation and |nterest

Use of a gane format for instruction does not always result in an
ef fective | earning environnent, as there are several variables involved
in creating a successful learning tool. The format shoul d be
intrinsically notivating, appropriately challenging, as well as offering
el ements of curiosity, fantasy and control (Malone, 1980, 1983; Ri eber
in press).

An activity which is intrinsically notivating is one in which a
| earner engages in for its own sake, w thout any external reward or
puni shnment (Mal one & Lepper, 1987). Mal one and Lepper's research on what
they considered "highly notivating" conputer games presented a theory of
intrinsically notivating instruction. However, as Mal one pointed out, his
research centered on what nade ganes fun, not necessarily on what nmde
t hem educati onal (Jacobs & Denpsey, 1993).

Lepper and Mal one's research suggests that activities which engage
the interest of the learner allows nore tine spent on the activity than
woul d be spent otherwi se, leading to better |earning of the instruction
and nore sustained interest in future encounters with the instructiona
content (Lepper & Malone, 1987). Longer tine on the task and increased
interest could lead to nore practice, nore automaticity of pattern
recognition, nore efficient retrieval of concepts, and better use of
basi ¢ know edge (Trabasso, 1987).

Gam ng el ements which often increase notivation include chall enge and
curiosity. Consistent with the Piagetian process of equilibration
(Piaget, 1951), these elenents encourage |earners to resolve conflict if
an answer seens possible and within reach, assunming it is presented in an

i nherently interesting context (Rieber, in press). Unfortunately,
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i nstructional gaming often relies on aspects of sensory curiosity that
nerely enbel lish, rather than enbody, instructional and nmetacognitive
goal s (Jacobs & Denpsey, 1993).

| nprovi ng Retention

Retention of the instructional naterial enbedded in educational ganes
is an inportant issue, one not always considered in gam ng research
There is sone evidence that ganme formats nmay i nprove retention of what is
| earned (Denpsey et al., 1993; Jacobs & Denpsey, 1993; Pierfy, 1977), but
the nost often cited ganming articles which discuss retention are not
recent.

Pierfy, in 1977, reviewed twenty two conparative sinulation ganing
st udi es and concl uded that sinmulations and ganes denonstrated greater
retention over time than conventional classroominstruction, with
students reporting nore interest in the game activities. Accunul ated
findi ngs suggested that students' learning with sinulation ganes was no
nore effective than with conventional classroominstruction. However, the
research al so suggested that ganes appeared to have an advantage when it
cane to retention of the learned information. In addition, the sinulation
ganes appeared to have an advantage over conventional instruction when it
cane to changing attitudes and hol di ng student interest (Denpsey et al.
1993; Jacobs & Denpsey, 1993; Pierfy, 1977).

Ef fects of Practice and Feedback

Educati onal ganes, especially those that are conputer-based, are often
designed in a drill and practice format, to the extent that sone
instructors grimy refer to themas "the old drill and kill." This fornat
may be overused, but devel opnent of cognitive skills often requires |ong

hours of practice with consistent feedback and it can be difficult to
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provi de those conditions within a traditional classroomsetting. Wl

desi gned computer ganes can be useful for consistent practice. However,
ganes, like any other activity, require an interesting context to prevent
students fromlosing interest and notivation (Wod & Stewart, 1987).

When desi gni ng ganes to provide practice, devel opers shoul d consider
results found when conparing behavi ori smand cognitive framework designs.
Gane designers operating under principles of behaviorismusually create
al nost error-proof practice, anticipating that total success would be
nost effective and notivating. Designers working under a cognitive
framewor k, however, have found that practice which evokes m sconceptions
about newy learned infornmation seens to stimulate |earners' interest
even nore than successful experience (Smth & Ragan, 1993).

Desi gners shoul d consider ways in which | earners m ght m sunderstand
| esson content, then design practice experiences which allow |learners to
di scover m sconceptions and correct them Good feedback can be presented
in many ways, for exanple, through text, graphics or sound. However it is
used, feedback is an essential elenent of practice for learners to
eval uate their progress agai nst an established game goal (Rieber, in
press; Smith & Ragan, 1993).

| nproving Higher Oder Skills

In addition to providing practice and sustaining |earner interest,
cognitive benefits of educational gam ng are supported by Piaget's
| earning theory. Gane formats provide opportunities for both play and
imtation, functions which serve as inportant acconmodati on and
assimlation strategies that Piaget (1951) considered essential to the
equi li bration process. Successful play can require extensive critica

t hi nki ng and probl emsolving skills (Rieber, in press).
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Si mul ati ons and ganmes nmay i nprove several types of cognitive |earning
strategi es. These include: organizational strategies (paying attention
sel f-eval uating, and self-nmonitoring), affective strategies (anxiety
reduction and sel f-encouragenent), nmenory strategies (grouping, inagery,
and structured review), and conpensatory strategi es (guessi ng neani ng
intelligently) (Jacobs & Denpsey, 1993; Oxford & Crookall, 1988).

Ganes which incorporate multinedia technol ogi es may i nprove ot her
aspects of higher order skills. Miltinedia is yet a relatively unexpl ored
area, touted as a nmany-faceted contributor to the devel opnent of
cognitive skills. As noted by Hi sey (1995), educational software is the
primary stinmulus behind multinmedia conputer purchases for the hone, with
ganmes conprising a |arge conponent of software considered for purchase
Mul ti nedia ganes may facilitate learning via structured discovery
(Borsook & Higgi nbone-Weat, 1992; Fontana, Dede, Wite & Cates, 1993),

i mproved student notivation (Fontana et al., 1993; Ml ouf, 1988; Pearson
Fol ske, Paul son & Burggraf, 1994; Smith, 1992), opportunities for
multiple learning styles (Fontana et al., 1993; Snith, 1992; Turner &

Di pinto, 1992; WIlson, 1991), navigation of web-like representations of
know edge (Fontana et al., 1993), |earner authoring of materials
(Gouzouasis, 1994; Turner & Dipinto, 1992), and collaborative inquiry
(Borsook & Higgi nbone-Wheat, 1992; Ellis, 1992; Fontana et al., 1993).

Sone sinulation ganmes are used to encourage skills in practica
reasoni ng. "Masterni nd" and the "Carnen Sandi ego" series are two very
di fferent exanples of games which nmay not actually teach logic, but offer
practice inusing it.

Mastermind is a reasoning puzzle, requiring players to guess the

position of different synbols, colors, or other game pieces (see Figure
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4). Players are given feedback based on guesses, and (with the occasiona
exception of a lucky guess) nust use logic to solve the puzzle. Wod
(1987) used Masternind as a training task in the use of logic, and found
a statistically significant decrease in reasoning errors after students
practiced with the gane.

Ganes in the Carnmen Sandi ego series, fanmliar to many cl assroons, are
pronoted as notivating instructional tools which encourage practice with
dat abases, as well as inprovenment of problemsolving and hi gher order
t hi nking skills (Mayl and, 1990).

W ebe and Martin (1994) conpared the | earning effects of the conputer
gane, "Were in the Wrld is Carnmen Sandi ego?" (see Figure 5), to a non-
conput er - based board-styl e geography gane. They found no significant
differences in recall of geography facts or attitudes between the
teachi ng nethods. The study did not, however, conpare the ganmes to

traditional classroominstruction

| ssues in Assessing Possible Benefits of Educational Ganes

The problemw th nmaki ng clains about the benefits a gane may offer as
a cognitive tool is that its effectiveness often cannot be directly or
easi |y neasured. Several variables nust be considered, not the |east of
which is the intended purpose of the gane, as well as the context in
which it is used.

How does one assess and conpare the "goodness" of one tool to another?
Is it possible to conpare a hammer to a wench? Certainly the value of a
tool must be judged based on its purpose, and its intended effects. Tools
are nade to serve different purposes, and their effects result froman

entire set of circunstances, activities, content, and interpersona



Consi deri ng Ganes as Cognitive Tools 13

processes taking place in the context in which the tools are used.
Cognitive tools nmust be eval uated according to the activities they
stinulate, and the abilities they foster (Salonon, 1979, 1993).

Learner Differences

| mportant considerations in assessing cognitive tools are the profiles
of the learners, including academc ability and personality type
(Bredenei er & Greenblat, 1981; Denpsey et al., 1993; Gardner, 1983;
Jacobs & Denpsey, 1993; Seginer, 1980). Educational psychol ogi sts do not
al ways agree on how to characterize learners' abilities, although
tradi tional acadenic conpetence is nbst comopnly associated with verba
and nmat hematical intelligences (Gardner, 1983). Research has suggested
varyi ng degrees of relationship between gaming ability and traditiona
academ c ability, perhaps due to the varying criteria used to deternine
the | evel of perfornance, as well as differences in the type of
performance required by different ganes (Bredeneier & Geenblat, 1981).

In a 1980 study of preadol escent boys in Israel, Seginer attenpted to

conpare gamng ability with traditional academ c conpetence. Seginer's
study suggested that gaming ability differs fromacadenmc ability in at
| east three respects: (a) successful ganing strategies nmay require the
ability to perceive relationships rather than command | anguage, (b)
cognitive processes involved in gamng nmay be nore independent from self-
perceptions of confidence and control, and (c) gaming is not directly
af fected by social background or status (Denpsey et al., 1994; Jacobs &
Denpsey, 1993; Seginer, 1980).

I f Seginer's conclusions are correct, our expectations and traditiona

net hods of assessment may need a change of perspective. In particular
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gam ng nay be an effective tool for teaching disadvantaged students whose
| anguage skills are not well devel oped.

Anot her difficulty in sinulation-gan ng assessnent has been the
tendency for researchers to ignore differences anong individual students
with regard to their personality types, or cognitive styles. Personality
types are not a credible subject to some psychol ogi sts, but the fact
remai ns that sone students learn fromganes while others do not. Many
researchers erroneously treat these individual differences as statistica
vari ance instead of considering their effect on gane outcones (Bredeneier
& Greenblat, 1981).

Characteristics of |learners, such as the preference to work in a group
or alone, can affect their experience with a gane, especially when the
gane is designed with a very open structure. The nore control a student
has over the gane, the nore likely it will be that a student's
personality or style will affect the outcone. Inconsistent findings of
research in gamng outcones nay be in part a result of these individua
| earner characteristics (Bredeneier & Greenblat, 1981).

Potential users or purchasers of educational ganmeware shoul d consi der
t hat any concl usi ons suggested by research studi es about effectiveness of
an educational gane is relevant to that research group in that group's
context. Individuals do have learning preferences. If a |learner is not
confortable in a given environnent, it cannot be expected that he or she
will learn as well there as in an environment which they prefer

Assessnent Met hods

Assessnent nethods and administration are also conplex issues which
may confuse efforts to neasure the value of educational ganes. A long

list of questions have been rai sed about gam ng assessnent, and these
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i nclude, but are not linmted to: use of inappropriate neasurenent

i nstrunments, using the sanme pre- and post-tests with only a short tine

i nterval between them studies not long in duration show ng possible

Hawt horne effect, bias resulting fromevaluating one's own gane, and bias
i ntroduced during debriefing of subjects after the ganme (Bredeneier &
Greenbl at, 1981; Randel et al., 1992; Sal onon, 1993).

Measures used to denonstrate the |learning effects of a gane need
careful consideration. Instructional objectives of a gane are often not
specified, especially in social sciences sinulations (Randel et al.
1992). A test for effectiveness needs to match what the game is teaching
to avoid nisleading results (Sal onon, 1993).

Inplicit Know edge: How do we know what is | earned?

Finally, the nost difficult issue in the assessment of ganes as
cognitive tools is that ganes may be environnents which foster the
| earning of inplicit know edge. Inplicit |earning occurs when a subject
is not consciously intending to learn, is not aware of what they have
| earned, and yet they acquire new know edge (Ki hlstrom 1994). Inplicit
know edge is not necessarily reflected in people's ability to answer
written questions, since they are not al ways consciously aware of what
they have learned (Berry & Dienes, 1993). Learners often can not
describe or readily denonstrate the benefits received froman activity,
even when real benefits are achieved (Berry & Dienes, 1993; Kihlstrom
1994; Reber, 1993). As noted previously when discussing Seginer's work on
gam ng ability, students in sinulation situations often devel op and use
successful strategies that they cannot verbalize (Seginer, 1980).

Literature on inplicit and explicit learning is conplex, and other

i ssues confound research findings. Factors such as stress or anxi ety may
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affect explicit directions, positively or negatively. Inplicit and
explicit learning may be interactional, and conplex skills are nost
likely a conbination of these types of know edge (Reber, 1993). Inplicit
| earning presents a challenge to the researcher, since it must be
determ ned how the | earner can denonstrate new know edge or skills in

order to nake appropriate assessments.

Concl usi ons

Educati onal ganes nay offer a wide variety of benefits. Increases in
interest and notivation, as well as inprovenment of retention and hi gher
order thinking skills are worthwhile goals for an instructional tool

However, several factors nmust be considered in the design of an
educational gane, and in the design of its assessnent. Researchers nust
be careful with their methods, and admi nister the gane as well as the
assessment in an appropriate manner. |nstructional objectives of the gane
nust be clear, and nmatched to the assessnent tool. Assessnments should
consi der individual personality types and cognitive styles, and carefully
consi der how the | earner can denonstrate what they nay have gai ned from

the activity.
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Fi gure Captions

Fiqure 1. Possible nodel of interrelationship between m croworlds,

si mul ati ons, and ganes.

Fiqure 2. Screen capture of conputer-based sinulation game, SinCity.

Fiqure 3. Screen capture of a Macintosh Logo program Logo 2.0, one of

several versions of Logo avail abl e.

Figure 4. Screen capture of a version of the Masterm nd puzzle.

Figure 5. Screen capture of a ganme in the Carnmen Sandi ego series, "Were

in Tine is Carnmen Sandi ego."
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Conceptual and Cogritive

Psychomotor
Involvement |nviolverment
Low W2 Wo,, High

7,‘,{ Most research Low

High
seems to concentrate
in these areas
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emo City
1980 Budget
May 1980

Property Taxes

City Ordinances

Bond Payments

Police Department %100 .’-
Fire Department %100 .’-

Health & Welfare %100 .(-

Education % 100 [=

Transit Authority %100 (=

141
$335
$957,171
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L] MasterMind
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Where in Time is Carmen Sandiego?™

In the late 19th century,
liberal ideas entered
Mezxico, which resulted in
independence from Spain.
The Mexican Revolution
was initiated by Father

Hidalgo.




