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A science education game, calied ¥"Challenge," was
In 3 coursze designed tc revieux the concepts

that are usefsl in teaching elementary school science, one group of
black graduate student.; used the game while a control group used the
conventional lecture-discussion format. The gJaae was designed to
allow the player an opportunity to relate his krowledge of science to

elementary classroom sitvations.

A role-playing derign vas used to

give the students practice in expressing sclentific concepts using
their ovn words. The results of anilysis of variatce compar_sons
indicated that the experimental gaming qroup had significantly
superior posttest results in achievement in science, attitude toward
science, confidence in science, and in the leataing of the speciiic
concepts that were taught in the game. It was found that individual
personality and background charzcteristics could differentially
predict the posttest neasures and that low achievecs in science
benefited 2ost fror the gaming stratedy. Their achiovenent posttest
scol.es te”rly matched those of tha high achiovemeat group. Thkus, the
learning game reduced differences in achievemoart that were detected
on the pretest while raising the achievement mean £or the entire

group. ({(J/Y)
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ABSTRACT - continued

group used a traditional lecture-discussion approach, while the
experimental group used a learning game.

The game is designed to allow the player the opportunity of
re ating his knowledge of science to the elementary <lassroom
situation. A role playing design is used which glves concepts
in their own words,

The vesults of analysis of variance comparisons indicated signifi-
cantly superior posttest results in achievement in science, attitude
toward science, confidence in science, and the learning of specific
concepts taught in the game for the experimental gaming group, as
compared to the lecture-discussion control group. Means on the pre-
test scores of the two groups were corpared and found not to differ
significantly. High and low groups were identified for hoth the
experimental and control treatments on the basis uf the'r pretest
measures of achievement in science. Stepwise multinle regression
analyses were performed for these four classi‘ications and i1lus-
trated that individual personality and background characteristics
could different.ially predict the post measures. It was found that
the low achievers in science benefited most from the gaming strategy;
thefr achievement positest scares nearly matched those of the high
achtevement group. Th2 learning game used in this study thus acted
to reduce the difference in achievement cetected on the oretest,
while raising the achievement mean score for the entire group.

The results suggest that a learning game of this type may be

; + effective agent in providing a learning environnent that fosters
growth in both the cognitive and affective domains.

T ———— .
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A STUDY OF THC COGNITIVE AND AFFECTIVE OUTCOMES OF
A COLLEGIATE SCIENCE LEARNING GAME

ABSTRACT

The objective o this study was to determine the effect of
playing a science education game on ti.e cognitive and affective pro-
cesses of black graduate students at Florida A. and M. University.

The offects measured were changes in attitude toward science, general

confidence in mastery of science, general achievement on science, and

mastery of specific scientific concepts. The usefulness of backgroﬁnd
and personality variables in predicting success in tne two treatments

was also investigated. ‘

The subjects were 78 teachers enrolled in two graduate level
science education courses during the summer quarter, 1970. One class
servgd as a control group, the other as the experimental group. Approxi-
mately half of the quarter was devoted to the review of sciance content.
Ouring tﬁis period the control group used a traditional lecture-discussion
approach, while the experimental group used a tearning game.

The game is designed to allow the player the opportunity of
relating his knowledge of Science to the elementary classroom situation.

A role playing design is u.ed which gives concepts in their own words.
The results of analysis of variance comparisons indicated signifi-

cantly superior posttest results in achievement in science, attitude
ii
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ABSTRACT - continued

toward science, confidence in gcience, and the learning of specific
concepts taught in the §ame for the experimental gaming group, as
compared to the lecture-discussion control group. Means on tkz pre-
test scores of the t.i0 groups were comparediand found not to differ
significantly., High and low groups were identified for both the
experimental and control treatments on the basis of their pretest
measures of achievement in science. Stepwise multiple regression
analyses were performed for these four classifications and 11lus-
trated that individual personality and background characteristics
could differentially pradict the post measures. 1iv was found that
the low achievers in science benefited most from the gaming strategy;
thefr achievement posttest scores nearly matched those of the high
achievement group. The learning game used in this study thus acted
to reduce the difference in achievement détected on tha pretest,
while réising the achievement mean score for the entire group.

The resylts suggest that a learning game of this type ny be
an effective agent fn providing a leaning environment that fosters

growfh in both the cognitive and affective domains.
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CHAPTTR I
STATEMENT OF THE PROBLEM

Ba d for the d

A widespread disillusionment with traditional teaching methods
seems to be a central theme in today's student unrest. Smith (196%)
reports that at all levels of instruction, educators are discouraged
by the apathy and listlessness of their students, and by the alarming
number who dropout of the educational system. These dropoutc often
report that their school éﬁperiences seemed irrelevant to the issues
and §rob1ems that tney face.

‘ The educational worl. must face the realization Ehat tamorrow
will be characterized by rapid change, by an explosion of knowledge,
and by new technological developments that are likely to make much of
what we learn in today's schocls obsolete by the fime‘it is applied.
Marshall McLuhan (1964) sﬁggeéts that the hatﬁre of éénsciousness is
changing>as a funcii&ﬁ of technology, and that the future generations
may be so.diffeféni‘ihat téénsmission of ideas between generations

. L. rao T . . t
may be very difficult. Many educatore are beginning to raise serious

S

" doubts about the value of préseht curricule, media,.and presentation

ﬁethodoloéy 1nhﬁaét{n3 the(challengeévof éhe future;

v
’

7 Raser (1969) éoidis.out thac new goals for educétion are
appeariné which nsk‘ﬁues;tonsﬂas: Hoc'do péQplé‘ieaEh? Nﬁat will
the fufdre be like? . What eddéatfdaal éxpefiénceéushoﬁld Bé provided

1

14 <t



2
our ycuth to}nourlsh there futuristic attributes? Rasgr contends
that the mind s &n instrument to be developed, not a bin to be filled.
He further emphasizes engagement as a nucleus of educa,ional experiences

that result in "real' learning. Raser states that in the’auwtimaced,

csbernated world of the future the grasp of complex systems will be the

* most relevant skiil and thet the student must view the jyorld as a

. dynanic proceps, not 4s a series of static events.

Objective of the Study

This study was conducted to determlne the e‘fect thé playing
of a sclence educltion game had on the cognltlve and affective processes

of ‘lack 3raduate students at Florida A & M Unlverslty. A concurrert

treatment froup using & lecture-dlscusslcn format was used as the

S

contrql.
The Use of Teaching Games ia

[ R

A Strategx of Instructlo

Lcsrnln; galcc have been caat in the role of nchlevtng all of

N

’theae new goala for educatlon. Gaulng ls, in essence, a process of

learnlng to learn.k The llterature ta full of educators who cdvocate

BT

the use of acade-lc 8.!!! in the claslroon--nrnndes (1954), Carlson

R N N P L

(196‘), Durren (1967), Johnaon (1960), Oagood (1957), Phillips (1967).

XY SN

Vivian (1963), Ha;ncr (1959), and Hlns (19&8) _ The great mnjortty of

N peoplc vho hava plcyed or Adnlnlstered learnlng ganes regort that they

crcnte intonlc involvo-nnt and -otlvatlon. Learntng ganes further

LN '
= i

fccul on prococl and lylth bchavtpr rathor thun on -nall detalla.

L)J,-f "; .-4'. bo B TAvE S
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Alger (1963) surveyed the use of the Internation Simulation
(INS) at the collzge level and provlded the following list of claims
for the gﬁming technlque:<

1. ‘Simulstion (or>gamlng) heightens tlie interest and motivation

of students in several ways. 1t is stimulating, ‘nvolvirg,

provices a shared experience as a basis for later discussions,

and 18 a catalytic agent, pcoviding students with objectives

for sharing backgrcund information.

2. Simulation offers an opporthnity for applying agl testing
.knowledge gained from teadlng and other experiences,

3. Participation (as a decision-maker, for example) gives the
student insight, empathy, and a greater understanding of
the world as seen and gxpe;tenced by real decision-makers.
4, Most simulations provide & simplified "world" that {s
easier for the participant to comprehend as a whole than are
the real institutions being represented (1963, p. 152).

. An interesting charactetisttc of lgarning ganes is that they
often can be played in an intelle~tually rewarding manner by students
of varied blgkgfouan. Ten year olds and graduate students have
piayed INS with equally satisfyiug results. Bruner (1960) has said:

It can be demonstrated that fifth-grade children can play
mathematical games with rules modeled on 'iighly advanced
mathematics; indeed tkey can arrive at these rules inductively
and learn how to work with them (1960, p. 69).

Grade; uge,yihd {ntellectual factors are thought to be much

.leis'éfltlcnl in thé pla& of ifgihé, as céﬁéfnated with conventional

‘ :;Eéricll. Thll lpbrocch thus can be thought of as a form of

wdy

'individuallzed 1nstructlon, nuch the same as self- -study sequences or

> LI R O

coaputer-alllsted problea lolvlng. Hlng (1968) creator of two games

. T h - . . el
in uhlch s conputcr provldce thc cnvlronncnt vithin which the student
{« b=a PO N

plcy- a toln, n'suu thct lndlvlducuntion 1- a key factor in the

oy ey (R0

succenl of & 31-0. Studlol o. the type eonducted ln thls 1nvestlgctlon

EMC" él’,”lfl.v.‘.‘x‘ 2254 fi‘:t!"*'{ ap e juz,d _::-.;,'"_5-,?.1! kY T P S

ff‘G



4 |
are indicated to determine the type of individual that benefits from - -
the learning game and under what conditions.

Boocoék and Schild (1968) view games.as a pcs;igle bridge to

span the learn{pg gap betwcen the qnpuccessfgl student and hiis more
successful p 'rs. Thcy fnclude the dnderachlever, the nonmotivated,
the cultufally deprived, the inner city{ and various other types of
problem studen;s in this category. They point out most innovations in ;
teaching have been unasle to close the gap; on the contrary, they cften
provide the able student with additional topls with which he can mo-
even further ahead of hia peers. Blaxall (1965) gives instances of
learning break-;hroughs,»uheh a previously withdrawn, untesponsive,
non-achieving, or tréuﬁl?-making student comes alive in a gaming
sessién and proves hingelf sdrprisiﬁgly active and effective 1. planning
sténtegf;' Boocock (1968), Inbar (1965), and Cohen (1964) report
empirical évidenée that nppelra to show that_che relationship between
learning in a game situation and performance in the conventional school
setting is vefy weak, _?hql ga!gq‘na} provide . different way of learn-
ing and in combination vﬁthic?qvéntiqhn‘ ggthodsvnaj decrease the |
variance of qghieyqupt‘(yithgu;‘Q;c;elpingithg mean) .

e ?he gogu!ntion qf.;hil inyel;lgnt}on_con;nined a ilrge nunber -
of blnck tencherl thnt vere undnr-gchiavnrl in the uciencen. Pettigrev
(1964) offerl 4 reason why tlupe under-uhianrl may do w.u in the | ' ;
gaming 9“?3F°F?‘EF', ?, ?3':?P°?P thl. unfuccqguful ltudentl vy ncceétb |
thc iofe‘of fnilure and davnlop‘a hPt!cholosicnl set uhich uakes them
continue';o q? yoorly.‘ Tho game may hrenk thil let nnd thus the obli-

3‘9}9“,E9Yff}k' lottor (1966). Soonln (1993), lnd Colennn (1966) report

Sy ‘

“gigqence thét‘qupports thq view ;ha; bchavia, in general and 1e;rnin; ia

:"?1,7_{ 4 !
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particulsr is st-ongly affected bf the individual’s sense of control
of his own destiny. Bruner (1966) describes below the possible long-
term benefits that a series of gam:s may have on a person's outlook

towards life:

. « « firsr of all an attitude in which the child learns that the
outcomes of various rctivities are not as extreme as ke efiher
hoped or feared . . . . In time, the at.itude of play is con-
verted intu what may best be called a game attitude, fn which
the child gets a sense not only thai congsequences aré  imited
but that the limftations come by virtue of rules that govern a
procedure, whether ft be checkers or arthmetic, or haseball '

- (1966, p. 134-145).

The Rvolution of Play and Games

Play, according to Plaget (1967), is an imaginary imitative
activity that serves as a primary soclalizing {nfluence on children.
Play becomes a game when formal rules or constraints are addeé and a
syst:n of rewards cr payoffs is presént. Learning games are a modern
hybrid used by educators to motivate students and instill desired
behaviors. ' |

.»Hqiztngl (1950) in his classic book "Homo Ludens" describes

man as ¢ playing animal. He suggests that play 18 a type of self-
conceived activicy that needs little outeide Justification for its

existence. Play is thus {ts own reward in this theory. He goes on to
e . I B e R R ‘ - N

100
speculate that nearly all man's activities are related to play. Man

bas, aqqogQidg to Ett»reggqqtng,y{orgo;ten that we are just playing

scmevhere in his evolution and is desperately searchfng for meaning
T T R R AN I 1 R A S T R T S A S A A S R

3T

" in daily events, many wvhich hnﬁf no significance other than their own
N . . AU ‘_‘ s, v i - L

existence, iorng (1964) in his book "Games People Play" also develops

a theory of play, but wuch differeat from that of Hut:tngu'o.' Berne

—

" refers to the destructive manipulation of self and others as the games

181
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we play. People play these gdmea because of their inability or un-
~willingness to .face life in i mature manner. These contrasting notfons
of play serve to {llustrzte the idea that the concept has many
dimens{ons. A single theory of play or gaming is thus likely to be =
gross overstmp}ification; \

!
Most experts trace the beginaing of formal games and simula-

tions to the war games. Chess is an example of this type of game that
’ was‘prébablf dseigned by noblemen to entertain themselves while bruch-
ing up on their military strategy. Raser (1969) points out that the
more sophisticated modern games owe the.: pétency to the techniques
derived {rom small-group experimentation, decision theory, and systems
analysis.

| Raser (1969) makes the observatfon that the terms simulation
and game have often been used iq:grchqngelblyﬂin the literature. He
feels the following distinction shovld be made:

The more explicit is he "operating model," that is, the greater
the extent to which all the seemingly salieat variables are formally
preprogrammed and the more it is believed that the model is a ,
complete and accurate analogue to some ''referent' system, the more

., likely 1t is that the model will be called a simulation. On the
other hand, the mora informal and tentative the model and the wmore

. it relies on human participation as an intrinsic component in its
operation, the more llkely 1t will be called a gaua (1969, p. x).

o Huizlngu‘l deflnitlon of a gune delcribel 1t| more general

:lpectc uhen e detcrlbea T I

> A voluntlry letlvlty or occupltxon executed vithln certuln fixed
. limits of time and place, according to rules freely accepted
 but absolutely binding, having its aim in itself and accompanied
by a feeling of tersion, joy, and concclouaneao ‘that 18 different
fro- ordinlry life (1950, p. 28).

¥ “ W [ M LRETR ] .~
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With a distinction made betwéen a-slmulatlon and a game, there still
remains tne task of relating game theory to the scheme, T1his has been
done skillfully by Brody (1963):

The Theory of Games (''Game Theory'") provides a mecans of describing
the scrategic behavior of one or more actors who have t~ make
choices in conflict situations (games) in which the payoffs
(potential outcomes) are a function of the choices made by all
_parties to the confliict. The Gare Theory model is normative, in
that it prescribes the choice or combination of choices which lead
to the best payoff under the circumstai.ces of a:given comriict
situation. The theory. moreover, postulates a 'rational' actor
who will always follow this best strategy. A political game
(or simulation) is an operating modzl which represents an attempt .
on the part of the theorist, through the representation of an
empirical system to provide himse.f with information about real
states of the system (1963, p. 211-212).

From the above clarifications it can be seen that Game Theory is a set
of mathematical tocls for dealing with discrete types of conflict
situations. learning games ard simulations, in contrast, are attempts
by theorists to fabricate operational models of physical and social
systema;
Abt (1969), a pioneer in the field of gaming, distinguishes
three types of formal games:
| 1. showdown-where each player exhibits his best physical or
mental performance and luck without interference fromn any
. othar player, and the results are compared
-, 2, sgtrategy-in shich opposed players interfere with each other

3.. combination-games incorporating strategies exchanges pre-
. liminary to showdowns

- Bducational games may take any of the above forms. Chance is typically

_ used to eimulate urcertainty in the referent system. Abt (1969, p, 77)

’iﬁatel‘that eaucattongl ;n-ei -A} alioybovzlnsltfted as skill, chance,

fiiltfy;‘o¥‘fanfaay deééhdtné;ﬁn the gunh’laemphasts. In ga;ea of

skill the vinner fs said to §ohdeiefntnad by his relative cnpabiltttea.

[ H - P
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Skill games tend co reward achievement and i{ndividual initiative., It
is also poin;ed out that.they may have a negative value in that they
may discoﬁrage slow learners and show up their inequalities. in games
of chance Abt (1969) states that the playe:'s capabilities have no
bearing on thevoutcome. He doeg say that they have anjeducational
value since they may show the limitations of effort and skill. This
may have the.effect of humbling the overachievers and encouraging the
underabhievers.. Chance games are said to be must popular with slum
populations, most of which are probably underachievers. Chance games
also have the negative effecta of encouraging magical thinking and
passivity. Abt (1969, p, 77) says that reality games are really
simulations of real world operations. They teach the student structural
relationships and exploit the student's craving for aduit reality.
Abt (1969, p. 77) makes the afatement that these games may tend to make
students rcver impressed with the pradictability of everts. Fantasy
games are the last classification used by Abt and include activities
like dancing and skiing which give ewotional uplift and stimulate the
lm&ginatiqy, bq; !:e>loy\£q_cognit£vg va}uq.A.
This investténtor has observea that educators usually construct

.retlity games uf thivafrntegic type. This is a result of their'inue
ayatén lnq_no; due to the range of poauﬁh@{;t.ea qf‘thg gaing

N technique.

PR ts NN I X BRI E

SRV Boocock and Schild (1968) feel thnt lenrning games for class-
R N SR I
roon use have ;one through three diatinct stngea of development. The
11‘ [ 2 .
- first ph.se they cnll .ccoptance on fnith. During this period socinl

,xla..'-\-» LRI N LS AR

scientinta were said to h.vc discovered gnning as an innovnttve -

'5‘.'.-_“ “};J;Q.“J ““ P ‘x IR A S A RN

. experiencc for the clasaroom. Mary gemes were deatgned and fleld tested
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durxng this period of enthusiasm. This phase was said qo 2nd about

- ' ‘1963 and it did not produze nuch hard evidence to support the claims
E -for the t*chuique.‘ The second phase, post-honeymoon, ran from 1963-
} 1965 and was characterized by researcherg attempting to conduct
controlled experimenta4with games. Boocock and Schild describe the
I results of these expe: .ments, generallylluconclusive, as a sobering
experience for reseavchers. The reality that contemporary games had
] many flaws ani were .not a panacea for education became known. These

| scientists also repo>rted that present measvrement t00ls Were not

adequate to measure the impact of games.

j Two general attitudes soon developed concerning the direction
learning game research should follow. Thorelli and Graves (1964)

] represented one group that felt the working hypothesis that ganes do

) teach should be maintained. Cherryhold (1966) recommended, however.

a retreat from the original hypothesis that games can teach better than
J conventional materials. He sees the technique &s more of a motivational
] device for change of attitudes,

Boocock and Schild call the third phase realistic optimism.

] It began {n 1965 and extends to date. During this period games wrre
field tested in a wide variety of educational settings and a pool of
[! data concerning learning effects was gathered. From these finiings

l - came a more justified optimism, according to these authors.

L T R e BN W o

Research on_the Bffects of

l Learning Gemes T

2R

l conflrn thelr fcellngc. lurgeql {1969) conducted s atudy using games

Hhtlc 'y nu-b‘v of educators have cllil.d beneficial results

'from the ule of gnnoo, there ~| a acarcity of experlnental research to

\
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as a strategy to Iimprove the learning of mathematics and the attitudes
toward mathematics of low achieving secondary students. Fmploying a
control group which used paper and gencil materials, Burgess reports
a significant difference Ln favor of the game group on attitudinal
measures, but did not fiﬁd statistical superiority in achievement.
" Certain p#rts pf the achievement measure favored the experi@ental and
.other parts the control groups, which led the investigator to speculate
that some of his games were more effective.than others. Burgess further
advanced the ides that games may be morxe appropriate for certain types
of conceptual learning.

- Allen (1968) used a logic-symbol game to tuild problem solving
ability In a clase of summer school students. He used a pretest and
posttest design with scores on the California Test of Mental Maturity
as the criterion. He used a group of students from the following

. regular school year as hgs contrél. The resuits, based on the
difference scores, 1ndtcgted a inuch more favorable change on the part.
of the game group. Allen éoncluied that his game had indeed signifi-
cantly enhanced the problem solving ability of the class. Campbell
ard Stanley (1966) have ﬁointed out that designs of this kind often

|1nggodpqe differences in waturation, history ound selection and might
not in these cases represent real Lreatment effects.
Wirg (1968) used two coupﬁter-baned games (Sumerian and Sierra
‘Leonebcame) to teach e;ononics to sixth grade students. Reporting that

' sixth ﬁr;&g;s‘upré Flplb}! 9f‘progrﬁgg}n; through the program with

ittls assistance, Wing aleo states that pupil intercst was high for
. ,.stif,yig!ei #1fteen hours of instruction, Using & pretest and posttest

ERIC

rorecrosieio enc) . )
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design with concurreat control and e:pcrimental grouﬁs,;wlng (1968)
concludes wltﬁ respect to learning:

Although the only statistically significant difference is the one
pertaining’ to the larger gain of the experimental group in respect
to the Sumgrian Game, tlie total of the data seem to impose a
cautious conclusion; thkat no difference in amount of learning was
demonstrated. Insofar as these data go, no claim to superiority
can be made either by the computer game technique or by the con-
ventional classr.om methcd of instruction (1968, p. 161).

We have a different result uhén we compare time 1nvestep per pupil on

- instruction. The ezperimental group usge: about vne half the Lime

expended by the control. Sn the computer game was judged more efficient.
Two studies by Humphrey (1%65 and 1966) uced games to teach

language skilis and number concepts to primary aged students. 1In the

first, Humphfey used workwork exercises aé the alternate treatment to

teaching language ckills. ‘Thla investigator reports that the active

game ﬁedlum préduced greater changes, but not at a significant level.

In the second c¢xperiment Humphrey used a game with first grade children

to teach number concepts. He used a pretest-posttest Jesign wi'.hout

a control group. He réports the median sc;re roge sufficiently to A

indicate a significant difference (p< .001). Without the control

group all that can be said is that it nppeafs that the children acquired

' nuabe - concepts by playing games.

Boozock (1968) conducted two games which simulated real life
situations at & 4-H convention. She assigned the gtudents to two

groups in a random manner. One group played the Legislative Game,

"and the other the Life Career Game. A questionnaire was administered

" before and after the gaming seesions, - The questionnaires were

" fAn'l‘ntomd 1n'_|iach & way that euch group served as a control for the:

other. . Poog:o'ek“dlld pot £ind wany -i;nlficcnt differences in her data

24 t4
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She found evidence that factual learning resulted from playing the
Life Career Game and there was a tendercy toward a liberalization of
attitudes toward politics after playing the Yegislative Game, She
comments: ' ‘ ' ' ,
- The over-all imbression one gets from this experiment {s that
a good deal of learaing can occur in simulation games nf this
jort and the experiment supports a baasic tenet of the philosophy
nf educational gaming, that students can kave fun and learn at
the same time (1968, p. 87)..

Taker (1968) also conducted a study that comparéd achievement
in American history between two of_htg classes, one taught by gaming
and the other bf a text, The classes were said co be matched at the
start of the study. After fifteen class periods he gave both gioups
an acnlevement test, and found that the group scores of the gaming

class were significantly higher. He also reports a significant

increase (p<{.01) on an attitude score for the garing group, Details

‘> of the administration of the experiment weve not g’ven and it is

dlfficult for the reader to appraise the generalizability of the
investlgntion. 1

R R T R S TIRE T PR DA :
The need ior research into

v

he effe¢t of pames | -

From the above studies no conclusive trend can be fcund that
indicates that games do indeed teach intellectual and content skills

in a inerslty of applications. It is a plausible hypothesis that the

_characteristics of the learner and the content to be learned may play
fn.slgnificant iole'lﬁ the effectivenesa of a geawe, . The charlcteristics
' of thc lll‘ 1tscl£ -uy aleo bo . critical factor. Many educatoxa have

. cpuculatcd that the ulti-nte Appllcation of games vill be thelr adeption

a- r!: of -nny appronchec coorﬂinnted in nn inltructional system,

o5 il
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For this day to arrive much research will be requived that determines

the role of gemes in the learn! g environment. Boocock (1968)

summarizes this need when she ststes:

One of the major unsolved (though researched) issues in the field
_of simularion gaming concerns the type and effectiveness of the
' learning produced. While most researchers arc agreed on the
power of sucb ganes to interest and motivate studenis, there is
disagreement over whether games also teach intellectual coatent

and skills (1968, p. 107)

Ciao sven o The Proposed Study

RTINS ST

Purpose of the studx 4

LT o Qi
. As indicated by the research 1it~rature there is a definite
1 B}
need for more reaearch into the effects of games in diffcrent instruc-

Sl S e

_tionsl aettinga. One aettins thnt haa not been investigated is that

of graduate training of black elementary achool teachera. Given the

many lenrning problcnu for thil group, there io a need for fresh

atrategies of inatru"tion thct pronoteu the learning of acientific

WY

’ concepta cnd at thc snne tine improves the black teacher's attitude

' tovardc the nnture cnd procesc of science inatruction tn the elementary
i "" LR S S SR " T . . R
school.
Lo ,x(rvtq‘\ i, ‘1 ;Afx oy [ - “
g The p:rpose of this study vau to deternine the extent to vhich
he playing of a science education gane could promote cognitive and
rop ot .
nffective objectives. The geme in thia context thua replacea the
PSR S 5 T L SR o i X
conventionel lecture-dilculeion nethod.

S 1 ety i g e \ e
AR PR SRR

Research h!gothele vESﬁﬂ-; DS AN :5 TN E R

"“f“" Thc etudy was conccrned vith four dinenoio1s or effects of the

- f_ule of . tecching ga-o in c graducte levcl oeionce education class.

N Thece effectc nay be briefly deocribed as chcngeu in attitude toward

)-I'k ’ DN ‘“-." . h /‘.}‘
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seienee, general confidence in mastery of science, general achievedent
in science, and the mastery of specific scientific concepts taught in
the game, An.additional consideration for the study was the differen-
tial effect of background and personality variables to the succese of
students in the two. treatment groups (gaming and 1ecture discussioun),

Many of the above studies hava reported nttitude changes 4
related to thp playing of games, Few of the studies, thever, used
adults and the;r attitudinal structure may be moré fixed or rigid than
youngsters, The investigntor has obaerved that an elumentary teacher's
attitude towardo acience v%y deternine the quelity and quant’ty of
science Lnstruction found in her classroom. The first research
hypothenis wau thua designed to test the effect of changes of attitude
toward science in the two treatment groups.‘

General confidence in science ia the second area of interest

in this study. General confidence, a8 used in this study, describes

e feeling of sccurity or comfort in one 8 knowledge and skill in a-

'8 pecified do-ain. It s conjectured that tecchers who feel uncertain
- about their grasp of acience are likely to teach the subject in an

. incidentcl mnanner in the clasuroon. It is poasible that through the

I =,
EREPETE S I A

‘vehicle of s game thia feeling of general confidence in science may be

'developed This dinenaion of gaming has no been investigated in prior

relecrch and ia an inportcnt research hypotheois for this study.

‘1

Grovth in general science uchieve-ent it the third outcome

»thct thio atudy inveotigcted. If ganco produce the motivation that

:"hcn been roported in ‘the iitereturc. they ahould serve to stimulate

otudent. to perforl their out-of-clnoo cctivitieo in an {nspired manne-,

TR 'u‘._;.‘i};t T L - I . .
AR R ' FUN

AR
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ihis interest and attentlon should serve to increase the student's

general achlevement ln the sctencec.

It is poeslblc that the playlng of a game may be a very

effe tlve devlce for focuslng nttention on a concepr and thus nake it

1l
] - more likely that the concept vlll be mastered. Thus tdg game may

teach dlfeCL y end not be slnply a motlva’ional devlce.' The fourth

- ”.research hypothesls wes deaigned to test t!ls effect of a teachlng game,

tr

It 13 a plaualble hypotheala that not ell studegts will be
- " :l} [

.'equally motlvated or 1notructed bY‘l gaﬁe (e.g. stuoents wlth high or

| low achlevenent in sclence -ay react to the game differently) Tradi-

-ltloncl techniques nay prove more efflclent for certain types of students.
- “The design of this study included the collection of background and
‘personallty variables which were used to identify possible types of

.ipersona that beneflted fron each treltment. The Omnibus Personallty
[EEEN LN F TR

Inventory (OPI) 1soletes the peraonallty vnrlables. " Social extro-'
. verslon (SE), one of the lcllel on the OPI, nlght for example be a

j characterlstlc of pereone thnt beneflt fron the freedom of the gaming
\ . environnent. Studente acotins hlgh on the practical outlook (PO)

Lot AR s/
'fcctor uay find the ge-n of i-‘dlate .tllity end also do better in

the gemlng treatnent. In thie vay the fifth hypothelis atatea that

l dlffcrentill pattern can be ldentlfled thlt pted‘ﬂts success for the

R 1

tVO treltnents. :
! \".‘\\ Tk ' R “\" - {ti '

The flve quaetlone 1nvtot1;ated vtth blsck greduete studento

CeToanTh iru .—" 5 ] ";': ey R PR A T fhemt s ey
can ba expreoerd ae tho foIlovln; reeeerch hypothesea-
H T,”f‘ ) .Hu;\.” S \‘i as Lﬂ"ln s e 39e3IG TR ot s 0
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1. The regular use of a science education game as a teaching
strategy with students results in a measurable improvement
in their attitude toward science, as compared to students
taught with lecture-discussion techniques.

2. The use of & science education gsme with students will result
in a measurable difference in their general confidence in
mastery of science concepts as compared wlth students taught
by lecture-discussion.

3. The regular use of a science education game as ja teaching
strategy with students results in a measurable imnrovement
in their general science achievement as compared to students
taught vith 1ecutute-discusslon techniques.
4., The use of a sclence educntion game with students will result
' 4 in a measurable difference in their mastery of specific
sclence concepts (taught in the, game) as compared with
" students taught with lecture-discussion techniques.

5. + Background and pereonulity variables will be differéntially
useful in predicting success in the two treatments (games and
" lecture-discuseion), - :

FETREERI

Relation questlon

Nooad

Although the study uddressed ltself to the research hypotheses

proper. 1t was felt that as nuch additional information as possible
P . ey Vo

should be gathered in‘order to deternine peripheral effects or results.
The following was conelderzd in the couree of deslgning the study.
PR [ 2% I SR
Is there any -eeureble reletionship between -attitude towerd the
science learning game and total game score and & student's
. attitude toward science, general confidence in aclence, general
" achievement {n ecience, or maatery of specific concepts taught
__}n the ga-e?

ff\\ dat i R T .

The etudy vee dcslgned to attemp* to answer ﬁhe above research

R L R IV I SR P

hypotheses and releted questions concernlng nttitude tovard science,

general confidence in science, general echie“ement in acience, and
r-.v""!'f & nups LR SRS IS UL IR SR LT F TR RN R ST

etery of concnpts taught by the game, The study further was concerned
PSR L SO IR TAE L LI G2 ST D S RIS B R

o the diffcrentie. effect of beckground and pereonellty vnriebles

: 1n the eucceee of etudente 1a the two treatments,

O
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CHAPTER II

SELECTION ANI> PREPARATION OF THE MATLRIALS

The purpose of the studv was to investigate the effect of

S

I - pla‘ing a science education game as a regular part of the instructional

P -

strategy of e graduate_'evel science educatisn course. To perform this

investigation it was first necessary to cons\ruct an adequate science

. .
AV e

education game Thiu task required extensive ‘ield testing and

2 TE Sev o ’

revision of the 5aue prior to its use 'n this study.
1 » ‘ . The seCond task vas to locate or construct adequate measurement
instruments to assess the effect of the game. No satisfactory science

achievement test could be located commercially that vas appropriate for

Mok

Tl [

elementary schocl teachers. A general achievement measure was thus
constructed for this study that included a sample of scientific con-

| “ cepts frequently encountered in the teaching of elementary school

LIRS

science, Incorporated in this measure vas an sttitude and background

fogny ma gt f\l .3 ST B

questionnaire. Further, an additional measure required was one that
.)4ct¥1.~,—~ SRR PO et N S T
. assessed the mastery of specific scientific concepts taught in the
R e gORE S M AvE B £ 4 ALy
| game, This criterion test was included to measure the specific learn-

[

R T U N TR R S AU
ing effect of the gane. The Onnibus Petsonality Inventory (OPI) was

S Sty ':w.~ J Falord e L.nTH

' o . salected to -sasura peraonality variables that night b~ useful in

N u'-';‘-.}- BT g b AR I

- prediction of succeaa for the two treatment groups, Finally, a ganming
maedhde U B AeYXo gedl pewh Ruran aadasaal po Butiaty
quastionnaire vas selected to meacure attitudes tovard the gau. '

‘

"_"--‘.).‘_:-;ﬂ 't oavhy >*‘i*» 3o ,mn“ur_,*-‘, rf:, ) J}.Js. o s Yot B I

iﬁ;&gsg,o.y ad x.;£%91§Q';r g ek dopops el
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This chapter ‘will describe the procedures that were used to select and

construct the above {instrurents.

Descriptibn of the Text
The taxt used by both the experimental and control groups was

"Elementary School Science and How to Teach It" by Blough and Schwartz
(1969) This text and its previous editions had been used for a
-tttmtgr.of ye‘rs at‘flotfé;ffk & M Univerttty and previous inatructors
have reported ;ttl?};tto:iltétdlt;. The primury function of the text
‘,w:;ftt-ét;vtse the ;ttdéttréitt‘;ttttztw of the concepts that are use~
fal in teaching scten;;‘{g tﬂt éleménttryLSchool In the traditional
setting atadents ftratftead an-;stignstnt in the text and this was
A“T‘ follo;tdl;y‘;‘ittttttbal.tuasion aeaaion in clnss. In the experimental
ﬁd‘;tous.tﬂe)ggﬁe.tttt naaignmenta were made;'but thay were followed up

in claaa with a gane relnted to the materinls rather than the lecture-

LAy P N R ANPACI SR S S B 3

dlacuaaion.

AN YA et S , . c
NI AR E B L P L R N . H A

S5 - v~ Development: and Deacription of the
Learnlng Gine, "Ch;llenge"

NOTAS TR N T N YL A B I TP

The ep(sodea vere designed to review major éoncepts and

PPN R - IR RS AL IR PR LI
princlples covered in the tex*book assignments, The experimental
Jroes Ffern g daangens b iet o epts SEYinena je copeger
group used games to replace the lecture discussion coverage of scien-
wierr b g byasen agie e cepas N LR ST
tific content used by the tradltioml cmtrol 3roup. Studenta of both
T A R R e S N N AR R L A
trentnento thun were exposed to similisr topi a, but the treatments
B T PRk L £ A S VIS S SR ‘(.‘:‘lb. VLT T e o
dlffered in lnltructloral strategy.
Tariarn s v TTeniY e Doy bt vt aary ey Sel sEsan o be g
. The rasaarch on learning games doea not offer a set of pro-
. "‘-t, 11‘1 ‘v""' l\,‘*n! :;h e BEEANAR S B rhantan s o atlge e g

cudutct, that vhcn -nt, lnturc . g&ns is capsbl. of effective instruc~

_ ._ tlon. Iadccd, lJch c ltot light by ncceoolty bc too general to be
L@ T an 11 -
CERIC el e




19
useful, What makes a game effective for one population might be
ineffective for another,

Adair (1970) states that without a tested model for game design,

—— I o

the researcher must reason through the factors that are important to

be included in a game desigred for his population. The primary objec~
tive of the gnne constructed for this study was its relevance to actual
classroom instruction. Telchere often complain that their collegiate

work bears little relctionehip to actuel teaching. 1t was felt that

this relevance would increase the etudent 8 interest in the activity

J and éocus more attention on the concepts under consideration. A related
Avobjective of the gaue was to increase the student’s motivation toward

4 outside reading in the areas covered in the game.

| The game of "Chellenge" is thue designed to allow the player

thepopportunity of relating hie knowledge of science to the elementary

‘vlassroomhsituation.‘ A role plnying deeign is used which gives the
';students practice expressing lcientific concepts in their own words.

J ' S Collegiate etudente often complein that they know the concept, but can-
J not put it into words.

S . The gnme is divided into four to six episodee (depending on

the length of the chapter under consideration) An episode begina with

claesroom experience thct briefly deecribee the activities taking

L
AR e

3 - place in a hypothetical cll!eroon. An episode required two chnrecteris-
M [ B Ny I N
{ ; tice to be included in the 3|na. Pirst, it had to be believable or
yelonat o ant FE SR U S SN 3 5 SRS S S .
: : typiccl of science nctivitiel in elennntsry echools. Second it had
S t.‘-'.llJ: MR B T R R S PO I RS R I TSN
Il S ' to effectively focus lttention on the eciontific concept under consi-
, . *q‘ e el T d hedan oY anraacnnta Eac aneihaed el o ISP
L dcr.tion. Auoeimd vith each epiuodc is a student question thct
I N . LT r'?- DL CTEO l)"'ﬁt DR F S SRR L T B L e SUIR R :
- o \)‘ . " : K .“ vv ; M P N
|IHEHHHEE | ”cv’l oo STl Zi;;a-
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micht plausibly arise and which is also central to the concept under

considerstioné An exsmple of a typical classroom experience and

© gtudent question follows:

Classroom experience: The class is working on a unit on man's
progress to the moon. One of the students brought a magazine
article which discusses the problems that astionauts will face
on the moca. One of the major problems was weighing only 1/6
~ as much as they do on the earth. A 180 pound astrcnaut would
weight only 30 pou"ou on the moon. :

RIS

ggestion' The question was raised why a person's weight should
! vary on the moon (from that on the earth) and if this might ~ave
»something to do vith the moon lecking an atmosphere?

e

Three roles are nssumed by all players © . rota. ion througHout
the gema. These are the roles of judge, teacher, and pupil (challenger

or acceptor)

The judge must perform three tasks to fulfill his role. First,

he musr reed at the sppropriate time, the clessrcom experience,

I s K

stuuent question, end sﬂceptsble snswer that appears on the episode
eere. Nbxt, he must judge answers given by students plsying the role
B of'teaeher. These enswers are sccepted or rejected depending on
o uh;ther they lre scientificnlly correct snd \dequetelv answer the

[N
PR

question. The final function of the judge is to record all players

R S L N AL

‘scores on the gane score sheei.

o , R R IFE WISV

The ro‘e of tescher iu essumed by each participsnt in rotation

.
S. [ 5. ,;n,,

: vhen he or she ansvers the student uestion fhet appears in the episo?c,

i IR vis

The tencher nay bluff an snvwer vhen she ia unfsmilisr with the acea

T AR

B o LR R o S AT B (VTP BRI
. under consideretion. When caught in a bluff however, the tencher
B 3T faedn Pl ae cEsSanesn gl g .. .
lo-es -corin; pointla This espect of the game sinuletes the tenptltion
VAL e e oearngg il SLE-Z A0 SR P N SNPTIPS IITS ERNP I
p)acld on & real teacher uhsn & question is asked by u member of the'
Teay f‘..lws\ = it FA TN SR S SO BRI VAT et Avr. havrane A e .
@ clesu that is outside the teechor s level of knovledge.
[]{Jﬂ:‘ . _f’; D f o . ' ‘

Aruitoxt provided by Eic:
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The third role is that of pupil. This role is played by all

m:mbera of the geming group, except the judge and teacher. When an

answer 18 given by the teacher the pupils must either accept or

challenge the answer. This stimulates a reel student 8 acceptance or

1.

..;: 2.‘

. reservation concerning a teacher ] reSponse to a classroom question.

.

The procedures or steps that follov were used for playing the

science education game.

. The matgrials required for the play of the game were first

distributed (3-6 pleyers may play the game, with 5 being

_ideal):

each player receives ‘

a. challenge and accept cnrds
. b. three wagering cards bearing 5, 15, & 25
each game group receives

a. game score sheet

b, episode cards

c. game starting cards

'Eacﬁ player first drevs one of the start cards that has be.

placed blank side up on the table. The individual drawing
the card with the highest number is designated the first jud .

The judge for this episode first fills in the players name:
on the game score sheet, He then opens the first episode
card and reads the classroom experience to the group.

" After the‘clnssreem.experience has been read, each player
. must decide how many points he or she wishes to wager on t'~-

episode (5, 15, or 25 points)., This choice is made by

_placing the appropriately nunbered card far~ down. The ju.ze

does not wager in an episode.

The judge next reads the student question. The person to t’
right of the judge is given the first opportunity to give a.
appropriate reply to the question, An appropriate reply i
one that answers the key ¥lements of the question without
any incorrect information. The player has the option of far
to the person on his right. If he does pass, 5 points arc ¢
tracted from his score for that episode, The turn contin 2-
pass to the right until a player decides to play the role «
the teacher and answer the question. If none of the play-

- chose to answer, the judge receives 25 poincs added to hi

score. This is the only manner in which the judge can ar=
points during an episode.

434
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6. If an answer is offerred by a participant, each subsequent
playey (except the judge and person answering) must declde
whether the enswer is appropriate for the question. Again,
vhe relevance and accuracy of the answer is weighed. When
the decision is made the player places the challenge or
accept card face up in front of him.

7. The judge next reads the answer appearing on the episode
card ayd makes the decision as to whether the answer given by
the plgyer is adequate. An answer is judged correct if it .
generally conforms to the answer on the episode card and dces
not introduce incorrect information. The decision of the judge
is ngt debatable by the group until the scores are recordeﬂé

- 8. The pjayer answering the question first turns over the card

that represents the number of points he had chosen to wager.
If he was correct in his answer ke receives twq times that
number of points added to his score. If he was incorrect and
challenged by anuther player, he receives two times the number
of points he wagered subtracted from his score. If he was
incorrect, but not challenged by another player, he receives
the number of points he wagered added to his score. This is a
reward for a successful bluff. Each of the other players.turn
up their wagering and challenge or accept cards. If they are

- in phase and accept & correct answer or challenge an incorrect
answer, they receivea the rumber of points they wagered added
to their score. If they are out of the correct sequence, they
subtract the number of points wagered from their score.

9. The judge is responsible for recording all points won or lost
during the episode. When all points have been iecorded the
persor to the right of the judge becomes the new judge for
the next episode, The game continues in a like manner for 4-6
episodes. The player with the highest number of points at the
completion of the gaming session is declared the winner.

The following flow diagram in Figure 1 describes the pattera
of the game: -

T . oo : . ‘ s

O

_ e
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1 start | P n .
i - player L
' » passes 7 .
"4 classtapa players question |/ . - .
i N | experiknce wager — read L - Ty
: read T : player next |
" — 7 answers player
- i question answers
—{ position of or passes

Lot | tydge moves| o

points
awirged

" Fig. l.--Flow diagram of the game.

The design oi the game went through revrsion after‘field test-

; ing in the Spring of l969. Unnecessary complexity and ambiguity was
removad, Episodes that did not hold the players interest were rewritten
was discovered

- or replaced. Wagerin5 rules were also cnanged when it

that the scope of strategies was reduced by the original payoff

achedule. The original payoff schedule did not glive double points for
- - Yoo Foperlel FROSE 0 Ty

it also did not give

B the person pleying the role of the teacher.
R LIRS 55 T SR N y Az -

‘points for a suecessful bluff. This revision made the game more
AN AR ERIF AL HIRY PR E TSR R A .. [

interesting and inatructive to the players.

LRGN 8% 3 .a“'
s The field testing also pointed out th
. CRAY _.:ieiﬁwﬁ't‘ﬁltﬁ’ &iin oy i
ot be nore rigidly defined then first thought neceaaary. The cxlterie for
A Loaa ) |;~‘QI,,§ B STt 5,! S "5‘{~ ..
g or rejectlng a player s answer must be unifor

A
i

0—_ =

at the 1udge s role ‘must

I

mly applied if

! ecceptiu
: .
? the geme is to run smoothly._ As stated previously, the criteria were
: SRR Sty shanp oy ien -
8 scientlfically accurate and one that adequetely

.~ giving an answer that i
j VTS BRI e
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answers the questicin. Treining in the applicatlown of Ehese criteria

" was given in the warm-ip session, Here the instructor served as the

" Judge ani cxplained hia logic in accepting or rejecting student

answers. A few differences of opinlon over judgments: dla*uppear, but
these did not seem td interrupt the flov of the game,

eld testtug also called attention to scae managertal modlft—
cations that were indicated, A new score sheet was constiucted wnen
the ortglno; proved confuslng. - It became necesoary for the instructor

to remind gaming groups of the episode they should be considering ax

' that time in order to finish the game in the alloted time. The field

experience also suggested that the constitution of the groups should

be changed at regular intervals, Groups remaining together too long

often slowed down and became less productive,
The field testing of the game of "Challenge" was thus judged
vital in conducting an experimental study of this type,

Development and Description of the Background
and General Achievement Measure

The background nnd geucral achievemenc menaure was designed to

,

. aerve three purpolcl. tlrct, to collect relevcnt background and

'lu} Background measures

attitudln;l necsurnc. Second, to neaaure the studenL 8 curreat achieve-

nent ln lcience cnntent npproprinte for ele-cntary school k Finllly,

s to measure the student : confidence tn this sclence contont. The

gancral backsround lnd nttitudinal nealuren collected ucre. A

KR

1, eex 4 :
"L 2. high school nnd college grade potnt avercgea
3. sice of high school attended
4. science ond mathematics courses tahen
" S, . geographical location of student's high school

2

ammm y
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Attitudinal measures
" 1. general attitudes towards science
2. grsde level preferred for teaching
3. estimation of importance cf science in the elementary school
4, feelings towards sclence laboratory
5. attitude towards high school science teachers
6. preferred strategy for tcaching science
7. reaction to new innovations in the classroom

- : This background and attitudinal data served to help describe the

i | o characteristics of the population used in the study. It served as the

géneral achievement measure for the comparison of the gaming and lecture-

[J discussion treatments. It further attempted té isolate variables that
. might be i{mportant in the predlctlﬁn of success for students in the two
U treatment groups,
] “"7" - The general sclence achievement section of this measure was
divided into four partp; life acieﬁces, physical sciences, chehlcql
J sclences,-anq earth sciences. TWenti multiple choice questlons_w;re
i *" gelected for each area. The major concepts considered in elementary

i = . sclence textbooks were listed and paired with appropriate questions.
J _ These multiple choice questions were selected and modified from the

outline book "General Sciences" by Mould and Giffner (1959). This

selection was made prior to constru¢tion of the learning game.

T P

4l One of the major research hypotheséa defined was concerned

with changes in éonfidence, related to mastery of scientific concepts,

J : " between the two treatment groups. Many ternu.have been used in the
litérgtuxe‘téldesérlbe éonfldeﬁce (response uncettalﬁty, subjec;ive

"-ceftaiqff; gubjéctive'probability, expectation of success) but thelr

" basic méthodology is very similar. Typically, the investigator asks

© students to choose between two or more stimuli and to state the con-

a fidence with ihfch»hq‘iqkel the choice.” This type is described as

X
AAY

38"
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specific confidence in this ntudy. Deflnefte (1965) and Shuford (1966)
have used this studen. confldence ratlng as a method of dlscrimlnatlng
levels of partial knowledge concetu;ng a test item and the relatiouship
between these ratings and performancg.‘ Pord and Novick (1968) state
that these methods afé-éoﬁéeptdally ittrgétivé, but émplrical evidence
as to their usefullness is lackirm.
: Tﬁls investigation used confldence‘ln A much -broader manner.

The term general confidence is used to descrlbe a state of security or

. lnsecurlty in a defined area, like the life aclences This general

..; confidence can be thought of as représentlng an array pf specific

e vey E-
[ SO

.fmﬂmeinancnag,thh;ﬁ;nﬁﬂ

cthldences covering the content of the arez, A group of general con-

fidences combine to form & global confidence, which is called total
general cénfldenceﬂln this stady.

In this investigation & specific confidence measure is taken

‘after each test item on the achievement and criterion tests. The total

of these-speglflcﬂqqnfldencés is hypothesized to be an approxiration
of the. general confidence in the area. The total of the general con-

fidence is hypo;hel}:ed_ﬁq be an approximation of the global confidence.

. A meaé&f§uvgn included in the achievement test to measure directly this

r

general cqnfiqeqqé and also the total general confidence or global con-

T, FRSTERE

T On the achievrnent portlon of the test the student was firsc

E esked to rute hta _total genercl confldcncc (globtl confidence) in

......

‘;sclence content thnt la approprlate for tae elementary school. A'flve

_ca;egory,;cnlelu!a‘qagd_cqvarlng ghg_ggnge‘fron "I am very poorly pre-

pared” to "I feel_vviy well prepared.'” One of the four areas of science

1-‘nqx;‘idenrifﬁedland';tg major content {s listed. The student next

:
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“rates his general confidence in the area. . Ten easy to medium multiple

.'choice questions follow. The student also rates his specific confi-

dence on each of these items. After the first ten items, the student

again rates himself as to his general confidence in -the spedlfic area

t L 7\34'. : et PR i

of science currently being tested Next nppeared ten medium to hard
questions., After the entite set of twenty questions have been completed
a general eoniidence measure is again administered for the area. The
other three areas of science are tested in & like manner and after the
last, a total general confidence measure (global confidence) for

generel science is aga:n taken. The following measures are examples

ci the thoie types.

1. An example of total general or global cenfidence

Which of the following statements best describes your knowledge
of the general science content that is appropriate for
elementary school
a. I am very poorly prepared
b, I know a little about some of the areas of science
c. . I know something about most of the areas of science
. d. T have @ pretty good knowledge of most of the areas of
science
e, I feel very well prepared

?lzi An example of gen eral confidence

- Hhich of the follouing ztatements best describes your knowledge
. . of the areas of the life sciences that are appropriate for
5 elementary school v .. L onouele
* &, I am very poorly prcpared
7t bt T know a little about some of the areas of science
= ¢+ 1 know something about mast of the areas of science
“arz: 4o T have a prctty good knowledge of most of the areas of

" science ‘ :
“videns e. 0 1 feal very well prepared .::.- :-u‘x B
BE Fag e a7 s na ﬁ{, LR
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©. 3., An eﬂampleyaf a ggécific‘ébhfidence

One difference betweeﬁ plants and animals is thét only plants
, contain (a) catbon (b) oxvgen (c) cellulose (d) livlng matter

: Your conftdence measure for thte;problem
ey I s:essed at the answer
. by I Kpew a little about the queation, but I am probably wrong
el I half-way sure my ansver is correct
d, 1 fafrly sure my answer is correct
e, : I am sure my answer ig correct

The test requtfes apéroximatély three quarters of an hour for
administratiod. - The fespénses to the measure are recorded on a speciun}
answer shget. KRy reliability measures for the control group (sample
of 37) were .83‘wl£h a4 mean of 46.6 on the pretest and .85 with s mean
of 49.1 on the posttest. The expertmenéal group (sample of 39) had
KRy0 geliabtltttes of .79 with a mean of 45.9 on the prétest and .83

with a mean of 57.7 on fhe posttest,

" i
R

Development and Description of
the Crtterlon Measure

" In addltlon to the general achtevement test a measure was

desired that vould appratle the student's mastery of the concepts

: t.ught by the glntng eptaodes. To fullfill this requirement a measure

) conltattng of 72 nulttple chotce quelttons vll constructed. Each of

o ’;‘,";‘,v';’ FE T 1-3 S

these questtona vas dtrectly related to one of the 72 conceptl t.ught

o

1n the gnntng lequence. Ag.tn. a S-atep upectftc conftdenca ac.le

G AT L gmdnt R R Fhn LA s ramy

T vas .dntntltéred Aftor cach queltion. The ertterton ueacure .veraged

[y

4,

three quorteru of an hour for adntntstr.tton. KR20 reltnbtltty ;easures
for the control group (lcnple of 37) were .76 on the pretest and .84

on tho pont tect._ The experl.ental group (sample 39) hod KRZO
raltabtltttea of 68 on tha prcteat and 77 on the posttest,

41:11”
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escrigtion of the anibus Personaltty

‘ o Inventor OPI Form F
-jg.he Omnlbus Personality Inventory was tncluded ln the tesning
progran to estimate personallty varlables that mlght be related to
performance on the achlevement and crlterlon measures, The test con=
tained 3950 items und requived about three quarters of an hour for ad-

ministration,” The measure identified the followlng categories-
thinking lntroverslon (TI) - e
theoretical orlentattow (TO)
estheticism (ES) °
complexity (CO)
. autonomy (AU) -
religious orientation (RO)
* social extroversion (SE)
fmpulsive expression (IE)
. " personal integration (PI)
10. anxiety level (AL)
11. -altruism (AM) &l
12, practical outlook (PO)
13. nasculinity-femininity (MF)
14, response blls (RB)

b b

. The Omnlbus Personallty Inventory (OPI) a8 revlsed over a

WVONOWL SN -

Il

period of ten years to serve as one of the prime lnstruments for

SR AN . g t

research on college students. This new pe sonlllty 1nventory was

B R L S At h

developed under the ousplces of the Center for Reseorch and Development

st 3,"‘ H I o

' 1n ngher Bducttlon ot Berkeley, c.11fornla. The 1nstrument was de-

'.»‘AV~"§\,E

BRI [ SO APy B T PR v v

'relevsnt to describlng and underatondlng lmportent ospects of students

’ ~

RS2 S P 6 PR 1 7F R T T R R A R AR T A

/llves end behovlor in an ocodenlc context, Helst (1968) describes the

Wl "’tf'“-‘_:‘fi.rf, vD RS \{( P TV PR Al (R S 5

LR A [ EPIOT S S wyh TN R NN I
The chief approach to nssessment in an 1nventory of thls type ls
based on the assumptions that all or most persons in a particular
society or culture acquire or develop a number of psychological
. characteristice in common, but that the diversity of genetic
contributors and environmental experiences lead to great variation

ST R Soa Rt

42{ . S o

'slsned to pronde a set of psychological dlmenslons vhlch ere es;eclally

L]

gossessment appronch used on the 1nventory in the followlng dlscusslon.
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in the development of these characteristics. Since this is the

. case, it is also assumed that scales (measuring devices) can be
constructed, with satisfactory validity, to tap the different
degrees to which a characteristic exists., The measured characte-
ristics, sometimes referred to as personality dimensions, are .epre-
sented in ways or styles of thinking, in general orientations to
things, events or persons in the environment, in feclings or ‘
emotional expressions, and in perceptions about oneself (1568,
pp. 218~ -219). ‘t:v:,‘n , LA, - . . .

. These personality dimensions are verbally expressed in the form
of opinions, preferences, interests, and ettitudinel statements to which
the student is asked to respond indicating whether the statement
describes himself or not. A scale is composed of a collection oE these
true and false responses in the same area. The number of statements
in the selected direction serves as a measure of the intensity to which

the characteristic exists in comparison with the average score obtained

" ona large, representative sample of students. These acale scores

O

ERIC

Aruitoxt provided by Eic:

thus represent a relative and not an absolute neasurement.

The OPI-Fy measure has been availabdble commercially Eor a
little over one‘yeer.and a halé Investigations using the OPI scales
are beginning to eppesr in the litersture.: The designers of this
instrunent vere‘keenly interested in the ..se;;;éne of creativity and

dasanines ot DY O AT ottt Ty Fooome i e
many of these scslts hsve been relsted to this Ecctor.
-t RN 2 amA e s by e [SSRrE T S
Hedsker (1967) used the OPI scelel in a study of dropouts from
/"ﬁ','.;;gnw ¥t ,“, S L I AR SITH KRR Pt

college progrens.' He ccnbined the sceles of the OPI into a scele

i i

PR LS T R A FRTICUUEINS S EERE FPCT R SO RIS SRR TR A

called "Intellectucl dioposition of the student." High scores are
R "‘i X RIS S8 LIS B ERIR AN

obtained sccording to the inveltigetorl by those students inclined

‘ 1'.’"»/,,! “ Y ‘ S AT B TR B IR eSS o v

towsrds abstract, reflective thinking, intellectuel inquiry, and

P LS B LI TR st e R R

'srtistic experience. He found cttenders of college to ‘score higher on

IS S TL R TaR oL
this coabined lcsle thcn college dropoutl.‘,“,,p
CERARITAN e ian ot ;u; S A e R T
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‘In a study at MIT, Snyder (1968) atrempted to determine the

relationship between creativity and fhe tendency to drop out of
Qollegeq” He used three scalea; thinking introversion, complexity, and
implusivexexpressioh, as indicators of crestivity. He found that
students who scored high on the threa scales of the OPI were more likely
to ieaée MIT, than were students who scored low on these scales.

Treant‘and Medsker (1967) reported a multi-faceted longitudinal

<

etudylgf 19,000 high‘school éraduates who were attenders and non-
aékénderéiéf college. The CFl was admiaistered to isolate personality
factors that might differentiace the groups. He found significant
differences between the groups for both men and Womeh on the OPL
scales which measuied inciination towards reflection, abstract thinking,
independence, and flexibility (the thinking incroversion, non-authori-
tarianism, and social maturity scaies cf the OPI). There wele no
sigaificant differences between groups in the measured extent of their
1Az;lléétua1 curiosity or tolerance for ambiguity (the complexity scale
of the OPI). :

© 7" A longitudinal study is also veported by Korn (1968) which used
an‘early fqrm éf the OPI to chart differences in persoﬁality factors
of éfanford énd Berkeliy atddenfs from their freshmen to senior years.
Korn ugsed six scgles of.che OPI (Socia' Maturity (SM), Impulse
Expression (IR), ;;ﬁizoid Functioning (é?). Masculinity-?em#n@nity (MPF),
Esfheticism (Es), and Dovclopmﬁﬁtcl Status (DS) to measure this

possibie change. He reported that Ehe:e was a copsigtgnt pattern ofv.

change among both Stanford and Berkeley studgnts”over the four ugder-

© graduate yoara. The significant differences found were said to rpflpct

RUN S . . TS .
LA - A N T T |
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a movement fouard greater openmindedness énd tolerance, a rejéc:ion
of A vestrictive view of life, and a humgniiaqion of conscience.

Majer (1969) use& theiOfI as a’predictor yar;ablé to differen-
tiate performance between two treatment groups. The experimental
group was a Computer Assisted Inatfuction/med;g course with an added
discussion groub; The control was the same course taught by the
Eraditional lecture mgthod. . The OPI sglles of Religious Orientation
(RO), Hﬁsculinity~?emininity (HP), Altruism (AL), Response Blase (RB),
Theoretical Orientation (TO), and Impulse Bxpression (IE) were used as

predictors of final examination score for the course. nhis study de-

'monstrated that the OP1 acales can be predictors of success for

academic achievement.
Form F {s the latest version of the OPI, Earlier forms are

reported in Buros (1965). Validity and reliability data for Form F,

. howevgf, are only ivailable through the publisher (Center for Study of

Higher Education, Berkeley, California), The range of reported

:; feL;abilitiea £9r the lﬂ.lculea using KRyj calculations on a nofmative
1 saﬁple 6£l7 28§ studenta 1e f;on ;67 up to .89 with a mean of .81,
| Teat-retest relinbility eltinntea are also reported with considerably
‘snaller nunbera of college wen and women (67 men and 71 women); these

jf ectiuntea range fro- .86 to «95, with a mean of .89, .

Vllidity of the oP1 il reportod in terms >f overall correlation

betueen OPI acllea (N-125, =, 23, p€.01) and scil~r on the Allport-

_VernonfLindzey Study of Values. Other validity st dies include OPI
Jc;;;éintioﬁ;aiith the California Psychological In’iniery, (N-97 college

:yp-gn, =, 26, p<.01), anc the Minnesota Multipi asic Personality

Inventory (N-72 college students, r=,30, p<.01). ta reliability or

4534 ¢
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validity measures are available for black college students. A brief

description of the scales may be found in the appendix.

DevelgggentAggg Description of the Gaming Questionnaire
(Student Attitude Toward Instructional Games)

This guestionnaire, developed at the Florida State University
Computer-Assisted Instruction Center, was & pilot instrument. The
measure attetpted to determine the student's attitude toward various
aspects of the teaching game. The 70-question form took an average of
15 minutes to administer. The design of the tést was ;b first present
a statement about teaching games. The student represents his agreement
or disagre;ment with the statement by circling one of the five levels
on the scale. Adair (1970) reports a KRyg reliability of .95 (N-58)
for this questionnaire, The entire questionnaire may b¢ found in the
appehdix; |
‘The uge of theielmaterills @nd details of the experimental

part of this study are given in Chapter III.
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CHAPTER TIL

DESIGN AND PROCEDURES

Interpretatlon of Varlables-

’Tne prlmary lndepcndent varlables used ln this study are
treatnenr groups (lecture-olscusslon and gnmlng). Pretest or entry
varleblea'oﬁ attltude towards sclence, confldence in science, general
sclence achlevement and mastery of speclfic science concepts were used

Vit

as dependent varlablea to compare the groups to determlne whether

IREER!

analysls of covariance would be required to make accurate group con-
parlsons. ‘ ihese snne#varicolee:perewcollected agaln in the posttest
to be used in a series of two-factor analysis of variance designs with
repeited measures on one factor. These designs were used to test the
level of significance of differences in the dependent variables found
between the two treatment groups (independent variables).
©171' The remainder of the variables collected in this study may be
generally classified as predictor varisbles. These include background
'varlcbles, attitude variables, personality inventory ccores, Question=
' nalre relponlec, and total game scores. These measures were collected
for the construction of prediction equations using step-wise nultiple
‘ regression technlquelf'-ldeally these equations would separate indivi-
duals into two groups, thosc that profit from lecture-discussion -
-technlquel-cnd thooc that heneffi'!roc thc gaaing approach,

ICAEARN 1 SRR TR R
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history, ' L

- Setting of the Bxgeriment ‘ »
The study was conducted at Florida Agricultural and Hechanicll

University. It is & state supported inatitution located {n Tallahassee;

the cspitnl city, where it has been for most of its eighty-twb year

'rhe institution beeme a bi-ucinl institution at the plssage
of the Civil Righta Act. Itl student vopulanion of lpproximntely 4, 000‘
is 991 non-white. Hmver, the faculty of 250 is conposed of approxi-
mately 85% non-whites.

Hiatoricll dnta in the offices of Pllceuent and Alumni Affairs

reveal that moTe thln 501 of ‘he tenchers in tha predoninntly Negro

uehooll in Plorida raceived their prepcrntion at this institution.

:é.ifff: R '~5ja¥ Population of the Studz

.school, .- Approximately hllf of these ltudenu !nn lmuﬂ-xn ultn' 'y‘

im popuic'tion of ouﬁjdéél'.puticiplting in the study consisted

of 78 teachers enrolled in two grlduato 1ov-1 science educltion courlea.‘f

They ranged in age from 22 through 58 yutl (mean of 35 and 8D of 11)
and conlilted of lpproxi-ttcly 20% men end 80% mn. 'l‘heu returning,
tucheu taught et all 10%1. froa kindorurhn throggh 1&3\!&5311;}\ »

. degrgc“ programs and the remsainder were aeemhtiu‘hourl‘ !9; pertifh

Cltlon. S b'- - “ S “ Lo | o . ;-;“ . :\’

The Gr‘duati Acadeaic Advisement Office of Florida A& N Uhiver-_'
N . - . N

_ lity reporti a wide variance in-\nehieve-nt among these itudonta. Eou

have verbsl and eoqnniutivc difficultiu that limit their lchiwcunt.

Lt tl)}btf end of tho metrm thtrc are uvcul students in svery
i olul thnt eould .chiuvh no:o upidly than uny of their elunnbcn.

Sy

>"‘-“~ .-
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The Experimental Design

The test, game, background and general achievement measure,
L4 .

criterion measure, Omnibus Personality Inventory Form Fy, and gaming
questionnaire used in the study and described in Chaptér 1L will be
designated in “he remainder of this paper by the identifying letters

as follows:

TEXT (T): The text used by both the experimental and control
groups was "Elementary School Science and How to Teach It" by
Blough and Schwartz. ’

GAME (€): The game of "Challenge" was developed to te used as
the experimental treatment. Its use with the experimental group
will be described in further detail later.

BACKGROUND AND GENERAL ACHIEVEMENT MEASURE (A): This measure
was designed to serve three purposes. First, to collect relevant

. background and attitudinal measures. Second, to measure the
student's current achievement in science content appropriate for
the elementary school., Finally to measure the student's confi-
dence in this science content. This measure was given to both
treatment groups.

" CRITERION MEASURE (C): This measure was designed to appfalse the
student’'s mastery of the 72 concepts taught by the gaming episodes,
This measure was given to both treatment groups. ‘

© OMNIBUS PERSONALITY INVENTORY FORM Fy (OPI): The OPI was included
in the testing program of both treatment groups to estimate per-
sonality varfables that might be related to performance on the
achievement and criterion measures, ’

GAMING QUESTIONNAIRE (Q): This measure, called the Student
Attitude Toward Imstructional Games, was included to determine
the student's attitude toward various aspects of the teaching
game. This measure was given only to the experimental treatment,

The '"Nonequivalent Control Group Déslgn" as described by

Cambell and Stanley (1966) was used to investigate the research

hypotheses. These authors report that this design i3 common in educa-

tional research where "naturally assembled collectives such as class-

rooms (1966, p. 47)" are conveniently available and more practical for

4%
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use in student assignment than strictly random means. Control is s;id‘
to be maintained over all extraneous variables related to both internal
and external validity with the gggsiblé exception of regression, inter-

action of testing and treatment, interaction of selection and treatment,

and reactive arrangements,

However, it is felt that the design of this

study has provided effective controls over these variables.

The treatment period.for this study was eight weeks, the lenéth

of the Summer quarter at Florida A & M University, Pre-treatment data

were gathered during the first week of the quarter for both groups.

Data were gathered also after the eight-week period of instruction had

terminated. Pre- and post-treatment measures required two one hour

class sesglons for completion by both groups. These were administered

dpfing the sécond and third class period and again during the final

examination period.

The Sequence of data gathering can be seen by examining Figure 2,

el

Pre-treatment Treatment Period Post-treatment
Experimental . General One 8-week Quarter General
Group measure (A) ‘Thirteen teaching Measure (A)
Criterion games administered, Criterion
me&sure (C) taking 15 hours of Measure (C)
Personality class time Gaming

Inventory (OPI)

Questionnaire (Q)

(‘k.)‘n tf-Oi Idroﬁp a

CehéfQI'

Fifteen hours of

General measure

. measure (A) class time used (A)
Criterion for lecture- Criterion
) measure (C) discussion Measure (C)
Personality

Inventory (OPI)

F‘sl 2- -e

i

ams

quence o events in the experinent.
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Treatiwent Group Procedure

The students assigned tiiemselves tc one of two classes depend-
ing on the class section they chose. Both were morning classes on a
Monday, Wednes&ay and Friday schedule. Tne studentc were not.informed
as to the instructors for the two classes or that there woula be a
difference of treatment between classes. The only selection factor
that appeared to be significant was the tiﬁe of day the class met and
how it fit into the astudent's schedule. The assignment of instructor
to classes was also conducted in an arbitrary manner to conform to
his other class assignments, The method of selection of students and
{nstructors and the size of the classes (39 and 37) were expected to
control the limitations that may be present in this type of experimental
design.  This assumption was tested by comparing means and variance on
fretest measures for the two groups. The results of these comparisons
may be féund in Chapter IV,

The inatruétors teaching the two groups decided that one half
of the quarter would be devoted to the review of science content. This
half of a quarter reduced to 13 hours of classroom instruction.
Parallel weekly nlsignnent; were planned to_insure that both groups
considerad the same chapter at nearly fdentical times. Both groups
were informed that approximately half of their final grade would be
determined by their mastery of the science content covered in the course.

The control group used a traditional lecture-discussion
approach. " The inatructor hed taught the c;urse approximately two times
a year for the last five years. This investigator visited the control

group five times during the lecture-discussion sessions and the

.
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Instructor's strategy was to quickly review mejor concégts of the
assiéned chaéter and thken ask 1ea§ing questions ;f the ;lass. These
questioné usually stimulated class discussion that filyéd the remainder
of the class period. - The atirosphere of the class appeared to be calm
and relaxed during this‘investigator's vi;its. A good relationshipv
seemed to be present between members of the class themselves and toward
their {nstructor. The ccntrol cl#ss thus appeared to represent a good
example of the lecture-discussion treatment.

The experimental group used a learning game In place of the
traditional lecture-discussion. A warm-up period was scheduled that
introduced the procedures and strategy of the game and provided sample
gaming episodes. This was judged important to-insure that early games
were not less iﬁstructiva due t;?:onfusion over gaming procedures.
Directions for the game may be found in the appendix.

When the first regular game was adminlstered the class reported
'they felt at ease with the technique (informal discussions with group
members were the bagis of this judgrent), Thirteen separate gaming |
sessions were conducted that required an average of one hour each.
Groupalfiﬁiuhins énrly uvsed the remaining timwe to discuss the concepts
taught in the game, This investigator's observation of the gaming
sessions and his incidental discussions with students suggested that
" the gnﬁél were, in general, well received by the class and were.a

. source of iotivation f_of the course. The r?aultu of the ;ming
b‘quéitiohnlifg réported_ln éhapter v ;111 further evaluate the class

iy

ahcebtnnce'éf the gl-l.‘ﬁ""’ T
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: The_lngtrdétof 6f the eiperimentnl group Qis the investigator

" of this study. iHe had tsught the course one time‘beque; using the

lecture-discussion technique. The lnsttuctor was available to answer

procedural questionb, but did not becoﬁe involved with dfscussions of

the éonceptq faught in ;he games, This waé thought to be important

fn keepiﬁg thg’twb tréut;enta‘as pureyus‘posslble;

53;i



CHAPTER 1V
RESULTS

The results of the anelyses performed are ptesented in this
chapter under four heedings. First, the two treatment groups are

compared usi tive preneesures (science echtevement, criterion score,
“&

ttitudo toverd science, total generel confidence in science, and total

specific confidence in science). t tests were computed to measure

possible differencea between groups on these pre-experimental measures.

' Second, experinental results are reported which measure the

. comperetive e££ect1venesu o£ the experimentel and control treatments

(ganing end lecture-discussion). This section includes five analyses
of veriance comperisons.,
The third section presents the results of using premeasures of

background, attitude, and personality in predicting the five dependent

. yariables of major interest in this study (science achievement,

" oriterion score, attitude toward science, totel general confidence in

lciencc, and total specific confidence in acience). Five sets of step-

Ivile uultiple regrellion enelyles are used for this purpose.

[ ; .

Seetion four tl concerned with the expertnontel group's

attitude toward the game and their total game score. Correlations

'* between these variables endrthe five dependent variables mentioned

ebove were perfor-nd. Next, the pre-oeaurea used above were included

in two stepwise -ultiple re;releion analyses to predict the dependent

variables of attitude toward the gsme and total game acore.
' 41
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Comparison of Treatment Groups

To avoid spurious in;erpggtgtions, a comparison between
treatment groups was performed using five premeasures (science achieve-
ment, criterion score, attitude>towérd sciénce, total general confidence
in science,‘and total specif}g confiﬁgqce}ip sgieﬁce). To perfofm these
analyses, an§ other»gpglysgqvin this4study! two studenfs were randomly

_ deleted from the experimental group in prdg; to make’botﬁ treatmeat
_groups of equal‘size (N{37“for egcﬁ group). Thé ¥esu1ts of thé analyses
discussed above appearrin Tablg 1.
TABLE i.’ Mean difference analysis: coniroi vs. experimental on

premeasures of achievement in science, criterion score, attitude
toward science, general confidence in science;'anﬁ specific

A E_apegiﬁi_gyoﬁ_nﬁdegce ;n‘ag;ech_l
| >He;s;r§'F l<rl.%di¥ééfiﬁe;;a1 G;;aﬁjzsl Contfol Group
Mean S.E, Mean S.E. =~ ¢t
Achievement - st 1.47 - - 46.29 - 1,54 .21, N.S.
" Criterfon score  27.15 .84 .  26.18 .97 .76, N.S.
Attitude -~ - “a}oo 213 - 3.3 .15 1.40, N.5.
General Confldence '~ “9.32 .37 - 9.95 .43 1L.10, NS,

Specific Confidence - 247.93 - ~ 7,87 - 259.77 7.4l 1.09, N.S.

R AR S [

. Notet 72 degrees of freedom were used in ell t tests.
Veew oo toyoran 00 R e e ) ) )

¥ The five t tests performed above indicate that for the five
dependent varisbles, considered major dependent variables in this study,
“the two groups did not differ significently at the beginning of the
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experlment; '?he use of the analysis of varlance design to compare pre
n and posc meaSures of these dependent variables was thus judged appro-
{ priate. | -
] Comparative Evaluation
] : Comparisons between the experimental gaming group and the
[ control 1ecture-dmscussion group were made in five analysis of
varlance designs (using a fepeated meesure design): .(i) the two groups
L : were compared wlth the score on four subtests of the achievement test
as the dependept varlable, (2) a comparlson between groups was made
| using the two subtest scores (life and physical science) on the criterion
test as the dependent variable, (3) the two groups were compared with a
] . one item attitude towsrd science measure as the dependent variable,
J @) the two groups were compnred using four scores on the general con-
fidence measure (confidence 1n the life, phyaical, chemical, and earth
| sclences) as the dependent vnrlable, 5) the two groups were compared
using the four scores on a specific conﬁidence in science measure
s (confidence on the life, physical, chemical, and earth science subtests)
| as the dependent neaaure.‘ The results of these analyses are reported
in Table 2 through 6.
| ’ g Table 2 shows & significant main effect for groups, pretest-
| poettest edntnutretlon, and fes-aubtests. The interaction between
- sroufs,and preteae-postteec edntnietretldn is also signiflcant. The
| 4' means oE the pre\tes:e were conpered previously (Table 1) and found to
1 ; not differ tlgnlficently. 'rhe poatteut means (69 12 for the control
I8 end 57 98 for \.he experhentel :;roup) vould indicate that the signifi-
l cent P‘e found are a reault of 2 ugniﬂeent difference in posttest

362



| TABLE 2.

Analyais of varianc

4

control vs. experimental on general
o achtevenent segmented by Eour subtests

T

. ‘Source of varlance df 8s MS F Ptobaeility
"Groups (G) Sl 164,43 ¢ 16443 5.27 .05
Subjects (J(G)) 72 7 2242.84 31.15
Exrox o
. Pretest-Posttest (P) 1 496,22  496.22  73.06 .01
CGXP 1 18173 18L73 26,72 .01
CJXP () 72 486.80 6.73
Error ‘ o )
' subtests (§) T U < 6 Tc 485.39 80,90 .17.21 .01
TGRS Mo g 66,38 11,06 2.34
J XS (CP) 632 2039.23 . 472
; Means: ' Bxperimentll Control
T " Pretest Posttest - . Pretest’ Posttest
‘General - T R o oo
Achievement 45,95 57.98 ~ 46.29 49,12
~ Achievemant ‘ .-
Life sciences : ' 13.71 15.39 12.46 12.8¢9
" Achievemeat '~ Y. T S .
_ Physical sclences 10.63 14.03 11.18 12.28
Achievement
Chemical sciences ' '~ 12.00 ' .- "-. 14,33 12,24 - 12.64
Achievement 2N it -
. Bcrth_ycﬁgpQQQ 9.63 14.23 10,41  ~ 11,31
: . {' R ’-l‘d:a‘»-",‘\",w .
. -ehievenent betueqn the groupl, with the experinentel g:oup being

.3_superior.

Tho prelubtelt leeren for

bt

. groupe lhoued L luperlor perfor-ence

7

575"

the experinentul end control

on the life end ehenical sciences.,
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The two groups did, however, tend to equalize these differences on the
posttest, with thé life scfencea score still being higher. The.sum of
the four subtests is equal to the general achievement score.
Table 3 shows a significaﬂt main effect for groups and also
a significant interaction hetween groups and pretest-posttest adminis-
tration. The mearns of the pretests were compared previously and foupnd

TABLE 3. Analysis of variance: control vs. experimental on criterion
measure segmented by two subtests ‘

Source of variance df 88 . - MS P Probability
Groups (G) . 1 1144.34 1144, 34 41.61 .01
Subjects (J(G)) 72 1980.78 27,51
Ercor
Pretest-postcest (P) 1 1552.99 1552.99 177.68 .01
GX¢p . 1 378,72 873.72 100.54 .01
J X P(G) 72 629,30 8.74
Error
Subtesus (S) 2 12,59 6.70 .94
GXS 2 41,95 20,97 3.1
J X $ (GP) 144 970.46 6.74
Error o
Means: Bxperimental Control

" Pretest. _ 27.15 26.18
Posttest | 43.2 B.L5
Pretest Life sciences 13.02 13.51
Postt;st Life ;ctonces 21.67 14,72
Pretest Physical aciences 14.13 “ 12.67
Posttest Physical sciences 21,57 _ 13.73

58. .
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not to differ 8lgnlficanF1y. The posttest mesas (28.45 for the control
and 43.24 for the experimental group) would indicate tﬁaf the signifi-
cant F's found are a result of a significant difference in posttest
scores between groups, with the enperimental group being superior. No
signiélcant differences wera dgtected between subteéts.‘

Table 4 shows a significant main effect féf grouﬁs and a
significant Interigtiqn be;ueen groups and pretest-posttest adminis-
tration. The mesns. of the pretests were c&mpﬁréd previously and found
not to differ significantly. The posttest means (3.54 for the control
and 4.46 for the experimental group) would indicate that the significant
F's found are a result of & gignificant difference in posttest measures
of attitude toward science, with the experimental grbup'being superior.

TABILE 4. Analysis of variance: control vs. ‘experimeutal on one item
attitude toward sclence measure

Source of varianace df 88 MS P Pr;;:;:;I:;

Groups {G) H 13.08 13.08 11,47 0t

Subjecte (J(G) 12 82.24 1.14

Error

Pretast-Posttest (P) ' 1 .68 .68 . 3.61

GX? 1 3.8¢9 3.89 20,81 .01

J X P (G) : 72 13.43 .19

Brror . P,
Means: ﬁxgerimental tontrol

Precest 4,00 T LI

Posttest 4.46 - 3.54

- - i
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If is intereiting to note that the gxperimén;al group increased .43
points from pretest to poéttest, while the control d;creaseq .19 points
vover the same time period. The experimenial group thus displayed 2
more positive aftitude toward science at the end of the course than at
the begirning, while the reverse was true of the control group.

Table 5 shows a significant main effect for pretest-posttest
administration and subtests. A significant interactinn is aiso reﬁor&éd
between groups and pretest-pusttest administration, The means were
compared previously (‘table 1) and found not to differ significantly.
The posttest means (10.94 for the control and 12.55 for the experimental
group) would indicate that the significent F's found are a result of
superior posttest scoren recorded by the experimental zroup. A t test
was performed between the posttest means (experimental and control)
and a significan; difference was detected. A significant difference
between suﬁteats was also detected in this analysis. The life science
measure was highest on the pretest for both the‘expeflmentlliand
control groups., The chemical sclence measure was the lowes: on the
pretests of the tw> groups. These differences appsared to be reduced
on the postrest, Lt test comporisons revealed that the control's pretest

.1n life and chemical a;tencea and the experimental group's pretest in
the chemical sciences were significantly different from thé éthef
sources in the coluvmn. | |

| The analysis of variance for specific confidence (Table 6)
revealed significant main effects for groups, pretest-posttest adminis-
tration and subtests. A eignificant interection is also prasent be-

tween groups and pretest-posttest administration. The means were

+ 60
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TABLE 5. Analysis of variance: contrpel vs, experimental on totai
gereral confidence in science segmented by four subtests

.
r

Probab

Source of veriance df SS MS ¥ ility
* Groups {(G) 1 2.44 2.44 .74
Subjects (J (6)) 72 236,51 3.29
Error
PreCest-?os:tésc (f) 1 37.00 37-00. 62,29 .0
cxeP | 1 1249 1249 20,67 .01
J X 2 (G) 72 43,76 .61
Error :
Subtestec (S) 6 19,54 2.26 10.1¢ .01
GXS ‘ 6 1.53 +25 .78
~
J XS (cP) 432 135.43 32
Error .
Means: Bxperimental Gontrol
Pretest Posttest Praetest Posttest
General Confldence
Total : 9.32 12,55 9.95 10,84
General Confidence .
Life 3ciences 2.56 3.16 2.88 2.9%
General Confidence
Physicsl scicnces - 2,36 3.06 2,52 2.61
General Confidence
Chenical sciences 1.97 J.11 2.13 2.61
Goneral Conftaence .
Farth sciencas 2.44 3. 22 2.52 2.78

a
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] TABLE 6. Analysis of variance: con:foi vs, experimental on total
specific confidence in sclence segmerted by four subtests of the

achievemer.t test
Source of variance df 8s MS b Probability
Groups (G) H 5644.57  5644.57 7.60 .01
Subjects (3 (6)) 72 53444.89 742,29 |
| Error :
Pretost-posttest (P) 1 18206.19 183056.19 41,73 .01
GXP 1 5388,17 5388.17 41,77 .01
J X P (G) : 72 9296,64 129.12
Error .
Subtests (§) : 6 %116.86 686.14 8.16 .01
GXS ' 6 672.75  112.13  1.35
JXS (GP) 432 35817.3% 82,91
Means: : . Bxperimeuntal : Control
Pretest Postest Pretest Posttest
Specific Gonfidence
Total - ‘ 247.93 337.2) 259.77 280.26
Specific Confidence .
Life sciences 70.31 83.14 68.88 74.06
Specific Confidence | .
Physical sciences 63,28 . 81442 61,06 65.06
~ Specific Confidence
Chemicglfaciepcea 62.81 80.67 64,61 10,00
| -Specific Confidence
Earth scliences i 7 : - © 61,53 82.00 65.22 70.14

6214
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comparced (Table 1) previocusly and wese found not tb diffcr'éigntfi-
cantly, The posttest means (280.26 for the control and 337,23 for the
experiﬁental group) would 1nd1cat§ that the sign{ficant F's found are
2 result of a significant difference iﬁ bosttest measures of total
specific confidence 'in tciénce, with the experimtntal group performing
in a superior manner. ¢t teets indicated that the significant difference
found between subtests were & result of differences .in the¢ experimental
and contrnal group's prctest and-postté@t specific confidence measures
in the life sciences and tlie control's pretest and posttest meusures
of the physical sciences.

The Relationship Between Predictor Variables
and Five Treatment Effects

This.section prerents tht recults of using pratxeatment
measures of background, attitude, and personality ih btédicting.the
control and experimental group s post achievement in science, post
eriterion score, poat attitude tovard science measure, post total
general confidence in science, and post total srecific confidence in
acience, The tr-atment groups were dividgd into high and low perfor-
mers by their score on the pretest measure of achievement in stience.

, The high group represented the top 50% of the scores and the low the
remainder. This procedure wss performed to detect differential
tr2atment effects for thema two cllssifiéstzgns. Table 7 displays th2
pretest and posttest means for the four classificaticns (low and high

. experimettal and low and high control) on the seven primary dependent
variables considered in this study. Five sets of ttepwiae rultiple

regression analyses ware used to pake these predictions. Each set

63 -
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TABLE 7. Means and standard deviatious: experimental and control
groupa on seven dependent variables
]

ey ——

Experimental Experimental Contgol Control

low high loy high
2re-achievement 138,94 52,94 39.05 53.94
(5.87)*% (5.25) (6.34) .1)
Post-achievement 56.72 59.44 41.7? 57.70
(5.56) (6.58) (7.6%) (5.34)
Pre-attitude 3.94 4,11 3.50 4,11
(.87) C(.68)  (.76) (.76)
Post-attitude  ©  b.bb 4.50 1.50  3.72
{.62) (.52) (.92) (.75)
Pre-critexion 25.50 28.22 23,72 29,17
‘ . (5.82) {3.83) (5.29) (5.50)
Post-criterion 43,88 44,33 26.39 31.00
(6.99) (3.96) (4.51) (6.04)
Pre Gen. confid. 8.78 9,72 9,50 10.67
. : (2.37) . (2.50) (2.18) (2.€8)
Post Gen. confid. 11,28 13,28 10.39 11.44
(3.23) (3.30) (2.72) (2.79)
Pre Spec. confid. 231.28 281,61 264.28 256.48
(40.40) (43.23) (37.21)  (50.10)
Post Spec. confid, 316,17 339.28 292,44 264,17
(42.15)  (26.44) (35.20)  (36.88)
Attitude toward the 280,00 285.00 = --e=-  =e=e-
Game (20.06) (32.40)
Total game 8core 1117.00 1208.00 R

(354.00)  (433.00)

*Denotes standard deviation =~ .
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contaira four regression enalyses. The predictor variables listed
. i ’

below were used in sll five sets of analyses:
1, sex .. . ‘
2. college grade point average
3. pre-attitude toward science
4, eaiza of high school
5. high school earth science (yes-no)
6. - preferred elementary teaching level
7. number of college science courses
8. attitude toward Computezr-Assisted Insatruction
9., pre general contidence in science
10. OPI Thinkfng Introversion (TI)
11, OPI Complexity (CO)
12, OPI Social Extroversion (SE)
13, OPI Social Extroveraion (SR)
14. OPI Thenretical Orientation (T0)

.13, OPI Maaculinity-Femininity (MF)

J 1 .

Table 8 through Tabla 27 below dnacribe the results of the
five sets of stepwise multiple vegrassion analyres perforwed. In each
of theso tables the first six predictor variables to bs extratted
were listed, This procedure was established for two reasons., First,

. ¢ / '
to insure & uniform comparison betv.aen tablas. Second, becauve practi-
cul application of the regression aqrations {n the instructicnal eatting
would dictata that only a few highly predictive varialhles be used. Of
tha six variablas listed, cnly those that increasad ihe variance
ontimate (32? by 5% and have signifi.ant P's wilf be considered in the
'dilguhsion and summary tables (Table 28 and Table 29).

Tables 8 throughi 11 sliow the independent variable's coorslatica

with the doyenden£>vuriublo (port achicvement score) as well as the

, : .
variance estimatae (R2) for each of'the vhriables extracted, ¥For the
erjerimental high and low gre.ps, multiple A2 (adjusted for small )
aftar axtracting sir variables was .46 and .72 respactively., Foc the
high and iow'eontrol groups, tha adjusted nultipla R? atter axtracting

six variables was ;53 and ,79 respectively,
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TABLE 8, Stepﬁise multiple regression variance estimates: low
‘ experimental post achievement :

Pearson r R?
OPI Complexity (CO) : s Y™
Pre-attitude toward sclence .37 - o \_. L65%
OPI Soclal thtoveréion (SB) '.-.2; LT . 71%
Preforrod el;. teaching level 20 s
Stre of high schocl Jd2 .77
OPI Prantical Outliook (PO) 22 o .80

._ | (.72)

Co \ : ‘
*Accounting 5% or wore of the variance estimate (Rz)
*R2 adjueted for sample size
7/ .

TABLE 9. AStepwise miltiple regression varisnce estimates: high
experimental post achloyelnpt

Pearson r - R?
OPI Thinking Introversioa (TI) | «50 «25%
OPI Masculinity-FPeaininity (MF) o 32 L 35%
College grad? point-averlso Y A5k
0PI Complexity (CO) _ .20 J50%
Number of collcge science courses =,07 | ‘.56
Prefexred ele, tuaching level «.07 W62
' o (. 46)m*

oy

*Accﬁungiug 5% or more of the variance estirats (R2)

w32 adjusted for sample sise

6%




TABLE 10, !itepuise -ultl.ple regreseion varhnct estimates: low
, : control post lchl.eve-aur

Pearson r - R?
PL Practical Outlook (PO) e eon
Pre general confidence -89 S | <69%
'M.gh school earth aclen;:o (yes-no) .08 o Y
| Jittitude toward Cmputer Auutcd ; o
instruction -.10 ‘ ; 80
Biza of high school , _ -0 37 ' .83
0PI Masculinity-Feminity () . .01 .85
' (.79)%%

*Accpuntin.g 5% or wors of the vnrllonco sstimate (RZ)

i U adjusted for sarple sixe

TABLE 11, stepﬂae uultiple vegresiion variance estimates: high
‘ eontrol post schiavement .

" Pearson r - Rr2 _
OPI Practical Outlook (PO) o = 46 | . o J22%
(124 4 ﬁporltgenl_o:lentltlon (10) " .43 . .321*
'Nm‘cf of co‘llego science courses ; a1 o .45*
Pn pmral conﬂdonee in acfexxe - ,25 .56*
Il;h nchool sarth science {yas-no) . ,16 .58
'G:lhp ;rad, point worm ‘ “.13 X o W67
_ : (.53)e

" .l,'.’
-

*Lceounttn. 5% or more of tiw nrluco estimate (RZ)
w2 adjuuod lor u-ph -nc ‘
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Variance estimates for the éxperimental high and low groups

(for general achluvément) both included a positive correlation with

the Complexl*v (CO) acale of the OPl. The scale description indicates ‘

that high scorers on thia scale are enerally fond of novél ultﬁatlogn

'and ideas (as night be found in 8 game).‘ The first pfedlctor extracted

among the high and low of ﬁhe cqntrol groups was a acgative corvelation
on the Practicel OQutlook (PO) scale of the OPI, The néalq descrlptloﬁ
states that high gnorez; ustally have nonintellectual interasta. The
UPI scale of Social Rxtrovertism (SE) was & predictor, for the low
experimeirital group, that vas negatively cbrrélnted with post achieve~
mert, This might fndicate that extroverts in the low experimental
group have a tendency to use the game &8 a aourcé of social sstisfaction,
without entariug into the intellecctual aspects of the gama. A

Tsbles 12 through 15 show the {ndependent variables' correlatior
with the dependent variable (post QitituSe toward science score) as

well as the varjance estimates, (R2Z) for each of the varisbles extracted.

For the experimental high andlloé groupa, multiple R? (adjusted for

small N) after extracting six ‘varisbles was .41 and .45 cespectively.
?or fhe high nnd.lou control groupa; the adjusted multiple R? after
extraciing #ix variables vas .89 and .84 respecttvely;

The pattern of variables predicting post attitude éouurd science
indieatéa that bre;agtltude is the pr’ - predictor, except fo; the

hlgh control group.> Here, the stucdent's pr"ferred'élenentary teachlng

" level vac the prt-a predictor (a high ’ncercorrelation with the other

vnrlubloa pruvented 1t from being oxtractod onrly). Sex 1 nn;ntlvcly
ccrro!atqdlvigh ppqt attityde in all four nnnlyooo. Haltu appear to

hive & iogc positive post attitude toward scfence then do the females.

t 68
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TABLE 12, Stepwise multiple regression variance estimates: low‘
xperimental post attitude

Pearson r . R2
Pre-attitude toward science F.59 - ",'“ ‘f ©J36%
" Number of cdlleée science courses =,21 ‘h  3[ >_i:‘.48*
~ OPL Theoretlcgi Ogientdtion (T0)  .35. A _:‘ x : 52
Sex . | -, 23 - 15%
Preferred ele; teaching level ~.16 59
" College grade point average .15 .61
: ST 3 (.45)%k

*Accounting 5% or more of the variance estimate (R2)

+4R2 adjusted fo: sample size

" TABLE 13, SLepwise multiple regression variance estimates: high
’ experimental, post attitude

: . . Pearson r - R2
: ; .lPre—attitudq t&wnrd ncience- | 51 “‘-‘-‘ ;26*
sex ., R T |
--Preferied eld. éolching loval =22 ?”"ﬁ *-f "i;,- Jh¥ ‘ i ).
L7 Attitude towerd Computer Assisted | . - ’ |
;7 Imstructfom. - . . -2 Ny oo
" . OPI Thinking Introversion (TI)  r.13 .52 b

1e13 . ’ .58
’ T (A1)

oPX /Mh:‘lty (c0)
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e B

" TABLE 14, Stepwlae multiple tegreasicn variance euttnatea' low

E control post attitude
o i‘:' ( o ~ Pearson r R2
N B S . S :
i l . ..~ Pre-attitude togird.ycien;e .85 i.f‘:;.ff"i e
| ] T osex e a8 ;"t'_'f f vL' .80%
L - Freferred ele. tesching, leval 12 o ‘T :' 84
E L ‘ Attitude touard Computer Assllbod -  :f i v
Inatruction =26 .86
d . OPI Thinkiug Introvereion ' -.15 .88
‘ OPI Practical Outlook -,18 - ' : 89
[[ . e ‘ : (.84)wn

*Accounting 5% or more of the varience estimate (R2)

\ R U adjuated for sample eize

r=m

| ' TABLE 13. Stepwise multiple regression vnriance eutinates. high
‘ control polt attitude - )

. . P\nrcon<; 'i »?
B a Preferred ele, z..ehing level . .67 ' o .act“
OPI Theoretical Orfentation (10)  =.31 S e
Sex T J B4
| 0Pl Soctal Extroversion (8)  -.2b Ry
College grade point sverage .18 91
;-‘." 1t - Mumber of cbllo;e science courses .35 92
! . ﬁ:_ ! . jf} oy ~ . o . :" (.89) %
' ‘ .J' L ﬂcemtm 51 or more o! tln mtua uthnu (12)
| vl ndjnltnd zof.oiinlc sise
. 1
g
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A negative correlation was also recorded for the number of college
scietce courses predictor in the low experimental group. Ths

{udividuals thac had taken more college science courses had 1 lower

: boét attitude tcward science,

. Tables 16 threugh 19 show the independent variables' correla-

vg'-tton wtth_thé dependent‘&ariaﬁle (pbat criterion score) as well as

.

" the variance estimates (Rz) for each of the varisbles extracted. For

the experimental high and low groups, multiple R2 {adjdsted for small

N) after extracting six variables wvas .77 and .69 respectively. For

the high aad low control groups, the adjusted multiple RZ after

.extractirg six viriables was .72 and .49 respectively. The G2?I scale

of Sccial Extroversion (SE) was negatively correlated with post

criterion ecores on all four analyses, The finding was similiar to

- the tesulta £ound in post general achtevehant. The OPI Complexity {CO)

lcalu uns also & primm prodictor for both high and low experimental

:'nzoupl. 80x ras na;.txvaiy corrnlatav with poet critsricn scora with
- both of thu hxpor{nnntal gro:pl, but did not appaar iu either.of the .

"control groups, o

Bt
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TABLE 16, Stepwise multiple regression variance estimstes: low
o experimental post criterion

Puarson r R?
‘Pre-attltude?tQQQrd scienca B ;52 ._*:  . o  ‘j.2f*
e] “ Sex I )  ?f i" - 47 f.;'{aHi:;;.E:_J +38%
OPI Complexity (cy :zs | .' L 48
I Pre general confidence ’ .12 ;“" : “‘:‘.;g*
Size of high school | .40>. - | T4k
} ¢2I Theoretical Orientation (70) .09 .‘ _ | 78
’ . : : (.69) %%

*Accounting 5% or more of the variance estimate (R2)

l : +R2 adjusted for sample size

l TABLE 17, 8tépw1§e iultlple regression variance estimates: high
‘ experiments’ post criterion

. Pearson r - ' R?

OPI Complexity (CO) | B Cam
. OPT Social Eatroversion @@ - ST
Bigh ochool urth -olcm (yu- | . . o
‘no) _ S r=25 o - 1L

fex Sr'" SN 31
Sise of high school a1 L

Pril;itfgtodc. toward sclence .07 T JBAN
SRR K (1)

' " *Auwattu 5'& or more of thc ml.uu nthnto (l’)
le Mjum !or oqh un '

PO
FERPEN

724



TABLE 18=  qtepwtse nmulticle segression variance estimaten: low
control post vriteribn ‘

Paarsonr - RZ

!re genéral confldence T =57 J32% -
‘ High uchooi earth nctence o '

(yes-no) . B -8 Sib

0PI Theoratical Orientation o :ﬁ o

() e W22 S _a52%
| OPI Soclal Extroversion (SE) “18 . .56
. College ;fade point average - +05 +60

: . i .o . .

OPI Masculirdity-Pemininity (MF) .05 T

R ~ (uag)**

-~

*Accounting 5% oz -more of the variance estimate (r2)

: *#Rz,ndjuated for sample size E

TABLE '19. Stupwise multipie regression varience estimates: high
' : control post criterion

Pearson r - i, o R2
Pre-agtituds towsrd science ..34.59 ifj%f_{a“f*" - o350
CPI Secial Brxtroversion (SE) . ;.53 : : o 50%
Collegs gtaéo point average R U2 . o 60%
,lf _ OPI'Thtnklng Introv.rciﬁn (11) .1‘;25‘2E 5 CoT L b8%
PR teitude tovltd co-putor Asllatod i P o , ,
tmtm :‘036 PR N 073*.
R z Srem- fog E NN ‘3"‘. 4 o B ‘ . .
ort rmu sal 0utloo_k D Cart SRR IR |
: \':\- ‘ AR T P I R ' ('72)”
ﬂcmttu 51 cr r8 o! tho mumu uthnm (a2)
. **12 odju&m'. !or n-plo sise :
L 3

- - - ¥A__——77ﬁ‘»".
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rables 20 through 23 show the lndepend nt variables' correlatlon
w!th the depenaent variable (post 3ene*a1 rontldence in scierce) as

'>we11 as the vaziance estimates (Pz) for each of the variables extracted.
' {

For the experimental hlgh ‘and low groupa, nultiple R2 (adjusted for -
B i

small N) aftvr extracttng six vartables waa .78 and 73 respect “2ly,

For the high and low control groups, the adjuated multiple RZ afier

extractiag qlx variables was .89 and .79 Feapectlvely. The pre general
conftdence‘scale is the prime predictor of post general confidence for
all four groups. The numdber of col;egc science courses is again
negativuly corralated with the dependeﬁt verieble for the low erperi-
mental group an 1t vas in post attitude. The remainder of the variable

ure nixed and do not praseat deftntte putterns.

TABLE 20. Stepvisa multiple regression variance estimates: low
' experimental gan%ral cbnt idence
, l

i

o ' a Pearson r .
Pre genaral confidence in sciencd .57 : 33%
Number oi college science courses -.29.- 1%
High lcﬁoolzcurth science (yes-no) ; -, 25 « 59%
oPI Thcorettcul Ortentutlon (10) . 27 5%
CP1 sociul q:trovorslon (88) - =05 J73%
or1 Prcctleul Outlook (PO) ‘ -.03 JB1%
| o o oo *i SRR (73)**

ilcqonnttn. 51 or more o tho variaaco estimite (22)
**l? ndjuctod for l-plc litc ‘

74
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IKBLE 21, stepwiye multlple regre!sion varllnce estimates: high
experimental geubzal confidance

-~ e, o~

L T T 7 "Pesrepu ¥ - R?

| 'Pre geheral attltude tmrd sctencm - .7:1 S | .51*
‘Size of high school ' T .6‘3 | +60%

~ ort 'mnuna zntrovaruon T R ‘.;-al_O L 76%
“Prefet;red ele. teachlng level id :8,2
OP1 ‘l‘heoretlcal Orlenutlon (T0) . .ib B4
ngh ac!wol earth lclence (yeu-no) .0‘2 .87

: : (. 78) %k

T

*hccounting S% or more of che variance estimate {rR2)

* w2 ‘adjusted f.of ouﬁple size

'TABLE 22, Stepwhe nultlple royreulon varunce estimates: low
: control gemrnl confidence

SRR i‘oanoln r X R2
Pre-general confidsnce o .52%
Sex v . 0.42, 1%
OPY Soctal Bxtrovaraion (gsS < L0
OPL Practical Outlook (P0) . 82 JT5%
GPIComplexity © ST 81%
L o u«uimty-rumnm (!'-!) o1 .85
B e e (- 79)k
oo ‘f . — — "‘»',* -r«u -
T - Hecountm 5$ or -or’ pf‘ﬁthol;ua?oc uthnu (lz)

‘ m’ ujnuo& !ufn-plc sine

e
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TABLE 23. Stepwise multiple regression variance estimates: high
. conttol general con!idencs
L .
% ; E ;;;raoﬁ r R?
Pre general confidence ' B oSh¥
' OPL Practlcsl Outlook (PO) ; 21 .68%
' High school earth aclence (yes-no) -.634 . :7?*
0PI Masculinity-Femininity ) .21 J79%
L Preferred ele. teaching level 39 87
oPI Theoreilcal Orientation (TO) .50 J92%
' ' ' (.89)*

*ﬂcqounttng 5% or more of the varfance estimiate (R2)

wkp2 ldjusted for lanpla ulze

Tadbles 24 through 27 chow the independent variables’

rorrelatlon vlth tlie dependent varltblo (pout specific confldenco in

aclenge) yu.uell as the varlanee elttnntco (R2) for each of the

variables extracted, For the experimental high and low groups,

| sultiple R2 (ldJultcd for small W) aftor axtrletlus six variables wae
.69 a:d .53 respectively. FPor the hl.h and lov ;ontrol groups, tho

| § udjuutad lnltlplc ]2 aftor axtracttr; utx variables was .b9 and .23

] ‘ <re|poettvely. The pre ;tnnrtl confidencd meacure and the sise of the

lhlgh chool uoro th- two prlln pmailetorl for the lov nd hl;h

4npcrunut uupl. Yhe mml groves did Dot mnnt any consisteat

R RN ¥ T P

pattorna.

'7‘$¢.



54

TABLS 24, Stepwiso multiply resnuion variance eatimtes. low
- e oxpertunul ~péc1£1c coufld.nce , .
i

" Pearson T - . RZ

‘P;-e grae. 11 vgonﬂdence L W58 ) &

. $tge of high school N R L
Sex ‘ L : - ‘ s .0.3 . Y i
|OPI Complexity (CO) - 205 ek
Numbaz of éqllege science courses  ~.14 .66
0Pl 8ocial &trowruon (BE) .13 .69
o ' 3 {.53)%*
T v B
*M.countins 5% or more of the varisnce sstimate (R2)
**Rz odjuutod for uq,le siza
TAMLE 25. Stepwise multiple regrecsion var hnco ut(.utea* high
. ¢ .0 7. experimental np’ctﬂc eonftdonce
' E Cearan A ey .”f , h‘r‘” r - .. -’, ‘," nz
Sise of hi.;l; -cbocl B Y 3 SRS T A
R L S R P AL I
Pre nmulieon!ulom 8 AL Y- L
SN : t- S
Attitude tmrd co-putn Autlted A o
Ithtm‘ LR e i ‘o, 40 e jened R J6L% .
; ) ‘ | ; I . o
s.x R " i B c ey ’.gl‘ P s . -“3’ S o .66* -
- m Socisl Briroversion (8R) - .- 08 . . R
_ m muua; Inteoverston (T1) . KT R P |
I, ‘.’ wﬁ_ S _Nll-' D Y - . ‘ ‘ - L (069)** .
Wnttu 51 ov: non o! tln muaeo ntmu (ni\

"yl aumu ‘or u-m oise

7%
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..., TABLE 26, Stepwise multiple regression varisnce estimates: low -

control specific tonﬁdence

: N fearsof\ r. . R?
" - OPI Complexity (CO) Sz am
OPx Pract:lcal Outlook (PO) A ' « 24% .
. 0PI Social xf'xcroverstor{ (5B .10 _ L 30%
Size of high school | 23 .33
College grul.e point average 27 . «37
O Theoxetical Orientatlion (T0) .23 45 . !
S ' (.23)*

3

g

- *Accounting 5% o) more of the variance estinate (Rz)

++R2 adjusted for sample sizh

TABLE 27, Stepwise multiple regressicn varianze estimates: high '
control speeific confidence .

_ Teareoh r R?

mmukm Introverston (TI)  =u43 .. J18%

.cncnl confldonco i B 7 $32%

Sse of high echool ' o g

Pre-attitudq toward ecience 1 -.Q:S » 50%

 Bex | , Pt .S6%

' lk-bcn af college soience courses 31 . » 64%
= C (.49)**

2 .

— . - :
*Acg‘cuntlng 5% or more of the variance estimate (12)

-?‘lz-tdjﬁc;od '!or".qnplo oo

78
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Tables 28 andl29 beiow list predlgfcra that account for 51 of"‘
:,ﬁs!ore‘df the Vaflancg_eatlhate of the preﬁlqtlﬁn equations fncluded fn
this aecﬁion. These cnblel ssparated thc predictor variables nceord-
H,lng to thoae that were common &nd unique predlctora for th= various
clauslflcatlona.

: IABLE'ZS. Ptedlctore for achlevement and critevion score hich ;ccoun:
" for 5% or more of thP variance eatimat° .

o

Experimental Control
-]
] - ,
) S OPI Complexity (CO) oP1 Practical Qutlook (PO)
K] Y're.attitude toward Total general confid.
b science High school earth science
& OPI Social Extroverslon (yes-no)
(SE) . OPI Theoretfical Orientation
E Sex’ (TO)
S 3ize of High school
. OPI Th’ leing Introversion Number of college science
I {TT. p courses
- 8 OPI! rmsvullntty-renlnlnity pre genera! attitude
8 {MF) tovard =clence
g . COllega grade polnt :vlragq OPI ,School extroversicn (SE)
g - OPL. Complexity (CO) . - College grade point average
g - Pre: general confid, * OPI Thinking Introversioa
. science ] {T1)
. if .. High school earth - - Attitude toward CO-putor Allilted
o . selance (yes-no) - Igstruction :
ot
Yoot ~ v
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Predlctors for attitude

TABLE 29.
’ 5% or more of th

’nd copfldewce which account for
e variance estimate

Experimental

Control

0PI Complexity (CO)

Pre general attitude
toward sclence
OPI docial Extroversion

(sB) -
Sex ;
stze of high school

OPI Practical Orientation
(PO)

pre general confidence
tn sclence

OPI Theoretical Orientation

9Pl,fhlnklng Introversion
(11)

OPI;Haaculintty-?gmﬂntplty

(F)

College grade point average OPI

OPI Complexity (CO)
Pre general confidence
in science
High achool earth science

Number of college science courses

Pre total atkitude toward science

OPI | Social Extrovertism (SE)

Collekge Grade point aversge

Thinking Introversion (TI)

Attitude toward Computer Assiste-d
Instrnction

™

|

jh__gpl tionship hetween Attitude Toward the

and Total G

IO

Selacted

em8 Score and Other
Variables

This section is concerneu vith Eh§ experimental group's

attltude tovard thn game and thelr total ga-e score. The dependant

varublu uled are the sum oE s sulng questlonmtro -uurlng attitude
towlrd tha g-t and 'y total sln- lcoro co-putod fron the separate game
scores, Table 30 dlaplayn s cotrelntlcn matrix tor the above two

nrublu o.nd ou\er hporunt dopendcnt vhrlablu uaed in this study.

Tablo °0 lndlcatel that thart l- & ll;nlflcant corrolatlon

+

(p( 05) ‘\.men . ltuéont'l attltulo twprd the 3-0 and his poat

sty HE PR U I \|“.'\1Y". i

ue‘qlmt scora, Thers u furthoi‘ . signt ficant comlqtton (p< +01)

bctvnn the otuaont'o cttuudc tovitd thei gane and his post general

80
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TABLE 30.- Correlation matrix: attitude towards the game and game
o score with other important dependent variables

- e . post post post
- Post Achieve- Post . attitude general specific

: . ment. ~ criterion sclence confid, confid.
. - "Atritude tnnard‘ . ‘ . ) .

the game .., ... .33% - 04 .02 - .52% .27

Game total score -, .17 . .09 - .28 5322

Mean s.D.

Attitude toward )

the game 283.78 ©27.62

Game Total score 11208.11 _ 394.67

. *indicates significant .05 level

*%{ndicates significant .01 level

confidence in eclence. The total gane,aco;e aiso correlates signifi-
cnntly (p<.01) wtth ﬂw post general conftdence in science,

The flfteen premeasurea used ln the previous section are used
again ln the annlyeea presented ln Table 31 through 34, Here they are

Aueed 1n n stepwtse multlple regreselon nnalyste that uses attitude

townrd the game nnd totnl geme score as the dependent vertnbles.

Fioaul by EDaia A ﬂ‘—; Srresso \,)__
- Table 31 ‘shows the predlctlon of total 3ene score for the low
LARE ‘J“‘W Bos EOBT SN I XTI
) experlnentnl group. The ndjueted -ulttple nz nfter extrncttng six
ol . - AT I VI I | g;) LN Py x”“‘ 23§ s

: f,'vnrtlbles vas 40, Tnble 32 shows the predtctton of total g:ne score

eV ER ~.Jﬂ) fef U LA !zx ,’E,'t v:‘ HONE AL IR

' ':‘for the high experlnentnl group., - The ndjueted nultlple Rz eftet -

S . 3. ‘lr'~,,.:n TN S § N Boka R Tpme apin s
L - exttacttn; six vnrtnblee vas ,56. The pnttern of vnrtnbles are very
Lo REG e A0 SRR EN LIS SR HT RAD RS AR S
‘ n‘i?‘?‘ f,?f ,t?,‘.,f"f' groupl. Tha OPX scales of Ooqlexlty (00) nnd
. ¢ i ! . ¢ = ) ER TTRRN g} 15 B it‘iullz 5‘; & \’)f}j P R N B R T
B i el T e ey e~ 3 . 3
T ij ‘ | ‘I5“*““3 3*5? $$3_lt3::£};p¥;7 t}..<}-év,$§féh,h’fhuf“;.‘ x
ERIC " L

Aruitoxt provided by Eic:

‘EEIP
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TABLE 31.--Stepwise multiple regreseion variance estimate low
experimental group's total game ccore

Pearson r R2
OPL Complexity (CO) - ‘ - 54" : .29%
OPI Practical Outlook (PO) - =47 ‘ A Y
OPT Social Extroversion (SE) . .27 . ' A43%
Pre general confi&ence | o 36 A7
Sex : ) .22 _.54
OPI Thinking Introversion (TI) ‘ . 24 » .58

: - (.L0Y*%

*Accounting 5% or more of the variance.estimate (Rz)

**R2 adjusted for sémple size

TABLE 32.--Stepwtse multiple regress!on varinnce eatimerte high
experimental group a total game score

eaxrson I

OPI macuxtﬁtiy-remtntntty' ) Lo .80 L .25%
Size of_ﬁigh school ‘ . SR /S I .38%
Pt:ferred elementary teaching level - -,20 YL
OP1 Practical Outlook . l <: «39 . | 1 _ Y A
: Pre general confi&ence o . 13 C .65
OPI Thinktng Introverston (T1) .. =10 - .69
. - (. 56) %k

‘“'. ke e

*Accountins 5% or more of the vartance estimate (R2)

**R2 adju:ted for a-plc nt:e :

R )
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Practical Outlook (PO)_Are the prime predictors and the low experimental
group.' The OPI scale of Mascullnlty—Feminlnlt} (MF) and the size of
the high school'are the prime predictors for the high experimental
group. Adair (1971) states that prediction of total game score is
typically very difficult. Many factors are said to influence the
scores that are ;ecorded.

Table 33 shows the predlptlon of attitude toward the game for

the low experimental group., The adjusted nmultiple R? after extracting

six varigbles was .59, Table 34 shows the predictioh of total attitude

toward the game for t+ ..1gh experimental group. The adjusted
nultiple Rz after extractiﬁg six variables was .66, Thie pattern of
‘predtctors are very.mlxed. No predictor that accounts for 5% or more
.of‘the varignce is Zound in both tables.

TABLE 33.--Stepwise multiple regression variance estimate low
- experimental group's sttitude toward the game

_ Pearson r R?
OP1 Theoretical Orlentation_(ﬁo) . 47 J22%
High ‘school earth eéience» (yes-no) -.37 » . 36%
Number of college science courses -.23 bk
sex | - . -12 .S6%
OPL Nnuculinity-?enlninity M?) | .31 | .66%
. 0PI Complexity (CO) - IERIE R R 1t
oL | - (.59) %%

L

~ ,j<f£ *Accounting 5% or -bré_of the variance estimate (%)
wip 2 udjultedvfo-r sample giic i '
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TABLE 34.--Stepwise multiple regression variance estimate high
experimental group's attitude toward the game

—

Pearson.r : RZ

Attitude toward Computef Assisted

Instruction . -.52 J27%
Pre general confidence .30 .39%
Preferred elementary teaching level -.29 S52%
OPI Thinking Introversion (TI) 44 | ) .65%
OPI C.omplexi.ty (co) -.26 T LT
Pre attitude towa:d science . .27 . 75%

(.66)**

*Accounting 5% or more of tue varfance estimate (R%)

#wg? adjusted for sample eizc
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CHAPTER V
{ ' DISCUSSION

Analyses of the Effcct of the Two rreatments

An analysis of variance design (reported in Table 2) was used
to test the following research hypothesis:

_ The regular use of a sclence education game as a teaching strategy
with black graduate students results in a measurable improvement
in their general science achievement as compared to students
taught with lecture-discussion techniques,

A aig1ificnnt main effect for groupa, and pretest posttest adminis-
tration vas detected. The interactiun between groups and pretest-

posttest ndmtnistration was also aignificant., The means of the pre-
teatc vere compered (Table 1) and found not to differ significantly.
The po.ttelt means (49 12 for "the control and 57,98 for the éxperi-

mental group) would 1nchate ‘that the significant F's found were a

reqult of a aignlficnnt differenpe in posttest achievement between

oo

groupa vith the experlnental group being saperior. The research
J hypothesis of a superiorlty in pouttest science achievement for the
genin; troat-ent y’t therefora confirmed. =
A ugn'lﬁfl.e.n't Idifzf;ar.aru:.e \:u also found on aubteats. Pretelt
" means for the two trutuntl thd the 1ife sciences scorlng highest,
i,"‘ followed by the elw-ical lciencel. phyneal sciences, and e.rth :

. oclomz 1, Polttnt nnnl for both treatments showed the life sctancu

. ?. L .
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significant diffetences'between the pre and post subtest scores for
all four areas of science in the experimental gfoub. Significant F's

were also found between experimental and control post eubtest scores

"in all four areas.

“

The résults on the science achievement test can be interpreted
as indicating that the members of the gaming grou§ were more motivated
to study their test assignments than were the lecture-discussion group.
Students in the gaming group indicated by informal interview, that
they usually made good preparation for class sinte the game displayed
their ﬁgaknesses. It is speculated that the students in the lecture-
discussion group did not read their assignments as regularly as the
experimental group and were forced into last ninute reading before the
final examination. The gaming stvategy.uas thug thought to promote
achievement in science by motivating students to perform their outside
resding in a meauingful and regular fashion. These interpretations were
based on observarion and informal interviews, rathet thnn being bnsed
on data. |

i

The‘following research hypothesis was tested by an analysis

-of variance design (Table 3)

- The use of a science education game with students will result in
& meagurable difference in their mastery of specific sclerce
concepts (taught in the game) as coupared with studenta taught

' with lecture-discussion techniques. _

A nignifiennt nein effect for groups nnd pretest-posttest administration

was displayed (Table 3). A significant interaction between groups and

"ffg;;g,.gigo.tg..t administration i¢ also revealed. Again (Table 1),

NPT - »
t teste indicated that pretest means between treatment groups did not

differ qisnificnntly; APoitteat means did, however, diffes significantly

ww

B REY
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'(28.45 for the control group and 43.24 for the experimental group).

The significant F's found were thus a result of a significant difference
‘{n posttest criterion scores between groups, with the experimental groue

being superior. The research hypothesis of a superiority in posttest

,criterion'scere for the gaming treatmont was therefore confirmed. A

significent-difference on subtests was not shown in this table.

The criterion test contained questions covering specific
science concepté erbedded'in the games. Both groups studied these
concepts in their reading nssignments; The superior performance on
the criterion test by the experimental group suggests that the game

served to focus the student's attention on these concepts and perhaps

" show their relevance to science teaching. The superior performance

of the gaming group on this posttest suggests that games are capable of

tenchlng as uell as motivating the students.
The thfrd research hypothesia tested (Table 4) was:

The regular use of a science educetion game as a teaching
strategy with students results in a measurable improvement

" in thefir attitude toward science, as compared to students
taught with lecture -digcussion techniques.

X '
L PRI

A signiflcnnt nnin effect fot 3roups and a signif!cant interaction for

BRSNS FEN Lo 517

group! and pretest posttest administratton was found (Table 4). t test
R

results (Tnblu l) reject the hypothe;ts that there is a difference in

el Lt SRR PTY JURES

pretent nenns faf the tvo treatmenta. The conttwl group drops from a
R GROYR JOYdany onY roT GP 0D

_mean of 3.73 on the pretest to & nean of 3 56 on the sosttest, while

the experi.entul group increases fro- * -nn
Vo000 Ciang pilaran fadid s cabes S .

same peasures, The nlgnlfitcnt r's reported in the table are thus a

o megtguth ldnr p iR ontog T st )
result of the significant 1ncrecae {o polttent attitude toward science

' of 4,00 to 4.46 on the

""lt‘atrrm . *""l"f'~J|)J' COLAT 1Gab iy BT * :
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recorded by the gaming treatment. The research hypothesis concerning

changes in attitude towars scienge was thus confirmed.
The 1mprovement in attitude toward science on the pnst measure

for the gaming groun suggests that the gaming strategy was efficient

1n reducing their negative conception of science. The lecture-

o discussion group’actually lowered their attitude toward science on the

poat measure. This stratesy wes probably similar to the one the
students experienced in high school and at ccllege which .establighed
their original attitude toward ccience. The superior achievement

exhibited Ly the gaming group may further have improved their attitude

toward sclence.

Two anelysis of variance designs (Tables S and 6) were used to
test the following wesearch hypothesis:
The use of a science education game with atudents will result in

" a ‘measurable difference in their confidence in mastery of science
concepts as compared with students taught by lecture-discussion.

A signlflceht main effeét for pretest-posttest administration of total

generelyconfidence‘was detected. A significaut interaction is also

."shoyn for groups and pretest-posttest administration, Again, a t test

fodicates no aignificant differences between pretest means for the

. two groups. These signifieant F's are a result of superlor total

general confidence dlaplayed by the gnming group, since their posttest

) -eouurel are aubatnntlally higher (10 94 for the control roup and

' 12 55 for the experinentai group)

tlLly

ey oA Aq analysle of veglance deslgn for total speclflc confldence

[

» in sclence was next perforned (Table 6). Thls table dloplaye a

L N EAMCEE LY .;,,_’

>llgnlf1cant -nln effect for groups end preta.t-posttaat ldliniltrltlon.

.
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A significant interaction is also found betwz2en groups and pretest-
posttest administration. Again, a t test lndlfates no significant
difference betweenlpretest means for the groups. The significant F's
are again attributed to higher total specific confidence displayed on
the posttest by the gaming group since the posttest means were 280,26
for the control group and 347.93 for the experimental group. 4 signi-
ficant main effect for subtests was also discovered. Lt tests indicated
that the significant differences found between subtests were a tresult

2f differences in the experimental and control groups pretest and

‘posttest specific confidence measure in the life sciences and the

contiol's pretest and posttest measures in the.physical sciences.

These results suppért the research hypothesis regarding
differences in confidence in science between the treatment groups. Both
weasures (total general and ;peclfic confidence) appcared to be sensi-
tive in recording dlfferen;es in this variable betwean groups.

The superior confidence displayed by the gaming group on the
post measure may b? a result of many factors.. One factor may be the
gaming group's superfor uchleQemént lp science; that is, confidence
should be a dlrect‘functlon of the levél oflthelr mastery. Second, the
gaming strategy may have increased student confidence by allowing them

the opportunlty of verbalizing their knowledge of science ln front of

: the gnnlng group.

I AN
1 - ¢

ghe Predlctlon of Treutment !ffecta

Heuns and :tnndard dev(utionl for tho seven dependent vurluble;

: used in stepwise nultiple regresslon vere llstnd 'Tnble 7) The

- groupo were divtdcd £nto hlgh and low eo-ponentl uccordtng to thcir

O
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pe;formance on the pretest of achievemcnt in science. Ihis dicptomy
was formed to determine whether similar factors predicted the dependeat
measures (achicvement, attitude and confidence) for the high and low
greups. The high group contained the top half of the distribution
and t’ low group the remainder. The trend throughout this table is
for similar pretest values for the experimental end control groups.
As reported in the previous section, thelexperimental gaming group was
uniformly superior on the posttest measures.

- It is important to nete that the experimental low group went
from 38.94 on the pretest of science achievement to 53,72 on the
posttest, while the experimental high group changed from 52 94 to 59.4%
on the two measures. The high and low control groups each gained about
3 points, This would suggest thet the gaming technique was more
effective in promoting achievement‘for the low experimental group. The
results displayed on the taﬁle suggest that differene factors may be
dictating success for the high and low groups of the two treatmenta.
These high and low classtflcatiens were thus used in testing the ‘
following research hypothesis:,

Backgtound and personality variables will be differentially
. useful in predicting success in the two treatments (games
- and lecture-dlscussion)
IEERE ERS Five sets of stepwise multiple,regreeslon agalyses were used
. to predict the fie dependent variables of primaty‘intereat 1n this
study., Fach set conttined an tnnlyais for the high and low experimental
. and control group:. 'me above reoenrch hypotheaia may be simplified by
BRSOy 1Y Ry N
o -a;in;hthetkit hypothesizea that 'Y different arrny of the predictors
iy (AT

will be- useful in érediction of differing groups. This woula tend to

1 *, ‘;-l) (._x: . s’;h(,‘ W s‘“ ‘:‘4__‘,_31 R Tt T

O
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indicate that the predictor variables.were sensitive enough to detect
different factors contributing Eo the deﬁenden; varigble measure for
the four groups under tnvesttgatton (high and low experimental and
control groups)

This research hypothesis was investigated by comparing the
prdpo;tion of'coﬁmoh and unique prédictoré in two sets (Tebles 28 and
29).- The first set was a}l variables (accounting for 5% or more of the
‘variance) used in the prédiction of general achievement in sci-u:e and
criterion score, These were predictors of cognitive success, The
second set included all variables (again accounting for 5% or more of
the v#riance) used in the prediétion of confidence and attitude toward
.science. These were pre&ictors of affective succesé. The first set
(Table 28) contained 10 common and 12 unique predictors. The second
. Bet (TASle-29) contained 8 common and 12 unlque'predlctors. This
pattern Qould suggest that the reseafch hypothesis that background
" and personality variables will be differentially useful in predicting

success in the two treatments was confirmed.

Vlriance Estimates of the Five Primary Dependent Heasur“s

Twenty tables (Table 8 through Table 27) present the variané
_estimates (Rz) for fhe 5 primar) dependent variables. Each dependent
;AVItllble has 6 tables. 1 for each level (high And low) of the experl-
-enul and control groups. huuley (196&) preuentu a tlble vhich
; Andicates that for the degreel oE fte\don And nunbor of varlablea

N3

" included (for .u 20 lnulyuo) . mum. eathute (nz) of .66 e

,,_requlred for lt to be signiflcunt at the .05 level of llgniflclnce.

oA A sd (R IETrA B Ly

__'mu 66, -unt be the variance estimate for a R2 eorrected for sample sise,

L‘ ]
- H ,,"'L ’* T d’; {‘l 'y ‘;"Iu' sorged g S A
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~The varfance estimates for the dependent variable of general
k achievement i{n scilence was first presented (Tas1es 8 thfough 11}, The
low experimental and contro! group's variance estimatey ;re both
slghlficant (.72 and ,79 respectively). This findinz would suggest that
the predictor variables did not measure énough of the relevent factors
;haé determine achievement in science for the high experimental group.
- This group did nat have the degree of improvement in posttest
score that was displayed by thg low expeflm;ntdl group., The restricted
range may have reduged the p&ﬁer of the variance estimates.
Variance eatlmates for éttltudé teward .science appeared next
(Tables 12 through 15). Bcth the ﬁighband IoQ cbmporents of the-
experimental treatment fell below the significant level (.45 for the
high and .41 for the low). Both variance estimates are‘slghlfigant
for the control group (.84 for the low and ,87 for th2 high). This find-
ing would suggest that the factors affectlng attltude towa -4 sclence are
more complex for the experimental treatment and thus mor wifficult to
predict.
The varilnce est(ma '8 for the criterion measure followed
_(chles 16 through 19) Both the high and low experimental group's
. varlance eatimates :re aignlflcant (.77 and .69 respectively), The low

Lo <'-‘ .

control group s varlance estlmate did not reach fhe significant level
( - 69) The hlgh control 3roUp 8 variunce estimate did reach the .

AR

aignlflcant level (R2 .71) ' The factors important fu predicting the

AP

_low LOhthL groupu perfornlnce on the post criterlon measure were not

S I T I T T T PN
- ndequatcly lanplcd in the 15 pred‘ctora selected frr the ‘analysis.
. A Yo -‘T( AT j‘ :"‘.' ady s P I
*,1, fg V.rlnncc eltinntel for totcl ;eneral confiden:e in science were
2 Q" ~§u_» . J__‘__ ‘I£ " IF‘ R e k".w’

the next: pcrfor-ed (Tablea 20 through 23). Hnro sll Eour groupl reached
ERIC s " o9
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" the sign‘ficsnt level for the variance estimate (R2 .73 for the

experimental low, .78 for the experimental high, .79 for the control
low, and .89 for the control high). Tne high variance cstimates are
mostly due te the high correlation between pre and post attitude toward
science (pre attitude being one of the_predictors).

The variance estimates for fotal specific coﬁfidence in science

were the last presented (Tab}e 24 through 27). Here only the variance

estimate for the experimental high group is significant (RZ = ,69 for

the experimentat high, .53 for the experimental lbw, .23 for the con-
trol loq, and ./ for the control high), This was the wcakest area of

prediction for the 15 variablzy. It i{s possible the students may

- fixate on a certain level of the specific confldence scale and thus not

" record a true measure of the':r specific confidence. This would serve

to make prediction of this measure more difficult.

In all, «v variance estimates were computed with 12 reaching

-the aignificant level (60%). Tctal general confidence in science

appeared tc be the dependent variable best estimated by the 15 predictor

* varisbles. GCeneral sciencea achievement was predicted significantly

for the experimental and coutrol low groups, but the high expertpentcl

and control group's variauce estimates were not significant. Attitude

""toward science was predicted significantly for both control groups,

‘but fell short for the experimental groups. Total specific confidence

was the most difficult dependent variable -to brcdtct. Only the experi-

mental high vacience entinafgjunh significant for this group. .
H f“"f Host of the vnriinca oatt-nte:'(GOZ) were of & high enosgh level

'to be prlctlcnl for prodlction vhcrn a ehoice of learning ltrntegios

are lVlillblc. Studonts entering tha science educntion course used for

.
gﬁ !
.
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tnis atudy could respond to the measures required for variance estimates
in less thsn.one hour and a half, On the basis of the variance esti-
mltes.cohputed; the student miéht be diredted to either the le:ture-
discnssion or gaming‘trestments.

If the stepwise nuittple regression equations are used for
student assignments, a search fot more sensitive predictor variables
should be 1n1tiated The instructor must also decide which of the
A dependent variables he wishes to maxhnice for the student (achievement,

attitude, or confidence), If differentxal utility weights are placed
" on these three learning outcomes, a prediction eguation might be con-

;.gtructed which reflects a cdmbined prediction. ?or this step to be:

- practicai many.instructional strategies should be available, With the
advent of the computer, regression equations are becoming more nractical
for student assignnent.

- Many interesting patterns of sredictor variables are observed4
in these variante estiiates, Sex wsslthe most frequent vsrieble
extracted, appearing 10 times in the 20 tables. Attitudeltowsrd com-
putor assisted 1n|tr"ﬁtion lnd the OPI scale of Hnsculinity ~-Femininity

e (HF) were the 1eslt Erequent predictor vsrisbles sppearing in the tabies

":(each appearing & times), 1In generll all 15 variables app-sred fre-

. quently in the tables. The mean for all predictpr variables was eight

“'aénecrances in tta table (wtth a standard deviation of 1.55)., This

l data sug-gests that all 15 variables were useful in several of the .
vsrunce eotimates, ' O Bt Bl tae w s _ P S

Pt ! The OPI acnle of aocul throvertun (SB) nppeered 9 times in
"the 20 tablléa.‘ 8ix of ths 9 tinu it nppured it was negatively .

N - .’
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correlated with the dependent.varfable. The'3't1mes 1t correlated
P Jitively were in the verianoe estimates of total specifio confidence.
©It would nppeur that socinl 1ntroverts (low scores on this scale)
form better 1n generel in both treatment groups, The soc1al
extroverts may be more. entertaired than 1nstruoted by a game.
' The OPI soele of Complexity (CO) eppearec seven times in the

tables:. Stx of the seven ttmes it oorreleted positively with the de-
P X

Te-ut

pendent eridble*Yﬁﬁain it oorrelnted negetively in one of the total .
snecific confidence tablew). The scale déscription of Complexity
stateés that high scorers on this scale generllly are fond of novel
»situattone and ideas. Itiis interesting to note that the gaming group

"had five positive correlations in this area to only two for the

control. goup, -

Tha size of the atudent 8 high school eppeered nine times in
¢ the tobles as N prediotor vnrieble. In seven of its eppearences 1t
oorrelnted poritively vlth the dependent vnrieble end two *imes it

oorreleted nega‘ively. It uould oppenr thlt students from lnrge high

.achooll uauolly score blgher on the dependent vnrlnblea oonaidered in

" this study.

e

s . The predictor variable of preferred eltmentnry teaching level

.3 appeared seven tines in the tablea. Five timea teachera preferring

Y

upper elementlry grndes performed 1n a superior manner on the dependent

“ vnriable.» Teocherl preferrlng louer elenentlry grndes wevre onlv

i’ - | ouperior in tvo of the tnbleo.» In generol 1t uay be ldvnnced that

Ll

. T?"f‘teochorl preforrin; the uppet ele-ontnry level are better performers

(: P >'$ S IR A I
2V
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" The OPL scale of Practical Outlook (PO) appears eight times in
the tables., Five tines‘it is negatively correlated with the deper-eat

V4riable. The scale description of this predictor describes high

scorers on this scele'us'generslly'hsving‘non-intellectual 1nterests.

' expected

These results appear to be generally consistent vith what would be

Sex appeers as a predictor vsriable 10 times in the tables.
Eight times it is positively cortelsted with the dependent variable.

This indicates that women 1in general score higher on the dependent

ueasures used in this study. This is a surprising finding since males

are thought of as surpassing vomen in their interest and achievement

in science.

The OPI scale of Theoretical Orientation (TO) appears nine .
timea in the tables.l In eight cases 1t is positively correlated with
the dependent vsrinble. The scale description states that high scorers

on this scale are interested in science. The results of this study
Ce g

would tend to support this statement,

DA

The student': sttitude toward computer-assisted inatruction

appelre five tinel in tie tables and wse negatively correlated with

the dependent Vlrilble in nll five cases, This data indicates that

R

persons scoring high on the de;endent v~~lables are more resistent o

E chlnae brought about by computer assisted instruction tha~ are the

AR

lov ssores. The high scoring students may ba move confident in their
tenching lbility snd not feel thot they rcquile lidl.

‘}'131’ 5 i

The OPI seslo of Huculinity-raininit, m) sppuro four times

"-'f;l‘f 2 ldynagy R &7 a-'t;_( e

“ta tho tsblcs. _Bach ti-e it lppcltl it i- poiitlvcly correlsted vith

B ff"l-
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thé depéndcnt variable,l The'scale description for Mascu;in;nity-
Feminihity says that high scorers on this scalé are geggrally }n;ere%tad
in scientific m;tteré. .- This €inding in tg; study is thus consistent
with this description. ° .
The otﬁe; sik predictor variables had mqre:mixed regul;s and
ﬁrends are more difficult to isolate. In general, most ofxghg 15

a,bredictor variables correilated in the direction that would be expected,

Relatéd Questions

A correlation matrix was included to answer the following

reiated»resé#rch ﬁuegtién (Table 30): o
‘_Is there any measurable relationship between attitudes toward
. ‘the learning game and total game score and the five variables
" nf primary interest in the study (general science achievement
score, criterion score, attitude toward sclence, gene;al con-
fidence, and specific conliidence)? ' ' ' T
The taﬁlé reQeals

hat a student's attitude toward the gémé is
cignlf;cnntiy @ositivglj corkelnfed with his posttest achievement

.33) ﬁhd also'uith his bosttest total‘general confidence

_score (v =

REFIAL

L S IPSUR BN ALY ey oL, IO R
" measure (r = ,52)., There was, however, 10 significant correlation for
Lygd <4018.98 i %0 ot i . L o
poattest criterion score, posttest attitude toward science, or total
el Lot EY aenhh v Teetes a0 i o
. specific confidence in ‘scfence. Students responding in a positive
Idve v b e i Letadgins oy

. . | oo
narnet to -the gnming questionnaire thus did significantly bctter on

. their general science achievement posttest and also indicated a
R R L I R TR : P
superior total general confidence in ecience,

B T R S R

This tabie (Taﬁieméo) furfhér reveals that only general confi-

PR .
e '
Sle ot

. o 3 Vevianl Yo Bbtin e adr T seainon v .

“* - dence is significantly correlated with the totai game score (r v .53).
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:'Varience estimates were computed for the experimental high and

low"gfoup's attitude toward the game. The low group tad a variance
eetihate (extractihg'six variables) of .59, while tae high group had
.66, The pattern of variables was again'mixed.‘ No predictor, that
eeéeunted fot 5% of mere of the §sriance, is found in both tebles. The
NAs variance eétiﬁete for the high group ia‘significant‘at the .05
{é§é1. Attitﬁde toﬁsrd\the game fr thus easier to predict for the high
gfoup than the low. ‘

-:.. Variance eetimgtes were also‘cemputed for the exper;mental
vhigh and low group's total game score, The low group had a variance
cstimate (extracting aixvysrisbles) of .40, whtle the high group had

56;4 ihe“battefh ot_vhttehleg were very mixe§ for the two groués.
The Ofi eeslee‘of‘comblexityh(co) envaracticei 6utlook (P0) Qere the
prime predigto;e_fpt_the }gw experimnhtel group, The 6PI.scsle of
mascultnlty-gemihthtty (HP):ahd the eite of the high school were prime
predictora for the high experimentei. Total geme acore‘lppeared‘te
. be a difftcult dependent vsriable te predtct..irhe‘tetel éame score does
‘not, appeay to reflect the ltudents chlevement ot his ¢tt£tude toward
>‘ac1ence._ This fihqing ia slmiler*to one reported by Adaix (1970) Yere
ncorea on.s Iociology game were poorly correluted vit» achievement and
were difficult to prediet. ’ | ‘
In conclusion, phapter v haa diacussed the. results reported
3 in Chapter IV vithin the ftlmework of the research hypothesec and

e telnted queation- outiined 1n Chapter ! The reaults of lnnlylis ~f

1 B0 e

- voriance co-parilonc tndxcatcd atgniticantly auperlor posttest relulta

in nchitve-ent 1n science, ettitude tovnrd -ctente, confidence ln :

scienca, nnd the lelrning of apecific conccptl tau.ht in the ;a: for

Qg {-’ c
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the experimental gamingvgroup, as compared to the lecture-discussion
control group. High and low éroupa were identified for both the
experimental and control treatmenta on the basis of their pretest

measures of achievement in science. Stepwise multiple regression

analyses were performed for these four classifications and fllustrated
that individual perionality and background churacteristics could

- differentially predict the post measures. The studant attitude toward

the game (as measured by a gaming‘queationnaire) correlated pouitively

with the post achievement and co1£idence in science measures. The

. total game ‘score also correlated positively with the post confidence .n

science measure,

An important finding of this study was that low achiever. in
science benefitted most from the gaming strategy. Tﬁeir achievement
posttest scores nearly matched those ot the high uchieyenent group.

Me learning game used in this atudy thus acted to réduyce the difference
in achievement detected‘on the pretest, while roiaing.the achievement
mean acore for the entire group.

Results of this study indicate that a:learning game cf this
type nay teach conceptual material, as well as serve as & source of
motivation. This finding uould suggest that leerning games have a
more comprehensive role in an inatructionnl systen,

The results of this study thus suggest that a learning game of
this type may be an effective aseht in providing & learning eavironment

that fosterl grouth in both the cngnitive and affective dminn.

B
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DIRECTIONS FOR "CHALLENGE"

A SCIENCE EDUCATION .GAME

Introductlon )

The game of "Challenge" is deslgned to allow the player the
opportunity of relating his knowledge of sclencg to the elementary
classrcom situation. A classroom experience is presented {n each of
-the game's episodes. These are followed by a student question that

is central to the concept under consideration. .The player must assume
the role of the teacher and answer the lnqulry in a selentlflcally o
acceptable manner. . . L R T

: Specific dlrectlons

. 1. The materials required for the play of the game must first.
be distrlbuted (3-6 players may play the game, with 5 ideal).

each player recelves

a. challenge-accept card

b. * thres cards bearing 5, 15, and 25
other materials , R
a, score sheet and episode cards

b, start cards :

‘ " 2. Bach player draws one of the start ﬁafds that have been
placed blank side up on the table. The person drawing the card with
" the highest number is the first judge.

3. The judge for this episode first fills in the players
nanes on the score card. He thén opens the first episode card and
reads the classroom experience.

4, After the classroom experience has been read, each player
must decide how many points he.or she wlshes to wager on the episode.
- This decision is made by placing the appropriately numbered card
number down in front of him. The judge does not wager in an episode.

. 5. .The judge next rnads the student questhn. The person to

"the right of the judge is given the first opportunity to give an

appropriate reply to the question. He has the option of passing to

. the person on his right, If he passes he has 5 points subtracted from

. his score, The turn continues to pass to the r’ght until a player

 dacides to answer the question. If none of the players chose to answer

- . the quastion, the judge receives 25 points added to his score, This :
", is the only vay the judge can lccumulate polnto during an eplsode. o

6. 1If an anever 13 31Ven each player (except the fudge and
peroan anlwertng) must decide whether the answer is appropriate for
the question., The relevance and accuracy of the answer should be -~ °
weigied. ' Hhon the decioion is -ade the playor plaeeo the challengc

89
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or accept face of his card up to indicate his acceptance or rejection
of the answer,

7. The judge next reads the answer appearing on the cpisode
card and decides whether the answer given by the player is close enough
to be judged correct. An answer should be judged correct if it
gencrally conforms to the answer on the episode card and does not
introduce 1ncor;ect information. The decision of the judge is final,

" 8. The player answering the question first turns over the
card that represents the number of points he has chosen to wager. If
he was correct in his answer he receives two times that number of points
sdded to his score. If he was incorrect and challenged by any player
he loges twice the number of points wagered. If he was incorrect in
his answer, but not challenged by another player, he receives the
number of points added to his score that he, wagered, Each of the other
players turn up the card representing the number of points wagered. If
they accept a correct answer or challenge an incorrect answer they add
these number of points to their score. If they challenge a correct
answer or accept a wrong answer, the number of points wagered is sub~
tracte from their score,

9. The judge is responsible for recording all points won or
lost during the episode., When all points have been recorded the
person to the right of the judge becomes the new judige for the next

‘episode. The game continues fn a like manner for 6 episodes. The

player with the highest number of points at the completion of the game
ia decllred th» winner. .
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' EARTH SCIENCE 7-] SAMPLE GAMING EPISODES

Classxroom experience

’ " The clasn 1is working on .a unit on nan's progress to the moon.

] . One of the students drought a magazine article which discusses the
problems that astronauts will face on the moon. One of the major

: - problems was weighing only 1/6 as much as they do on tha earth. A

] 180 pound astronaut would weigh only 30 pounds on the moon. -

g‘ ues tion .

','The ';u'wation was raised why a person's weight should vary.on
the moon and if this might have something to do with the moon lacking
aa atmosphere. .

Answer

" A persou's wuight is & result of his attraction for the body
- he is near (usually the earth)., The larger and more cense the bod-
the more attraction. There is also more attraction the nearer a

parson is to the body. This attraction is called gravitation., T.»
. moon 18 much tmsller than the earth and thus has only 1/6 the
.- attractive poser (or gravity). If the moon ever had an atmospher.
it probably was lost due to the moon's weak pull of gravity. The
atmosphere probably floated into space. ‘ -

S

i

Concept

Gravitation is a function of a body's density and distanc.
from arother object. : o

92
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EARTH SCLENCE 7-3

Classroom experience

. ~ Your class is working on a unit on the eskimos. One student
tells the class that he has read that near the north pole they have
very long days in one geason and long nights in another. Anather
member of the class says that he has read that we have sessons be-
csuse the earth's axis is inclined sbout 23.5°, The class confivms
this fact by looking at the globe. He goes oun to say different
parts of the earth gets different numbers of hours of sunlight each

. . day,. depending on the season, 7The mo:ze sunlight that a part of the

. earth gete, the warmer will be that season. The time when we have

the most sunlight is sumrer, )

. guestlon

The question is asked why the snow does not melt in the norti
pole when they have the long days. '

Answer o
During this time the éunlight-hits the north pole at a large
angle., The sunlight is spresd ‘over a very larga area and _hus does

not heat the land the way it would 1if it were direct lunlight (like
falls on the equator).

...Concegt

The caulc of the changing leulonn.

93
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EARTH SCIENCE 7-4

. .Glassroom expexience

3 . One of the members of your class is very interested in

: astroncmy. He was selected to give a report on the subject to the
c¢lass. In his report he peinted out to the clase that we see stars
only at night becavse the 1light from the sun hides them during the
day. He went on to say that the stars appear to rise in the east and
set in the west each night. 7his is due to the revolution of the
earth, not because the stars move. The ancient people named many

a4 clustcrs of scars and called these constellations. The constellations
visible at night change during the seasons. x
J ‘ uesgtion

.  The question wae asked why the big dipéér and the north star

. can be seen the entire year, while the mzjority of constellatious

- - ~hange fronlsedspn to season. ’ L :

| : .. Anewer

: LS I RO SR S . ) N

" .. 7" Tha stars near the north and south poles are nesr the axis

"7 of rotation of the earth, As the earth turns on its axis these
stars thus do not change their position very much. A star directly
&t the-north or south pole would not appear to mdve at all,

Concept .
" Why thcfltirl at the north end south pole are seen sll year.

o8



EARTH SCIENCE 7-5

Ciassroom experience

A member of the class informed the class that a total eclipse
of the sun is due during the week in their area. He goes on to say

- that during the eclipse the sun will disappear for a few minutes.

Another member of che class said that they had an eclipse of the

. sun a few years ago, but the sun was not completely hidden. Another

clasé membet said that he had also heard of an eclipse of the moon.

gue!tion

The questlou was raised as ton what causes the total and
partial eclipses of the sun and what wae an eclipse of the moon.

.

An swer

An ecllpse of the sun occurs uhen the moon is in just the
rlght orbit to block the light from the sum from reaching the
earth, If the orbit is a little high or a little low a partial
blocking occurs and we call this a partial eclipse of the sun. '
When an eclipse of the sun occurs it only covers a small band on the

" earth. These 2clipses are rare because the moon's orblt around the

earth makes an angle with the earth's orbit around the sun, go tie
moor usuully pasees too low or too high to cause an eclipse. A lunsr
culipre 1e caused by the earth casting a shadow on the moon.

gggcegt : ‘ | ‘.fi

}€As»_€!c The causes of an écltplq of the sun and moon. .
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~ BACKGROUND AND GENERAL ACHIEVEMENT MEASURE

BiOGRAPHICAL DATA

. Please answer the following questions as accurately as possible,
Record your responses on the special ansver sheet provided. Please
do not write on the booklet,

1e Sex a. male - b, female ‘ ‘
2, Class . a. freshmen - b. sophomore c. Junior
d. senior e, graduate
. 3. Overall High School Grade Point Average (choose 1eareat value)
a. D or below b, C-toC ¢, C to C+
d. B toB+ .- e. A- to A .
4. Science High School Grade Point Average ]
) a. D or below ‘ b. G- to C - ¢, C toC+
d. B to B+ " e, A-to A
5. Hathematlcs High School Grade Point Aver age
a. Dorbelow . -~ b, C-toC ¢c. Ctof+
d. B to B+ e, A- to A ‘
" 6. College Mathematics Grade Point Average ‘ ‘ .
a. D or below . b, C- to C ¢, CtoC+

7. College Mathematics Grade Point Average
’ a. D or below b. C-toC ¢, CtocC+
d. B to B+ e : I

L_B; College Science Grade Point Avercgg ‘
;T a. Dor below ‘t’ " "be OG- to C ¢. C toC+
Dtide Bty B+ - e A-toA ro

9. 1 am Presently taklng
n. ny first undergraduate science methods course
_my second undergraduate science methods course
c. a graduate science methods couroo AR
d. none of the abm "v"_ TETOTR b e

10, ¥hich g ;h best deacribe o attltu e Louardu

- u.d oo

a. l diultko the tubject very much ‘s .. -7
b. 1 dislike tre subject most of the tima
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‘c. I am neutral towards the subject
d. - T enjoy the subjsct most of the time
e. 1 enjoy the subject very much

~ 11. Which of thefollowing best describes the enrollment of your
o High School?
a, 0-100 students [\ 100-300 students

¢. 300-500 students d. 500-1000 students
e. over 1000 students R

-wllz.' wOuld you take an elective science content course if you had
' room on vour schedule? 2 -
a. no - . . b. yes

13. Did you take high chool Lhemisg_z?
a. nol - o b. yes

_14. Did you take rlgh chool phxslcs?
. .va, no . R - b. yes

15. Did you take high school earth science?
a. no T b. yes

16, Did you take high school biol_gx?
a, no . . b. yes

17. Did you take college chemist_z?
a. no ) b, yes

18. Did you take college pysics?
“ a, 'no . S . b, yes

19. Did you take college earth science?
a. no. B b, yes
[ . . S
20. Did you take college biologz?
a. no . b, yes

21, 1ou thlnk elementnrz science should be taught by a special
.~ “sclence teacher rather than by a genersl clussroon teacher?
_ » a. no o b, yes
- T . ’ ;-‘.‘,' M ;f‘.'.
22, 1 attended high school 1n S : ’

: &, Southern Florida -, b, Rorthern l‘lorld:

., ¢, anothér part of the south . _ d. the northeast
e, the midwest or far west ... ... - .

23. ' Iwould prefer teaching = + .« - i
a. K-2.grade - b, 2-4 grade S -
) ¢. 5-€ srldQ R I T R R . ‘

PR - e ae et : .
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24. I feel that science for elementary school children

. TTa. 1is a waste of time - . T
b. . is not as important as the other basic.subjects
c. 1is sbout of equal importance with the othier basic subjects
d. is more important thau the other basic subjects .

25. I have taken the following number of college mathematics courses
"a. noane.’ ) b. one
c. two ~d, three
e, four or more

26. I havz taken the following number of college science courses
. a., none : b. one ’

c. two o d. three g
e, four or more ‘

27. Which of the following describes your feeling towards science
laboratory? '
. a. I disliked them very much
b. I disliked them most of the time
c. I can take them or leave them
d. I liked them most of the time
e. I liked them very much -

28, If you could take only one science course in college, which of
the following would you choose? -
a. physics )
b. chemistry
.. -~ c. earth science
. d. biology : ’ g
e. public health

29. Which of the following best describes your high school science
teachers? : ‘

a. much poorer instructors than my other teachers

b. a iittle poorer instructors than my other teachers

c. about averege Imstructors B

d. a little better than average

e. much better than most of my other teachers .

4 30, Do you think science is more appropriate for men to teach than
- womeml . . o o S .
BT L b 8 DO S s '

iAo be yes T T

techniques do you think is best for teach-

.1, & « carefully explaining the concepts and principiea of science
b. demonstratig the concepts and principles of science using

scierce equipment .
¢. letting the children learn -the corcepts and principles of

gciencea for themselves by discovery methods

v,:ligif N b\.
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32. You are an elementary school teacher and your principal has just
S .asked your permission to use & computer to teach science in your
classyoom. Which of th following would bc closest to your

K T I!'Eﬂnl. N N - .
a, no, @ think a computer is an inhuman way of teaching child-
ren ’ ‘ ;

b, no, I think I can do a better joo than a computer
c. maybe, I would have to see what {t is like first
d. yes, I will give it a try S
s, vyes, I think it is a very good idea

-'.Skip answer 33 to 39 (on answer sheet)

40. Which of the following statements best describes your knowledge
of the general science content that is appropriate for elemen-
tary school? .
i 8, 1 am very poo ly prepared -
b. I kanow a little about some of the areas of science
c. I know something about most of the areas of sclence
d. I have a pretty good knowledge of most of the arcvas of
science S )
e, I feel very well.prepared

;» ARBA I The Life Sciences :
(includes: animals, plants, reproduction, human body,
living things and their habitats, and other related subjects

41. Wnich of the following stater=nts best describes your knowledge
of the areas of the life sciences that are appropriate for
elementary school :

- a, 1 am very poorly prepared ]
b. 1 know a little about some of the areas of the life sclences
- ¢, 1 know something about most of the areas of the life
Lih i .- sclences . to .. - )
d. I have a pretty good knowledge of most of the arca of the
11fe sciences o ‘ ‘
e, I feel very well prapared

it

i

] PLEASE ANSWER ALL THE QUESTIONS RELOW TO THE BEST OF YOUR ABILITY.
_ THE -PROBLEMS RANGE IN DIFFICULTY FROM EASY TU HARD. YOU ARE NOT
EXPECTED TU ANSWER ALL THE PROBLEMS CORREGTLY. AFTER EACH QUESTION
. _ . YOU WILL BE ASKED TO RATE YOUR CONFIDENCE IN YOUR ANSWER, YOU ARE
. 4r'-v:1 PROVIDED A SEPARATE SHEET THAT DESCRIBES THE RATING SCHEME TWAT
7~ YOU WILL USE THROUGROUT THE SOOKLET.  PLEASE MAKE SURE TWAT YOU PLACE
57200 YOUR RESPONSES IN THE CORRECT PLACE ON YOUR ANSWER SHEET.  IF YOU WISH
4ritr 70 CRANGE YOUR ANSWER ERASE YOUR PREVIOUS ANSWER COMPLETELY,

KA R VI .
» T T B BIIRER
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43, One difference between plants and animals is ghgt only nlants
‘contain C e g I e
a, sarbon. - T
" b, oxygen . AT
c.  caellulos - e T e

d, livtng matter

44, Your confidence measure for problem 43 (aan leparate sheat)
. 45, All fungus plants . . } ‘
-+ 'a, arc gray or brown 1n color S
- b.  are poisonous ; . R
¢. are unable to manufacture Eocd
- d, grow on trees - .

46. Your confidence measure'for problem 45

47, Molds and mushrooms grow best ln an environment that is
a, warm and dry . ’
b. sunny and moist
c. dark and moist
d. cold and moist

. 48, Your confidence ieibure for pioblem 47

. " 49, The region in which an organien nornally wakes its hon is
' called its
© &, adaptation , T
b. habitat T
c. abode ' -
d. burrow

50,' féur conftdenre nnalure for groble- 49

) 1 “The tiny units ot structura .nd Euaction An thn hu-an body
heieteinare the TR T e SISy .
e tlesues 10 g
b. organs
ot cellw et L e
N ‘\-l‘ ’du bones = U N L

?f:f;sz.' zour confidence measure for g;oblc- 51 )f ':,vi S
'f433}7;u33} The ktdneya. ckln. and lun;l of the body are similar bucauso chcy

- 1\: - each ‘ . »
’ T W .ld tn bteuthlng LA yi ':" . —Z:;,{f"" , ‘,‘i_. SN}
. b, aid in ctrCulatlon of the blood ‘ '

¢. aid in digestion AN
d. give off body wastes T

84, Your confidence measure fo: problem 53 ‘

| 113 N | t



56,

58,

T 60,

102

55, ¢ Séhrches'and,sugara_are T R T
a. carbohydrates =~ .- AN
bl fats ’ : § -
- e¢. proteins S K
d. minerals
Your confidence measure for problem 55
ST e :
- 57, All body functlons of an 1ndividual are coordtnated by the ';
a. brain - Cateme gt oo
b. nervous system :
c. heart Doommealy v e e S
d, circulatory syatem ) ' »;,h
Your confidence medsure for problem 57 n
59, In a balanred aquarium, plants aupply the fiah with foqd and
a, water . D
b. carbon dioxide e o
c. oxygen N o -
d, shelter ; T
Your confidence measure for protlem 59
61, The type of reproduction wvhich two parents are requiréd is known
as . . : o
a. binary.fission
b. asexual reproduction
¢, budding
d. sexual reproduction

»562.

Your confidence measure for problem 61

> ‘hlch ‘of the following statements best describes your current
" ‘estimate of your knowledge of the areas of the life lciencea that .
are appropriate for elementa schooI et
a. 1 am very poorly prepared

.x.

’;irf”f 'fl,’,64‘

b,

c.

‘- d.

SR n,oti LNCE

An cnl-al vith eisht 1ega is the ,\.g 3J‘;13

a,
b.
C»

. d"‘

I know & 1ittle about some

1 know something about noct of tho
_'uciences

of the nreaa of the Hfe sclences '
areas oi the 1ife

1 have a pretty good knovledse of -ont of tho areas of the

life letenccs .
1 feul v‘ry vtll prcpcred

ant cabd med L et
house fly . .
mosquite -. BEITNRIE
spider ‘
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Your eonfldence measofe for problem 64

. 65.
66. Feathers are most useful to blrds because they
e a, ave good ieat insulators . . -
b, lessen the wveight of the bird
. €. protect the ovird from gun shots and large mnmmals
d. have bright colors " I e
67. Your confidence neosufe for'pfoblem 66
‘68. The smallest living thing which can cause disease in the human
is a - . .
- protozoan
b. virus
c. flea’
d. enzymes
?1. Your confidence measure for problem 70 ’
72, Insulin is a substance used to treat people havins the disease
known as R . : ) .
., &. . cancer . ”"‘“f :
o0 b, diabetes = ' U T ‘
c. polio
. - d. malaria -
'73{ Your confidence measure for problen ’2
74, The stage in its life-history uhen an insect appeats worm-like
" is o S
.~ 3. 8, adult
f Caer beoegg o DT T o to :
c, lapva ' U TN LT T
. d, pupa '
-i;'75{ Your congldence neasure for proble- 7%
76, In the human eye, the inngo ll forued on tha B
frvgey b &0 pupdl C I o
. bs lens oo f”' ot e Vfl" PR
2iaje gr Ce vetina o SRR
. ‘.. do itl! = - * »*f Poode o
39T, }-“ e . ) .
17, Your confldence neaaure for groblen 76 -
e D R -

Y

78.

;:‘f;«

The number of calorles in a food repreaents

&
b.
cl
dl

. the. vitamin content in the food

the ease with which the food can be digested

the amount of energy that can be obtalned frou the food
the mineral content of tho food :
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79. Your confidence measure for problem 78

80. The balance of nature among organisms is
' a, parmanent

b, always changing

c¢. never disturbed i

d., unaffected by food supply

81, Your confidence measure for problem 30

£2. Pollen grains are produced by the
’ a, sepals
b. ovary
c. pistils
d, stamens

83. Your confidence measure for problem 82

84, Which of the following statements best describes your current
estimate of your knowledge of the ‘areas of the life scienges
e that are appropriate for elementary school
a, I am very poorly prepared
b, I know a little about some of the areas of the life sciences
¢. I know scmething about most of the areas of the life
sclerces
d. I have a pretty good knowledge of. most of the areas of the
life sciences
e, I feel very well prepared

AREA II The Physical Sciences
(includes: magnetism and electricity, gravity, friction,

light and sound, simple machines, and other related subjects)

85. Which of the following statemznts best describes your knowledge
of the areas of the physical sclences that are appropriate for
elementary school
a, -1 am very poorly prepared
b. I know a little about some of the areas of the phyalcal
sciences
¢. I know scmething about most of the areas of the physlcal
sciences
d. I have a pretty good knowledge of most of the areas of the
physfcal sciences
e, I feel very well prepared

86, - If the S-pole of a bar magnet is brought near the N-pole of
: another bar magnet, the magnets will
a, repel each.other
b. lose their magnetism
. ¢, - attract each other
Q d. produce an electric spark

116 1



105

' 87.' Your confidence measure for problem 86

88, Of the foliowing, the one that trnnsforml eloctricnl energy into
machanical enorxy is
a, a magnetic compass
b, an electric motor
¢, a dioping needle o
. d, a lodestone - A

. 89, Your confidence measure for problem 88

90, Of the following, the best conductor of electricity is

a. f{ron Sty - . e
b, copper 0 oot

c. tin '

d. zinc

91, Your confidence measure for problem 90

92, An electric lamp producee light because

a. electricity is brigh¢{ and yellow ',

b, the bulb is filled with argon v

c. the interfor of the bulb is a pnrtinl vacuum
d. the wire in the bulb is heated - -

93, Your confidence measure for;groblem 92

© 94, The attraction of the earth for all objects is cnlled

a, density
b. pressure
c. gravity
d. barometer reading

95.' Yonr confidence mensure for ‘protlem 9%

96. Of the following, a machine does not

RLEREE B multiply force

" 99, Ygur‘confidencc measure for problem 98

b. {increase speed | .
¢. change the direction of a force
~d. 1increase uork_[;\{>‘ . e re im

97. Your ccafidence measure for problem 96 = o

98. The -ovement of one object over enother il |loned dcun by
a, gravity - =~ .

“Ttoin be- prEsSUTe ., ..fY o 4 v, .
- e. friction
d., heat

11401



'100.

101,

- 102,

103,
104,

105.
106.

107.

109-

108.°

106

The principle that every action has an equal but opposite reaction
was first stated by :

.8,  Einstein .

b. Newton
¢.. Ford
d. - Edison |

Your confidence measure for Eroblem 100

The purpose of the lens {n a camera is to

- a. ' focus an image on the film

b. cut out the bright rays of the aunlight
¢. keep dust away from the film -
d. regulate the amount of light entering the camera

Your confidence measure for problem 102 -

The warmest air in a room is
a. directly below the 1adiator
b. 1in the center of the rootn.
¢. near the ceiling

d. near the floor

Your confidence measure for problem 104

Which of the following statements best describes your current

estimate of your knowledge of the areas of the physical sciences-

that are appropriate for elementary school

a, 1 am very poorly prepa..d

b. I know a little about some of the aress of the physical
sciences

¢. I know something about most of the areas of the physical
sciences

d. I have a pretty good knowledge of most of the areas of the
physical sclences’ . L

"e. I feel very well prepared

A jet plane { sometines called supersonic because it is able
to travel at a speed greater thnn that of

a, light

b. a conventional propeller alrplane -

¢. radio waves
d. sound

Ygur confidence !giodie for problem 107

An electric curront consiuts of a flow of .lectrical plrthIel
called .

a. neutrons

b, orotons

¢

e, electrods %o I U

d. rautrinis

’ilrl.u._“ : y



112,

110.
111,

113.

115.

16,

117.

s 107

Your ébnfidencé‘deasure for problem 109

The push reguried to overcome the resistance of gravity is
known as

~a, effort force

b. pressure
c. weight

ﬁf inertis

Your confidence measure for problem 111

At any given deptl., the pressure ¢ serted by water 18
4. greater rownward than upward . .
b. greater sideways than downward

¢. greater upward than dowvmward

d. the same in all directions

Your confiderice meagsure for-groplem 113

A rocket can travel in outer space because it

“a. uses oxygen of the atmosphere

b, 1is weightless in space - -
c. carries its own oxygen supply
d. does not require oxygen '

Your_confidence gggshre problem 115

The bending of light rays as they pass from air into water
is called “ . :

-a, reflectfon

" . b." dispersion -

18.’

119.

c¢. refraction

.d. energy conservation

‘ Ygui confidence measure problem 117

In the summer, telegraph wires are strung loosely to sllow

. fo;

“-a.” expanaion when cooled

" 120,
. 121.‘

12‘ .

b, contraction when heated

¢. expsnsion when cooled
d. contraction when cooled

Your confidence messure problem 119

The ramber of vibrations pex second of s sound is ¥nov as ite
a. pitch ) . L

b. frequency “

c. loudness e

d. tome e

8250

Your coufidence -‘icﬁf« ggkgleiilzg n
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123,

124,

125,

126,

127.

108

The type of circuit in which it is posaible for one branch not
to nperate without sffecting the rest of the circuit 18 Called
a, 1in parallel

b, in series ;-

c. a €luorescent

'd, a short circuit

Your confidence rating for problem 123

A machine consisting of a bar which can rotate around a fulcrum -
is a R

3, Wwheel aund axlr

b, lever - - -

¢, cylinder

d, screw

Your confidence rafing for-groblém 125

Which of the following statements best describes your current
egtimate of your knowledge of the areas of the physical sciencea

_ that are appropriate for elementary school

a. I am very poorly prepared

b. I know a little about some of the areas of the physical
sciences

¢. I know something about most of the areas of the physical
sciences

d. I have a pretty good knowledge of most of the sreas of
the physical sciences

e. I feel very well prepared

ARPA 1IT _The Chemical Sciences

128.

129.

" 130.

(includes: atomic structure, chemical changes, acids and bases
energy, and other related subjects)

Which of the following statements best describes your knowledge

of the areas of the chemical sciences that are appropriate for

elementary school -

a. I am very poorly prepared

b. I know & little abont some of the areas of the chemical
aciences

¢. I know aonething about molt of the areas of the chemical
dciences BTN

A form of matter which has a definite volune but no definite shape

Y I
4, gas - :
2o lHquid *
¢, bLiid

d. lutpenoion

Iour confidence measure for problem 129

s T
NEERINE SR .
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131,

132,

133.

T 134,

135.

136.
_-137.

138.
139,

140,

141,

142
143.

109

Of the followlng, the one that is sn element 18 . .

water o . SR
b. hydrogen ‘
¢. carbon dioxicls

“d. salt

Your confidence measure for problem 131

The bubbling in soft drinks or sodas is due to
a. ailr dissolved in the liquid

'b. carbon dioxide dissolved in the Ilquld -

c. alcohol in the liquid

- d... sugar in the llquld

Your confldence measure for problem 133

A girl thrusts s glowing spllnt into u bqttle containing a gss.
If the splint bursts into flame, the gas in the bottle ‘is

a. steam

b. oxygen

¢ carbon dioxide

d. nitrogen .

Your confidence measurt for problem 135

An element present in all common fuels 1is
8. carbon

b. nitrogen ‘ .
c. phosphorus
d. sulfur

Your confidence measure for groﬁlem 137

St

011 or grease prevents steel from rusting because it
a. keeps the air away from the metal :

b. keeps the light awsy from the netnl s .

c. keeps the metal werm

d. ' makes the metal slippery

Your confldence'nelsure for groble- 139

Clorine is often used in water purlflcatlon to ..
a. clear muddy water

b. kill some harmful bacteria e
¢. serve as a goap ) P
d. soften hard vcter ) - '

Your conf;dence -eulure for ;roblcn 1&

0f the following, the lubstcnceu that conductn heat wmost
rapidly is . =

_a. copper

b.  ‘asbestos

R Y h
|‘(l 5

121



144

146.

/ - _’.-'1'47.
148.
149.
150.

151.

145,

110

c. glass '
. d. mica

ijour confidence measure for problem 143

When salt is boiled in an open pan

a. neither the 3alt os water evaporates
b. only the salt evaporates

c. both the salt and water evaporates .

" d. only the water evaporates

Your confidence_néasure‘fof gfoblem 145

Water is coﬁposed of the elements
a. carbon and oxygen = - - ‘
b. carbon, hydrogen, and oxygen

‘c. hydrogen and oxygen
d. " nitrogen and cxygen

Your confidénce measure for problem 147

which of the following statements best describes your current
estimate of your knowledge of the areas of the chemical sciences
that are approprisdte for elementary school ’
a. 1 am very poorly prepared

b. I know a little about some of the areas of the chemicel

sciences

c. I know something about most of the areas of the chemi:al
sciences ’

d. I feel very well prepared

Energy g

a. can be created

b. ‘can be destroyed o

c.. can always be stored T :

d. can be transformed from one form.into amother
) rs oo - .

Your confidence measure for problem 130

152. Of the followin3, the element that is naturally radioactive
a. helfum H o tooenceighes o L
b. radium : Ce e
c: phosphorus Sodwheoti
 d. magneaium R
153. Your confidence measure for grobleﬁ 152
. : : AL DA mgl tvesaa
i l‘:_yig.::,i Poaens Gelr Doonynduy o2



154,

111

When matter is changed fn:o matter havlng dlfferent propertlea,
the type.of change is called . P :

.. & - a physical change

155.
156,

157.

158,

. a chemical change
an electrical change

b
d. an atomic change

Yohr confidence measure for nggblgngsh

A common substance containivg an acid is
a. baking soda

b. flour

¢. s8oap flakes

d. vinegar

Your ¢ onfgdence measure for problem 156

Oxidation takes place during the process of
a. - burning . .

S b. ‘melting

. 159,
160.

161,

,lgé'

c. absorption - o
d. evaporation _ '

P

.Your confldence meaaure for groblem 15§

To lepernte water lnto ita elenentl it ll neceolary to
a. add sslt and then boi the solution rapidly

b. add sulfuric acid to the water llovly

¢. boil the water rapidly . .

d. pass an electric current through the vater

Your confidence noalure for grgbLe- LGQ

‘The type of eaergy trcnsfomnatlon that takel place in the

atorage battery of a car is
8., heat to mechanical

<. b. wmechanical to electrical

K 1“ L]

165.

£ 163, -

¢. chemical to electrical

d. electrical to mechanical .
Your confidepce measure fgr’gggblcn 162
L O A it T ) .

A metal that is ltquid at room te-porlturc 1e l

a, copper
b, lead
€. mercury
d, sinc

!gur confidence measure for b
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; 112
166, A substance that cause blue 11itmus paper to turn red is
- a. alcohol

b. an acid
" ¢. & base
‘4. a salt

167. Your cornfidence measure for problem 166

168. The poisonous and odorless gas given off during the operation
L of an automobile is
a. carbon dioxide
b. carbon monoxide
N c. nitrogen
e d. oxygen ..

e

169. Yeour confidence meaéﬁie for'ﬁfoblém 168

170. Which of the following statemenca best describes your current .
. estimate of your knowledge of the arcas of the chemical sciences
that are appropriate for the elementary school
a. I am very poorly prepared
b. I know a little.about some of the areas of the chemical
- sciencea
c. T know somethlng about most of the areas of the chenlcal
* sciencegs "¢
d. I have a pretty good knowledge of most of the areas of the
chemical sciences
e. 1 feel very well prepared

The Earth Sciencea ‘
( includes: the atmosphere, wenther, soil .and conservation, the
" crust of the earth, and the solar systen -nd.univerae)

N

171. Wwhich of the following statements belt delcribes your knowledge
C of the areas of the earth lciencel that are appropriate for
elementary school .
a. 1 am very poorly prepared K
b. 1 know a little about some of the areas of the eurth sciences
¢. I know something about most of the areas of the earth sciences
d. . I have a pretty good knowledge of most of the aress of the
. earth sciences .
- a. 1 feel very well prepared

172, Air is o )
a.  single gas
b. compound of two gases:
c. compound of three gases
4. wmixture of several gn:e;

e 173, Yo ﬁ! sgggldggsg !gg.urg for grob Z




1724,
© . a.. barometic pressure :

C17s.
176,

177,
178.

179.

180,
“ :» a; are larger than the earth

181.
182,

- 183,

- 113
The percentage of water vapor in the air ‘is. called

b. relative humidity -

. €. saturation

d. water level

Your. confidence meagure fuf problem 174

The sun is &
a. star
b. planet

v e. satellite
" d, galaxy

Your confidence measure for problem 176

- The inclination of the earth's axis is one of the causes of

a. night aud day o .
b. seasonal changes 4 o
c. tides

d. hurcicanes

Your confidcnce measure for problem 178

Stars are seen because they

b. are many light-yeara away
c. glve off their own light and heat
d. reflect sunlight

Yoyr confidence nza.gré for problem 180

'Sandatone is a aedt-cntary rock because 1t is

a. formed by heat o
b. formed by water . .
c. made in desert areas e

d, made of sand -
Your confidence meagure for problem 1 2

The - breaking down of the rocks of the of the oc:th‘l surface is
known as :
s, ltratlficatlon . e _
b. weatharing o - .
‘¢. - evaporation . -, . o

‘. decay ..oa- o

185,

I et e

~ Your f de ' re for pr . ;'3ji¥ﬁ’d.f L
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. 186.

114

Decsying plant and’ animal matter 13 usually found 1n

-a, topsoil
.. b, sand

R RN

- ¢, 8ubsoil

187,

188.

189
190.

191.
192.

193.

Ceb a3

194,

195.

d, clay

Your confidence measure for problem 186

Wster that sinks into the soil s known as

" a. the water table

b. ground water
c. a solution
d. a river

Your .confidence messure for problem 188

A gtoup ‘of stars forming a fixed pattern ln the gky is called a
a, galaxy

b. constellation

c. meteor

4, comet

Your confidence measure for problem 190 -

Which of the following statements best describes your current
estimate of your knowledge of the ereas of the earth sciences

- that are appropriste for elementsry achool

a. 1 am very poorly prepared
b. . I know a little about some of the areas of the eprth
sciences

' ¢. I know sometﬁing about most of the areas of the esrth

scienzes |
d. I hawe a pretty godd knowledge of most of the areas of °
the earth science o 3 ‘? }**'f?

~e. 1 feel very well prepared T T

The most abundant gas in air i»
a, carpon dioxide . .
b. nitrogen sre e
c, oxygen ., .
d. wuter vapor

Y&gr confidence messure for problem 193

By dectelllng the air pressure, sir can be -ndc to move from
a, a low pressure region to a high pressure region
b. a high pressure region to a low pressure region
¢, & high pressure region to ‘another high pressurs region °

LA

" d, a region cf low pressure to a rc;toa hav‘ the same pr.sluro

M_um-_s-_m_m_n.m.!_zz
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197,

198,
199,

200.

202,
. 203,

204,

T 205-

206,

201,

Winds are caused by -

. a. ocean currents ' .

b. the motions of ‘the eatth :
¢. the waving of the branches of trees

. d. the unequal heating of the earth's surface

Youx confidence measure for groblem 197 ffﬁv“

The path of the earth around the sun is L
a. slightly elloptical o

b, ecircular

€. square

. d. -triangulat>

Youg confidence ﬂéauré>f§rhgfob1em 199 .

The dlstance of a plnce north or south of the oquntot is
called its
a, position

‘(.'.~,‘ (

. b, longitude .

c., latitude

. 4. meridan’ G

Your confidence measure for groblen 201

A light-year i3 a unit of

a. speed

b, time

c. distance
d.’ volune

Youx gggfidggce -en!ure r problem 203 203

Th§ clny need for -aking chinmvare 1n obtliuod from the mineral

s, sand

b, ' copper
c. - quarte
d, geldlpnr

- Your confidence nnl!u e for: grobleq 205

Foselils are found chlefly in '
' 1gneouu_rock B u_;

b lava

" 208.

¢. metamorphic rock
d. sedimmtery roqk4

ice meapurs for blem 207
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209. The most important single agent that wears away rock and changes
the earth's surface is
a. glacial action
b. wind
c. running water
d, frost actfon

210; Your confidence measure for problem 209

211. 1In swampland there is
a. no water table
b. & low water table
c. a high water table
d. no rainfall

212, Your confidence measure for problem 211

213. Which of the following statements best describes your current
estimate of your knowledge of the areas of the earth sciences
that are appropriate for elementary school
a. 1 am very poorly prepared
b. I know a little about some of the areas of the earth
sciences’

¢. I know something about most of the areas of the earth
sclences

d. I have a pretty good knowledge of most of the areas of
the earth sciences

e. I frel very well prepared

214, Which of the following statements best describes your
knowledge of the general science content that is appropriat°
for elementary school
a. 1 am very poorly prepared
b. I know-& Httle about some of the areas of science
¢. . I know something about most of the areas of science
d. I have a prettty gord knowledge of most of the areas of science
e. I feel very well prepered ‘

' 128
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OMNICUS PERSONALITY INVENTORY --- BRIEF SCALE DESCRIPTIONS

Thining Introversion (TI): Perccns ccoring 1igh on this measure are
characterized by a liking for reflective thought &rd academic activities.
They express interests in a broad range of ideas and in a variety of areas,
such as literature, art and philosophy. Their thinking is less dominated

by objective conditions and generally accepted {deas than that of thinking
extroverts (low scorers). Most extroverts show a preference for overt
action ond tend to evaluate ideas on the basis of their practical, immediate
applicatioa.

Theoretical 0r1cn€é::;n (TO): This scale measures an interest in, or orien-
tation to, a more restricted range of ideas than is true of TI. High
scorers are interested in sclence and in some scientific activities, in-
cluding a preference for using the scientific method fin thinking. They are:
generally logical, analytical, and critical in their spproach to problems.

Estheticism (Es}: High scorers endorse statements indicating diverse
interests in, ac well as an appreciation of, artistic matters and activities.
The focus of their interests tends to extend Leyond painting, sculpture and
mualc end includes interests in literatutre end dramatics.

Cozplexity (Co): This measure reflects an experimental orientation rather
than a fixed wey of viewing and organizing phenomena. High scorers are
tolerant of amhiguities and uncertainties; they are generally fond of novel
situatfons and ideas. #Host high scorers very nuch prefer to deal with
diversity and complexity, as opposed to sitplicity and structure, and are
disposed to ses' out and enjoy unusual ambiguous evernts and experiences,

Autoneny (Au): The charscteristic measured is composed of non-authoritarian
attitudes and a need for independence. High scerers are sufficiently inde-
pendent of suthiovity, as traditionally imposed thtough social institutions,
that they opposc irfringemants on the rights of individuals., They are toler-
ant of vicwpoints other than their own, and tliey are nonjudgmeatal, realistic,

and intellectually liberal.

Religious Orientation (l0): Wigh scorers are skeptical of conventicual
religious beliefs und pcacticeu’and tend to reject most of them, especially
those that are orthodox or funiamentalistic in nature. Persons scoring near
or above the mean are manifesting a liberal view of religicus beliefs, and
low scorers tend to ba congervative in general and rejecting of other view
pointc. (The direction of scoring on this scale, witn strong religicus com-
nitmant indiceted by low scores, was determined in part by the correlation

. hetween these {tems and the first four lcllea vhich tosether measure a

|cnornl intellectual diapoaition )
' ' 117
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Social Extroversion (SE): This measure reflects a preferred style of rela-.:
ting to people in a social context. High scorers, displaying a strcag
interest in being with people, seek social activities and gain satxsfactloq
from them. The social introvert (low scorars) tends to withdraw from

social contacts and responsibilities,

Impulse Expression (IE): This scale assesses a genersl readiness to ex-
press impulses and to seek gratification either in conscious thcught or i?
overt action. High scorers have an active imaginetion, value sensual read-
tions, and their thinking arnd behavior has pervasive overtones of fcelings
and fantasies.

Perso.al Integration (PI)Y The high scorer admits to few attitudes and -
behaviors that characterize anxious, disturbed or socially alienated per-
sons. Low scorers on the other hand, may intentionally avoid others and
often express hostility and aggressions. They also indicate feelings of
toneliness, rejection, and isolation,

Anxiety Level (AL): High scorers deny-that they have feellnés or symptoms

AP ST TR TR LR

T —————e e ol 2T

of anxiety and do not admit to being nervous or worried. Low scorers are
generally tense and high-strung and often experience some difficulty ad Just-
ing in thelr social environment,

Altruism (Am): The high scover is an affiliative pevsen and trusting in
his relations with others. He exhibits concern for the feelings and welfare
of people he meets. Low scorers tend to be much less concerned about the

. welfare of others and often view people from an Ifmpersonal, distant

perspective,’

Practical Outlook (PO): The high scorer on this measure is interested in

practical, applied activities and tends to value material possessions and
concrete accomplishments. The criterion most often used to evaluate ideas
and things is one of jmmediate utility. Authoritarianist, conservatism and
nonintellectual interests are very frequent personality components of
persons qcorlng above rhe average.

Hascullnltz-?emlnlni;y (MF): This scale assessea some2 of the differences

in attitudes and {nterests between college men and women. High ncorers
(masculine) deny intcrests in esthetic matters and they admit to few
adjustmeut problems, feelings of anxiety, or personal inadequacies. They
also tend to be somewhat less socially inclinad then low scorers and more
interested in scientific matters, Low scorers (feminine), besides stronger
esthetic and socisal lncllnatlons. algo admit to greater sensitivity and
emotionality.

Response Bfas (RB): This measure represents an approach to assessing the
students test-taking sttitude. High scorers are responding to this measure
in & wmanner similar to a group of students who were explicitly asked to
make & good imprension by their responses to these items. Low scorers,

on the contrary, may be trylng to make a bad impression,

13
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221,
I 222,

223,

. 224,

225,
| s,

o
228,

[ | ' | | 220..

229, ¢

LIFE SCIENCE CRITERION

Which of the following features caen always be used to seperate
plants and animsls (13-1)

a. only plants produce their own food

b. only plants have a cell wall

c¢. only animals are mobil

d. none of the above

Confldence Rating problen 220

Which of the following ia the priuary role of hacteria i{n raiaing
good cropa (14-2)
a, ‘bacteria are used as food by the plautl

_ b. bacteria aerate the soil

c. bacteria break down dead plants and animals
d. none of the above

Confidence Rating problem 222

An example of a protective adaptation in an animal s (15-3)
a, nocturnal habits
b, rnumber

c, mimicry

d. all of the above

Confidence Rating problem 224

Which of the following is an eximple of a caste in the honey bee

hive (17-2)
a. worker
b. drone
c. queen

d. all of the abpve

Confidence Kating probiem 226

A plant that completes its cycle in two years is celled (19-2)
a. a perennial ) '
b, a biennial

c. an annual

d. tone of the sbove

ogfidence Rat gg groblem 228
e .

158
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230.

231,

232.

233,

$ 234,

235,
236.

237,
218,

239,
240.

120

Which of the following features do sctenttaus use to determine

. whether something is alive (13-2)

a, the type of elements it contains
b. the ability to reproduce its own kind
c. the ability to grow

- d. . two of the above

Confidence Rating problem 23

Animals or plants that live or. or inside another organism, both
partners benefiiing, are called (14-5) ‘

a, symbionts

b, mutuals

c. patasites

Cod; commensials '

Conjidenée Rating,problem 232 ' .

A stage in incomplete metunorphosis, and not complete metamorphosis,
is the (16-3).

a. nymph
b. pupa
¢. larva
d. .egg

Confidence Rating preblem 224

Which - of the following best explains how birds of the same species
know to build the same type of nest (18 2)

a, trial-and-error behavior

b. conscious thought

. ¢. instinctive behavior

d. none of the above

Conftdence Rating problem 236

Mar'a distinct features that leperatel him from other animals {a
(21-2)

a. his superior strength

b, his superfor instinctive behavior

re, his highly developed hands

d. his superior mental ability

Confidenve Rating problem 238

Which of the following do scientists believe is fmportant in the
cenduction of water from the roou to the lnvu of trcu (13-3)
a. contracting fibers .

b. transpiration

c. c¢ohesion of water noleculu

d, two of the above

| 1336
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243,

242,

243,

244,

245,

246,

Ve (X%

121

Confidence Rating problem 240

Wiich of the following is true of lower animals (15-1)

a, they typically provide narental care to their offspring

b. they typically produce a large numher of eggs

¢, typically a large number of their offspring reach maturity
d. -none of the above are true

Confidence Rating problem 242

The caterpillar represents which stage of metamorphosis (16-4)
a, larva

“ b, egg
¢, adult
d. pupa
Confidence Rating problem 244 +

Whtch of the following is aot true about a spider web (18-3)

. a. 1t is a product of instinctive behavior

b, 1t serves as & food getting device
c. each {ndividual spider produces a unique web

" d. it serves as a home for the spider

248,

249,
250,

251,

251,

Confidence Rating problem 246 -

A feature that seperates mammals from other vertebrates is (21-1)
a. & backbone

b, a closed circulatory system

¢, being warm blooded .

d. a diaphram that seperatcs the heart ond lungs

Confidence Rating problem 268

" During photosynthesis planta produce (13-4)

a. carbon dioxide and sugar
b. oxygen and starch

¢, carbon dioxide and starch
d. oxygen and sugar

Confidence Rating problem 250

A 201l that {s rich in nutrient', but {s closely packed is (14-3)
a. aandy soil -

. loam

¢. clay

d. black soil

Confidence Rating problem 252

135
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254,

255.

256.

259,
© 260.

261,

262,.

263.

. 264,

122

Which of the following is a major way planta are classified (16-2)
a. by the color of their seeds

b. by the size of their leaves

¢. by the number of seed lesves

d. by the shape of the zeeds

Confidence Rating problem 254

Which of the following is not true about'galls (18-4)

a. each type of gall infeste only one particulsr part of a plant

b. the type of organism causing the gall may be determined by
the shape of the gall

c. the gall is caused by the spores of plantl

d. all of the zbove are true

Confidence Rating problem 256

Which of the fcllowing occurs when an animsl hibernates “(20-1)
its breathing rate alows dowvn

its circulation of blood slows down

the animal slowly burns excess fst

. 8ll of the above

o0 oo

Confidence Rating problem 258

Which of the following statements best describes the balance of

nature on the earth today (14-6)

a. a balanced system with almost no change

b.. an oversll balanced system with great changes over short periods
of time

"c. an overall balunced system that is ever changing to a moderate

degree
d. none of the above statements are accurate

Confidence Rsting problem 260

Which of the following is used by scientists to classify plants and
animals (13-5)

‘a., atructure

b. habitate
c. development
d. two of the above

Confidence Rating problem 262

Scientiats believe that colonisl animale perform their jub in the
social organiration by (17-1) -

a, trial-and-error behavior

b, conscious thought

c. instinctive behavior

d. none of ‘the above

136




265,

266,

267.
268,

269l

270.

271,
272.

- ¢. helps conserve minerals

e e mew o

125

Confidence Rating problem 264

The dropping of leaves by a tree in the -winter (19 1)
a, helps conserve food

b. helpa conserve water

d. two of the above

Confidence Rating probxem'zes

Which of the following 13 not an adaptation of birds for flight
(20-2)

a,. atrong golid bonea

b. atrong pliable feathers

¢, . rapid oxidation (burning of food)

+ d; - good-digeative and breathing syctems

Confidence Rating problem 268

- —

Which of che following i{s a true statement about Spuntaneous
generatior (13-6)

a. it fa 3n accepted principle of modern biology"

b. it is a belief that living things may cone from the non- living ‘

.c. it ie concerned with the relationship of plants and animals to

their environment .
d., none of the above are true

Confidence Rating problem 270

Which of the following atatements {8 most accurate concerning

bacteria and insects (14-4)

a. most bacteria and insects are harmful to man

b. most bacteria are beneficial, while most inlects are harmful
to man

“: ‘t, most bacteria are harmful, while most insects are beneficial

273.

274,

275,

- to man.

d.. bacteria and insecta are both harmful and helpful to man

Confidence Rating problem 272

A major difference between social and' colonial animile is (17-4)

a. that only colorial animals have castes

b. that colonial animale ususlly occur among lower animals

c. social animals form a much looser orgaaization than do colorial
animals

d. none of the above are a major difference.

Confidence Rating problem 274

187
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276. An example of a protective adaotation in a plant is (15-2)
a bad tasting fruit :
b. atickers on the branches
2. hard axternal covering
d. all of the above

277.. Confidence Pating problem 276

278. The bird nest is primarily an adaptation for (18-1)
a, the protectlon of the adult bird .
b, keeping the adult bird warm
¢. rearing young .
d.. none of the above

279,  Confidence Rating problem 276

280. A condition that is required for a aeed to germinate is (16 1)
a., carbon dioxide

b,  light
c. oxygen
d. soil

281. Confidence Pating problem 280

282, Which of the following is a characteristic of social ineects
‘ that gives them an advantage in survival (17-3)
a, better care and feeding of young
b. better methoda of food:production
¢. division of labor
d. all of the above

283. Confidence Rating problem 282

284, Which of the following is true about the theory of natural selection
. (15-4)

a. lntelligence snd ¢onscious thought is an impoctant factor

b. most accidental changes 1n offlpring wake them more likely

77 to survive .

c. a new type of organism of the same lp.ﬂiol may £orce the old

type out of éxistence . : .

- d, none of the above

. 285, Confidence Rating problen 284
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220, 1f

221,

222,

223.
224,

225,
226,

227,
“228,

; ¥
s

is
a, "
b.
€
d.

PHYSICAL SCIENCES CKITERLON

an astronaut traveled to a planet like Jupiter, which
larger than the earth, his welght would (7-1)

be less than on the earth .

be the same as on the earth '

be moce than on the earth
be impossible to predict given only this information

Confidence Rating probiem 220

a.
bl

c.
d.

Most modern geologists believe (8-1)
that all the ccmtinents were covered by water gt one time

that the average density of the rorks that form the

continents is higher than tliose forming the rcean basin

two of the above are true
nona of the above are true

Coafidence Rating problem 222

a.
b’
c.
d.

Drifts and currents in the ocena are cauged by (8-5)

the pull of the woon and sun

the prevailing winds

the ur.equal heating of the ocesn
none of the atove

Confidence Rating problem 224

Q.
b.
c.
d.

The rilé of mammals occurréd during the (10-4)

Cenozoic era
Precambrian era
Mesozolic era
Paleozoic era

Confidence Rating problem 226

© 8,
Y
Ce
d.

A example of a climate condition is (12-4)

the day's weathet

the average rainfall ¢ ~ing the year in a region

the average temjerature -uring & day in a region

the number of iuches of rein that fell in a region fa

one week . .. Dl e

229, Coofidence Rating groblci_ggg

225
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230,

231,
s 232,

233,

234,

236,

229,
240,

A motor (23-4)

a. changes mechanical energy into electvical energy
b. changes electrical energy into mechanical 2nergy
¢. has the opposite function to that of a generator

"d. :wo of the ahove are trie

Confidence Rating problem 230

The loudness of a sou1d depends on (24-4)
a. the energy of the vibrating body

b, the pitch of the sound

¢, the number of overtones it contains
d. two of the above are true

Confiderce Rating problem 232

Isostasy is (8-2)

a. a type of rock formation :

b. a theory conceraing ihe formation of. glaciers

t. a hypothesis explaining the balance in the earth's crust
d. none of the above are trus :

Confidence Rating problem 234

Which of the following are both weathering agents (9-3)
a. mechanical action and gravity

b. gravity and water . :

¢. glaciars and chemical action

d. gravity and mechanical action

Confidence Rating problem 236

Which of the following is not a method by which chemists
identify chemicala (11-4)
a. by the solutions they form

b, by their odor
. ¢« by the cheaical reations they produce

d. all of the above sre correct methods

'COnfiﬁence Rating problem 238

A simple machin: (22-3)
a. may change energy into a more convenfeni: form for me
b. may give us more lifting power

"".¢. can not give us more work or ensygy than we start with

241,

i“,d'. all of the sbows sre true = :

Y

Confidence Rating problem 240

i
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242,

243 .
244,

245,
246.

247,
248,

249,

250,

Tt
252.:

253,

127

The T ¢sler Effect predicts that (24-3)

a. h. .n frequency sound will travel farther than low
zrequency sound

b. sound will hecome snfter as it spreads out

c. the pitch ¢f sound will increase when it comes from an
approaching source

d. sound will travel thiough a vacuum

Confidence Rating problem 242

Which of the following ia 1ot true about the sun (7-2)
a. the sun is a star

b. the sun produces light by combustion

¢. the sun is made of hot liquida

d. two of the above

Confidence Rating problem 244

Which of the following is true about the water table (8-5)
a. 1t's level is constant throughout the seasons of the year

. 'bs it appears at nbout the game depth throughoui the

United States
¢. it represents the level of the ground water
d. all of the above are true

Coﬁfidence Rating problem 246

Which of the following statemeuts is not rrie about the
forme“ion of coal (10-3)

a, |eat and pressure were required

b, it was formed from the remains of coal-producing animals
¢. the climate was warm and hwoid vhen it was formed

d. 1it formed during the Pennoylvantan Pe¢iod

Confidénce Rattng;probleu 248

The law of conservation of energy (22-1)

a, describes conditions uader wliich matter may be created

b, descrihes conditione under which matter may be destroyes

C. desecribes how electrical energy may O~ convarted into
w2chanical energy

Confidence Ratt ng groblem 250

The theory that explatnl the characterlatica of llght bast§
s the (24-2) ° _

" &, quantum theory

b.  wave theory s
¢, corpuscular theory’
d. wvibration theory

o

COnftdence Ratigg_p;oblen 252
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254,

255.

256.

257.

258.

259.

260.

261,

262.

263,

264,

125

Which of the following best describes why we still have

swow at the north pole during the summer (7--3)

a., duve.to the prevailing cold winds

b. due o the fect that sunlight strikes che earth at an

angle at the poles

c. due to trne fact that there is not warm ccean currents in
* the area

d. none of the above are true

Confidence Rating problem 234

Fossils are usually found in (38-4)

a, 1igneous iock

b. metamorphic rock

¢, sedimentary rock

d. both igneous ~nd sedimentary rock

Confidence Rating;ploblem 256

A continental glacier (9-4)

a. forms on the tops and sides of high mountatns
b. 18 also called an ice sheet

c. 1is smaller than a valley glacier

d. two of the above are true

Confidence Rating<g§oble@_3§§

The nitrogen'in-our atmospiiere (12-1)
a. 18 the most common element

- b. causes substances to burn

c. 18 not importent to life on the earth

d. two of the above are true

Confidence Pating problem 260

1f we did not have friction on the earth (22-4)
a. 1life would be more enjoyable

b. things would not wear out

¢. we could still have clectric light

'd,..all of the above are true

Confidence Ratg;g,problem 262

Which of the following does not help explair how a glass

_ pricm may form a spectrum ot colored light (24-1)

7 a. light 1s bent when it leaves air and enters .another

265,

transparent substance

b, white light con' ains all the colotl in thc spectrum

¢, different colors of light are bont in di!fcrcnt directions
‘by the glaes prism "

Confidence Rating problem 264"”‘

ot
A e e,
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266,

267.
268,

269.

270.

271.
272,

273,

274,

275,
276,

217,

129

At which of the following locations on the earth would the
stars not change their position very much from night to night
(7-4)

a. north pole

b, equator

¢. northern latitudes

d. Bouthern latitudes

Conrfidence Rating problem 266

An atqmic particle that has a poaitive charge 18 the (11-1)
a. proton

_ bs electron

c. neutron
d. two of the above

Confidence Rating problem 268

The torth pole of a coupass (23-1)

a. points towards the earth's north pole

b, must have opposite polarity to the north pole of the earth
c, 1is often called the north-seeking pole

d. all of the above are true

Confidence Ratingﬁggoblem‘270

.Hhiqh of the following statements about ¢ ' :ses i{s true (/-5)

a, a loner eclipse is caused by the moot iting a shadow
on the earth
b, an eclipse on the earth usally casta a large shudov
¢. partial eclipses are rarer than complete onas on the earth
Confidence Rating problem 272

Which of the following is the beust definftion of a wineral (8-3)
a, one or more elewents combined chemically

- b, & substance sontaining two or more typcs of rocks

¢. a mi{xture of several chemical compounds
d. none of the abovr are a good dafinition

chftdence Ratg_giproblem 274

whtch of thc fol® owmg 1: true about earthquukos (9-1)
&, they occur elong a fault plane

- b, thay Qccur when rocks reach their elastic limit
. ¢, duri{ng an earthquake rock walls slip md come to “est

~in & new posftion . . .. |,

d. all of the above are true

R e E I P R

Conf{dence Rating 'grobié 276
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280,

281,
282,

" 285,
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287,
283,
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Which of the following {s not an exawple of a foseil (10-1)
&. casts of plants and animals

‘b. petrified wood
".¢. prints made by plants or animals

d. all of the above are examples of fossils

Confidence Rating p-..lem 278

A molecule (11-2)
a, can also be an element
b. can also be a compound

‘c. ie the smallest particle into which a substance can be

divided and still be that subetance
Confidence Rating problem 280

A liigh pressure front (12-2)
a. moves toward regions of low pressure
L. 1s usually assoclaced with stormy weather

" ¢. can be detccted by a baromater

d. two of the zlove are true

Confidence Rating problem 282

Which of thé foliuwing is true about a rocket (12 «2)

a., 1t rrquires air from the atmosphere for it's propulsion
b, it gets {t's iiftiag power from the air

c. 1{it's operatior conforms to ore of Newton's laws

d. all of the above are true

Qonfldencg Rating problem 284

lPermanent magnets (23-2)

a. are usually made of soft irom

b.  ere cecsier to magnitize than “re temporary magnets

c. hold their magnetism longer than do tcnpornry magnets
d. all of th: above are true

Confidence Rating problem 286

Which of the following statements Ls not truo about the
earth's tides (7-6) . v
a. they go through a monthly cycle

b, the sun has more influence on the tides thln does the moon

c. the highest tide of the year is called the epring tide
d. the lowert tide of tnu yaar is called the nen, tide

-\\r . N
I R

Confidsnce Rating problem 288 4
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293.
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Which of the following best describes the difference between

"magma and lava (9-2) :

a. magma is solid lava

b. lava contains many gases, wiille magma is free of most gases °

c. lava is solid magma
d. magna contains many gases, while lava 18 free of mc.c gases

Confidence Rating peoblem 290

Geologic time 1s divided in which of the following ways (10-2)
a. ears, eons, epochs, and periods
b. periods, eons, eras, and epochs
¢. periods, epochy, cons, and eras
d. eons, eras, periods, and epochs

Confidence Rating problem 292

A chemical change occurs when (11-3)’
#., watexr evaporates

b. gasoline is burned

c., water is frozen

d. sugar is dissolved in water

Confidence Rating prollem 294

Relative humicity (12-3)

a. 1is simple the number of pints of water pex cubic yard of air
b. 1s exprcssed in & percentage

c. {ncreases as the temperaturs increases

d. all of the above are true

Confidetnce Rating problem 236

"Hhich of the following is ture about current electricity (23-3)

e. it may be positively or negatively charged
b. it is another name for static electricity
c. it requires a conductor

- d.- none of the above are true

Confidence Rn;ing problem 298
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STUDENT ATTITUDE TOWARD INSTRUCTIONAL
~ GAMES QUESTIONNAIRE
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: STUDENT A?TITUDE TOWARD INSTRUCTIONAL GAMES

J This is not a test of information; therefore, there i{s no one 'cight"

i © gnswer to a question. We arc interested in. your cpinion on each of the

: statements below. Your opiniors will be strictly confidential. Do nok
hesitate to put down exactly how you feel about sach item. We are seeking
{atormation, not compliments; please be frank,

NAME: o L DATE
NAME' OF COURSE_ | |

—— e ra ———

e - i = s i — ¢ M s SRS T S

CIRCLE THE RESPONSE THAT MOST NEARLY REPRESENTS YOUR REACTION TO EACH OF
THE STATEMENTS BELOM: ' ' ,

al;"hs\l chansé of pace from BSuil classroom lcarning the geme was welcome,

% o R H :
Strongly ~ Disagree " Uncertain  Agree _ Strorgly
Disagree’ ’ Agree

-2, 1 felt insecure pleying the game.

v 1 o

Strongiy " Disagree . Uncertain  Agree Strongly
‘ Disagree - : . ’ Agree
© 3+ ALl of the students enjoyed this game.
Strongly Disagrees . Uncertain Agree Strongly -
- Agree

Dioagxee
. &. 1 would rlthetjg.gnthe material some other way thar. games.

: : $ $ ' :
,Strongly = . Dissgres .. Uncertain  Agree . Strongly
Disagree ’ o Agree

¥ S.w 1 would chooss to piey the game rather than participate in a group
., v~ discussion on the tople. . ‘ )

-

: ' 3 _' ¢

L‘f‘_ (s 20 8 Sae ey B | R . H .. ) . X H
Strorgly .. . Dissgree : . Uncertain..  Agree * Strongly

Disagrae . I Agree

v 6e Comes ave fun tome., . NI
noagh . T

. 1 ; t 3 A T . H
Stroogly - Dissgree * Uncertein Agree Strongiy

" Disagree _ o Agree

132

147
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7.

10.

11,

12,

14,

The time spent playfng this game was coupletely wasted.

_Strongly '.' Disagree " Uncertain l Agree Stro;gly
Didagree - ' ' . igree
There s a definite need for instructional games, 4
Strongly Disagree Uncertain Ag;ee Stro;gly
Disagrea . . . . N Agree

. Games make me feel uncomfortable and irritable.

Strongly " Disagree Uncertain Agree Strongly
Disagree o Agree
I felt at eeae playing the game.

Strongly Diaagree Uncertain - Agree : Strongly
Disagree - . ‘ Agree

My llkins for games outweighy. my dislikiag.

Stfongly Digagres Uncertain Agree Strongly
Disagree . Agree
The valus of games is overucstimated by some people.

' : t : : :
Strongly Disagree Uncertain ‘Agre Strorgly
Disagree . Agree '

~Whea I hesr the word 'game," I have a feeling of dislike.

, : : t : 1 ¢

- Strongly - Diaagree © Uncertain . Agree Strongly
Disagree ‘ S . Agree
T would prefer playing this game to playing a non-instructional game

.- that T personally enjoy such ss bridge, chees or poker.

' t l. : t . : :
itrongly . Disagree . Uncertain - Agetee . . Strongly
Disagree : : Agree

s g vt N RTAN S

o R ~ o

FEN .
t
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15,

16.

17.

;8.

19.

- 20,

[V I
R TR

22.

134

The matcrial covered by this geme was uninteresting.

- . - Y .
;. : <

Strongly . Disagree Uncertain Ag~ee Strongly
Disagree - . . , - Agrce

n preference to lectures on the same aubject, I would iike ro try
more learning ganes.

Strongly Dissgree Uncertain Agree Strongly
Disagree } : o ‘ _ Agree

I approach games with a feeling of hesitation, resulting frnm fear
of doing poorly.

Strohgly Dionsree Udcertiin " Agree Strongly
Disagree - Agree

The feeling 1 have towavd gamez is a'gooé feeling.

t 8 5 K :
Strongly Disagree . Uncertain /sgree Strongly

Dissgree Agree

The gsme was gtimulating.

H H . A N -8 :
Strongly Disagree Uncertain Agree Strongly
Dtsagree o ‘ ) Agreo

Only a few o! the atudonto onjoy thin game.

: H H ' :

o
Etrongly Dieagree Uncertain Agree Strongly
- Disagree ’ . - Agree

T fael a'definite éoslttvq resction to gemas.

T ! : ) 1 :
Strongly . - Disegrees Uncertain - - Agres Strongly
p&na;roo e n . o Agrees

Ganes make we feel lost. ., ...

3 i 3 .8 H
Strongly - Dissgree Uncertsin " Agree Strongly
Disagree . _ o C . Mgtee

P49
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23.

- 26,

25'

26.

27

29.

:
135 i

Universities should use class'timé fég games; '?k
N I T 2 : s
Strongly Disagree Uncertain Agree Strongl

. gLy
Disagree ' ‘
- . : coee Y o Agree 3
Games are zomething 1've naver enjoyed. - . ;
Strongly ' Disagree Uncertain - Aséee , Srroégly
Disugree : . sgree
Iwas under a strain vhile playing the zama; 3
Strongly Disagree Uncertain . A;;ao Stro;giy
Disagree ’ ' . . - Agree
The game I just played was interesting. :
Strongly’ Disagree Uncervtain As;eq Stru;gly
Disagree - e I oo Agree
I don't like to play g;nea.
Strongly . Disagree ' Uncertain Agree Strongly
Disagree AR L Agree

Instryctional games should be considered & valusble fart of this

course. N
Strongly Dissgree Uncertain Agrea Strongly
Disagree L Agree

I was fvspired by this game to make full use of my capabilitfes.

o : _ : ' : _ : T
Strongly Disagroe Uncertain Agres Strongly
Disagree ' a et Apres
The cip'ertq‘nce \_us' not particularly benef{eisl. . .. "4
R T : :
. §trongly . Dissgres - Uncertein Agres Strongly

Disagree rn g Agree
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136
31. I'll remember what I learncd in the game. d
I T R B : : : :
N . Strongly Disagree " Uncertain . . Agree Strongly .
'_‘ ' Disagree . ' , ) . Agrec y
| 32, 1In view of the amount of time involved, I fecl too littlz was
| ” . accomplished,
N LR LoE o .o . = .
] » Strongly  Dissgree Uncertain Agree Stro;gly
t Disagree A oo . ’ Agree |
I T 33. This game increesedmy knowledge in this subject area.
' Strongly Dfsagree ~ Uncertain - Agree .  Strongly
J Disagree o o Agree
‘ . ) o AR o
) 34. I found it difficult to concentrate on learning anything.
Strongly " Disagree Uncartain Agree Strougly
Dissgree. . - . . . T o _ Agree
. 35. As 1l got into the game, I learned bainleslly.
: : ; ‘.3' s — : . : : - :
Strongly Disagree Uncertain Agree Strongly
: s ;. Disagree ... R . Agree
J 36. I would have learned wore from o lecture,
{“r A.‘ ‘ ’ .'." .‘ . ’.n‘ : YU e ‘ L .
e Strongly Disagree Yincerte:in Agree Strongly
Dissgres .. . - . e e _ - Agree
| 37. My mind went blank sad I was unible to think when playing the game.
f i _ e, Lt ' Gin e g ) : .
. payah e B : £ L g .
1 ‘ Strongly Disagree Uncertein - Agrse - ! Strongly
sl oo ..'( P“:“‘t“ T MY A I ORGSR pa ’v' L& ..". oy -..L,"u-l': R \;\‘r.. »
- - 38, After graduation, the 1a!of@ntton obtained from this geme will be
! : avettshrteattccbtc L,
\;éaﬁ;és : 'QDixku>f‘i.(nib5-i"g | TR Cpn 1
Strongly  Disagree Uncertein " Agrea Strengly
’ Dh{qrn_ oo Sl Agree ‘

- 151 -
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I doq't know any woiv <wko when I started.

: Dioasree B T'. ' ST Agree

1 learned whtl. playins bue 1& was hard work.
‘ g ' _4 ': '_ .
scrongly Disagree Uncertain

Thie was a confusing game.
Stroﬁgly - Disagree Uncertain Agree Stroﬂgly
Dlaag:qo . : S _ . Agree

I learn wors frum gamas than from group d;.cussioﬁ.

< i .
H $

Strongly .. "Dilagree Uncertain, - Agree Strongly '

Disagree: ‘ , 7 Agree
% learn more from games than from individusl etudy, ;
: : ‘ t : : x : :

Strongly - Dt;agree . Uncertsim - . Agree .. Strongly . -

. Agroa a2 Stro:;sly
Disagree - . . _ . Agree

Strongly Disagree Uncertain Agree Strongly

Dloa;rog . . Agree

The students don't re-‘ub.r anything thcy lsarned in the gace.

. : T T Ty ) R :
- Strongly - ‘Dtuaargc - Uncertefn A;roo Strongly
Disagree . ' . Agree

While playtn' tho ga- 1 hed moments of great tnat‘htu.

)

. S ,:
Stiougly : Dtua;roo Uncortatn A‘rco Strongly

Disagree - ..., . ' Agree

s f .

~Playfog gemes suck ss thie one is tho -ooc uffoeetvo way to learn

s ~lt" eoaclpto. »,,.:L_Lqﬁ-J_EO,:% O
.‘ : ' . 5 t ey .('w,»; \‘\: ' o . :
) ltrongzy , Disagree Uncertain Agtee Strongly
N , - . . . . » . . v r.. .
m“.“‘ RN i PRE I i e . “
‘ ."'z’:l',L'
L]
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&1, 1 fel;Atho role 1 played vas vch:unnatur#l. ’

[ .
l

Stten.‘y Disagree Uncerteir - Agree " Strorgly ?I;'
bt’..r‘. e - 71'1 T : AN Cl : . ,\8".. }')

ltl‘. I likoe games that are ;Mlliuln;.
[1 : e sy o : S
: ‘ sStrongly Disagree Uncertain igree Strongly
. ' Visegree oo BRI S " Agree
0_9. This game has no influencs upon ths students,
$trongly Dissgree ~ Uncertain - Agree Stxongly
- _Plasgree B e ' oo » . égree
50. 1 played b'cuuu'-l hagl &9,
: S :

8 -
Strongly - Nulru \ncertain . Agres Strongly
Dlll‘t.ﬁ . o . SR + - Agree

?l. 1 tm luu ;otttug tnwlvod tu ;m playtn;.
oin - ' : . . [ : H

urouly - ntngru © . Uncertain Agres Strongly
'Dlolgtce B N P L e . Agree

3 Tt ey st

... ftxongly . _mmuo . U_ncottun _ o\.ru Stroﬁ;l'y
Pleagree ~ = - .. - . - Agree
< | - .”. : vuu't mmm wtth how I puyod thc ;m
oo AT ‘
Lrevan . ‘ . : 1 :

urmly _'Ml-(t“, : mcortuu g nru- ' Strongly
Dtugng T ey

IR LT AT L v Agred
$4, Gomss do mt nwuo tho mnury mtnuou co lesra the aubject.

r-'—J_,-—— — p— oty ——

: ; YI;,Z,]; o &.i}&» vt n,,;;_ ey _; Lo PREE ’
l o EAA ) . ‘ ‘ ’ . $ .
lttmly buuru ummu : m« Strongly
T mqr“ R o M_tu
E S or 1 agly T
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I'n plaf better next time, ‘

, Strongly ‘,'."Dluagrec “ Uncertain.";‘ Agrée
Disagree . . ’ .

This gamo 1: not worth the time and effort to play it.

. . : - ,‘,“,—__,.' [ SN, R .
Strongly Disazree ) Uncertain Agree
Dllagrea ) ‘

I was not eonacioun of tius paaling.

: TR S cw ey e
Strongly . .Dilagxee Uncertain Agree
Dilagree . ‘ .

I dislika poople uho play half-heartedly.

.Strongly Dtilgrco. " Uncertain Agrcé
Dluagree e 9 :

I'd cut clage lf I thought e vere soing to play agnln.

: gt . l . - rr vl [ I R s .
Stronsly ' Dilagrec Uncertain Agree
Dlaasrea

F P T B

-mStrpngly

"Strongly

'>Stron51y‘f

Agree

Agree

-Strnng ty

Agree

Strongly
Agree

HEE]

Agree

X felt liko lnarnins the conceptl 80 I could play thc game better,

. : . ] LR B N TR
Strongly . Disagree Unccrtaln Agrcc
N 4ngrnt: - T ’ :

BT : R s

¢ didn t know uhat 1 was doin; durinc tho 3au‘.

B T LT RN T SO
SLton;ly ' Dtla;rcc : Uhccrtcin A.rcc

_ Dtll;rco

£y PV S SO [ S S PRI

e vo:kod hcrd plnytn. th. ;cao. s

+

s hl g .-__.,_-.-_,,,_-,;.-« R Y A R

Strongly ."ff{?btcasrga 7 Uncertein " Agree

.y

X P e . . t . .
LR e LI W AT e « s . N
AR TR RURED ¥ ‘._”J.‘ R N . R
i ot
.. .
Y .
H RN
{" .

' Strongly

Agrea

.
.

! Strongly
_Agree

: :
** Strongly

Agree
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I was aware of game and {mplications but did not enjoy time spent.
Strongly Disagree | ‘ Uncérta@ﬁ Agree Strongly :
Disagree . . : , Agree Y
When the game got difficult, I gave up.
Strongly Disagree , Uncertain Agree Stro;gly
Disagree : . Agres
b wasn't bothered about learning anything while 1 waa playing the
game.

H . : : : :
Strongly Disagree Uncertain  Agree Stvougly

"Disagree Agree
1 felt averyon: fitted their roles weill.

: : H : : - s
Strongly Disegree Uncertain Agree Strongly
Disagree : . , Agree
This game didn't guit the situation.

K
o

i L .
Strongly Disagrece Uncertain Agree Strongly
Dlnngrce R : Agree
It s 1nportnat to play well,

$ T :
‘ Strungly _ Dlnn;rcc : Unccrktlﬁ Agrce Strongly
. Dissgree v ‘ , Agree
I found myselt just trying to get through the game rather than
trying te luamm. .
: -' . ? 3 :
. Strongly Dissgres = Uncertain Agree Strongly
. Dissgree ‘ , © B A;rcc
It was itltigultlto'bcge-ovuéttvn;eq within the game context.
: T R s
- Strongly . Disagres . - Uncertsin Agtee Strongly

". Disegree - ..~ .. S - Agres

o1bs
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