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his study conserned the formative evaluatior ef .t autoteldc activity |

for intreducing adults to eommon meiric cmeasures. The concurrently- )

.

N

\Feveloped process.model cenisists of four phases:, pro%otype—de;ign,
W 4 ? P . . .

ingtrumentation, develcpﬁental—ovaluation, and demonstraﬁion-evaluqtiono )

Prototype design crectes the first:version of the gaming:system.

Instrusentation provides Instruments, for.measuring the system's effect- -
ivencss. ULevelopmental evaluation runs small-scele trycuts to determine

new the prototype chould be improved. Ucnonsi%!!ion evaluation subjects

. .

the final'vers;qn\of the paning-system to a field trial to'determine_its

effectivencss-in neeting "real world" ncedss S

-~
This paradizm was eaploved in the formative evaluation of o ;ame-which

v

e

s intencded Lo ve participated in for enjeyment, while, at’ tho same

time, | iutroducing ﬁﬁhyers_to common metric measures, A total of G0
pdul t-subjects were involved in the stuuy. In denonsitration evaluation,

& post-test only contrel group design was employed in gdministration ol
L]

game-playing and measurement of suksequent results, The Scheffé

procedure of multirie comparisons 5§bws that there is significant

differcnce (p 1less than-.05) inmetric-knowled;e teat-scoresfﬁetwccn
control and experiziental groups. The results slse indicate that

adpltes enjoy playing the gane.
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Introduction

Troblea Dtatenent

I

The present study concerned the generation of a process xodel fo£
the production of instructional gaming-systens, oné its applicatfon in
design and formative evaluation of an instructional activity for
facilitating the voluntary conversion of adults te the metric systen
of meagurecment: Thic project originated as resuli of literature
research on the topics‘of 1nstrué;ional design and develorment, and
obgervation of the gencfal public's frustration resuliing from the

"use of meiric measures in weather reporting and on consumer-item

labels.

48 succinctly steted by Coleman (1970),

The enjoyment on individual expériences from a gome 16

such that he will play it gquite independently of eny

desire to learn. The learning occurs og a by-product

of the fame-playing activity, nnd need not be a goal

at all (p. 125). ‘
‘ .
Thus, the effectivencas of an instructional geme ic due primarily to
i+s motivational impact on players (Gamson, 1975)._ ts ability to
invplve pluayers in the process is enhanced by the- opportunity for
improvisation. And the introduction of a emall emount of chance,
which may izprove or dumoge the player's status, con substantially
inerense the gome's ability to sustain the interest of lesy well-
informed playcrs and permit them fo continue to learn from the goming-
syasem, Clearly, instructional games cre communicating devices that

provide for the active involvenment of learners viith zubject matter in

autotelic activities while freeing them fron dependence on autherity
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and offering thea feédbaqk—and ways of measuring their progresa

toward the goal (Greenblat, 1975c).

~Although, as pointed out by Duke (1975) "At the present stage of
develerment in the field of gaming, most if not all gzies represent
"happenings! rﬁther than the products of deliberate design process"
(p. 101), the technoiogies of instructional design and development
are currently in = state of Zetamorphosis. Numercus educational
stddies are contributing to the evolution of tﬁese technologies.
Yhat 13 necded to spee& up thisrgvolution and to improve the quality
of instructi;n is to synthesize steps and guidelines, which current
educatibnal literature report to be effrctive in instructional design

and devclopment, so a2 to generate procesy models for the production

of different instructional strategies such as gaming systems.,

One arco in whieh a f£aming-system appeared to be a potentiaily-
apprépri;te and powerful instruetionnl-strotegy in Canada was in
metric re-socialization. The nced for this instructional systen
rezulted from the adoption of_a new syutem of eacsurernent for
Conzdion usage. This oeasurement Systen i3 the Intermational Systen

of Unite sugpested Yy Bureau des polds et measures, Paris (SI: The

International System of Units, 1970). Cannda's conversion to this
few Deasurezent cystem is the'responsibility of tpe Metric Commiss;on.
Goooage (1972-73), first choirperson of the co&miasion, obaerved that
the Canudion population divides iqta three distines categories for
re-cocializztion to ¥he netrie gystem of measurement: (a) children
who are being iniroduced <o the new gystem via schools, (b) adults

who require the re—education for job performance, and (c) the remaoinder

.
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, of the population--Tor whom the re-educaticn is-pecessa:y to’ cope l
with everyday life in a metrié wo;ld. The latter segment, which

) repregents a large portion of the Canadian population, includes
those adults who are not part of the captive sudience for m;Fric

re—education and are, therefore, very difficult to-reach with education

’
.

programs (Van der Made, 1975b). .

»

Goals of Study

.

« The goai'of this study was to apply a concurrently developed
process model in thq'design and formative evalusfion of an
instructicnal game that adults participate in for enjoyment; and
which, at th; same time, introduces thqse adults to common metric
measures. The paradigm was based on steps and guidelines that
current educational literature report te be effective in the. .
productign of instructional gaming-systems, The assumption

F
undérlying this goal was that the game would be generated in

R

conjunction with its-process mcdel so as to enhance the effectiveneas

of both the game and the model. ' .

Overview of Study

The term geming hns many ond varied dcfinitiéns. For the purposes
ol rthis study, however, gaming many be described as.having the follow-
ing characteristica: (a) competing between individuals or teams
for maximum nchicvement of a given playing obiective, (b) eotablished

ries governing what players are permittcd and forbidden to do during

»
3
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the conpetition, (c) competition-decisions made primarily by players,

and %o & lesscer degree, by chance factors, (&) uacertairty of ihe
outcome of the compeiition, and (e) a specific terminal point.

The precess model that wes generated includes our zmajor phases:

:

{a) proteiype-design, winich creates the Tirst vercion of the geme;

(v

—

instrunentation, which develops measurcment ingstrments Yor
acsessing the affectlveness of the gaming- systen; (c) develogmental—

. - “ rq) ¢ Pt
evaluation, which runs iryouts of the protoiype; ard \d) demonstrotion-—

evaluation, which assesses the eoffectiveness of the Jiral version of
1 h

the rome.  Znch of thece phases utilizes o closed-loop sysicm thaﬁ

involves the conatant’ feeding of information beck inte the instruction

a

4

to improve its performznce.

i Ca .
Applicationd of this paradigm to the provlem of introducing non-
ceptive 2éul4s to the metric system of measurement produced a cord

-ome similar o the popular, Forty-IFive. Totentizl disremination of
POL y £

the meiric game 1s viz the Canadian Meiric Ceommissicn or Department
LY
, _ K
of Congwzer and Corporute AZZairs, or Provincial Recreation Depari-
-

ments, or o comsercial fome coIpany, or by a4ll of these.
R

:
~his was an cducational-technology projeci since, oS exploined

by itchell (1973), educational iechnology concerns the oy

ation of the codugationsl process which includes the decign, production
and evelustion of inqtructignzi materinls ond communications for
vAdespresd dissemination to meet educationel needs.

ne time schedule fgr this educational technology study was oo

3

follows: .
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Mid Septémber'— wid Octoger (4 wk.): Iiterature review.

Mid-End October (2 wk.): Formulation of process model.

Pirgt2id November (2 wk.): , Prototype design of metric activity.
1'1d Hovember-lid ﬁecepber (4 wk.): Instmmentation for metric

L
activity.

'January (4 wk.): Develommental evaluation of metric activity.

Pebruary (4 wk.). Demoftstration evaluation of metrie activity.

verch-2tid April (6 wk): Documentation of study.

Exclusive of the 26-week salary of the educational technologist,

the budget for this study was as follows:

s .

1. Literature Research
| Stationery supplies ‘ 5.40

Copying ) | ) 10,25

Transportation ' 75.00
2. Generation of process modal

Stationery supplies . 11.88

Telephone - 50,00
3. Design of metric activity

Stationery supplies 10,80

Typist 10,60

Telwuphone ‘ . 50,00
he Instrumentation for metric activity

Stationery supplie; 10.80

Typing 10.C0
5. Uev?lopnentél evaluatior of metric activity

Stationery supplies 43.20



PooR PR/AT "

-

Copying . - _ i

Typist ) : ! 75.C0
) Hostess/host gifts, prizes,'iunches: T}youts lOB.LB

Transportation ’ , . 100.00

6. Derorstration evaluation of metric activity

Staticnery suﬁplies o 7.90
Copying ' . . ) 26,30
Typist ‘ 20.00
Host/hostess‘gifts,_prizes, lunches: Field trial To72.34
Transportati&n . . . : 45,00

7e Documentation

Stationery sﬁpplies _ - ’ 21,6C
Copying _ 25,10
Typist - ’ 260,00
Transportation . : 40,00
B, Miscellaneous lOb.OO

TOTAL . . . . . . . o 8 1198.74
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“elated Research 5

. ’
In the rroduction of insiruetional systems, Tvwelker Irm.d. (c)]

It i uscful te think of o gep--the difference betwecn
the lecrner, where he is before instruciion and alter
instriction...lur problez is ecify the learning
conditions necessam 4o bridge the gap beiween the

le or Tiral critericn

- Q

153

o

o}
1

re:er;oirc {z.1).

'he lezrning can%itio:s necessery are deterzined vie application of
the technologpies ¢f instructionsl design and development, However,

" these technolegies are in o atate of evolution. Ividence of 4his
cun be found in the numerous guidelines end steps for the production
of inst;uctlonal Systems that are described in current educational
literature: Hu¥1er (1977) diccusses the mﬁjor factors that affect
1c£rning; Plening (1970) relates 6% principles for mesoore dcsign;
Ltolurow (1967} offers over 200 principles for mescoge transter;

rugt and Van Danm (1973) present o practical guide %o the seisnce of

leorning ang inctruetion; Yeoleon (15.3) tugpests 45 desirable decimm

Teatures for instructionnl gystens; Brizsn and Towle (1977) offer

1
numerols puidelines for acecelorating the prokess of instructional

desimm ond developmenty Topham and Biker (1:71) present extensive

i

rules Yor the development of inctructionel product:; Lurkle (1367)
deseribes three distinct rhaces in the empirienl tecting of programs;
Marchall oand Hadces (1972) ond Mehrens ond Leannnn (1973) provide

direction in cducationnl neasurenent and evaluation.-—These vritines

rrecent only a Iraction of the work that could b2 properly included.
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In discussing the present state of the technology of design for:
instructional gaming-systems,lDuke (197C) explains that, "Mgst if
not 211 games represent 'happenings' ratl‘rler tha.n products of a
deliberate deéign process” (p. 161). And, in reviewing literature
related to instructional develomment, Baker (1973)\;otes, "From the
current state of the‘art, one woﬁld suppose that minimallf such pro-
cedures would require specification, field testing and revision as
the foundaticn for developmental work. The péssible ways in which

A S
each of these points might be translnted inte practice must be

.

explored" (p. 277).
It follows Fhat one passible means of speeding up;fhe evolution
. of the technologies of instructicnal design and development and to
1mg?ove the guality of instruction is to synthesize stepos and guide-
liges, which educational literature report to b? effecti;e in
instructional design end development, 5o as to generate proceos
nodels for tﬁe production of different instructional strategies.
The accuracy of gsuch process models would then be determined by
operations research which identifies the steps and areas that require

modificatjon and/or elaboration.

Gaming-Systems

~

Gagés are gelf-initinting and self-sustaining (Coleman, 1970).

People throughowt the world learn, practice and relax through play

{De Koven, 1975). ecreational games arc played by the adult
populace in homes, hommunity and recreational{agencies, churches,

private clubs, commercial casinos and a variety of other institutions
S
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(ivendon & Sution-Smith, 1971, p. 246).

[#]

As stressed ﬁy Ténsey and Unwin (1969), "A game suggests it 1
not serious, +that it is not work...use.can be made of this, and
against‘the backé;ound of fun, leérning mbst cert%inly can take
place” {p. 5?). A principle thei underlies game3 15 that learning
is cppropriateiy a by-product of mctivity directed.thurd another

ogl, end therefore, motivation to learnm is intrinsie, derived Ifrom
1 ’ *

motivation to win in the game {Baker & Schutz, 1971; Boocock & Schild,

1968; Coleman, 1970; Tansey & Unwin, 1969).

The etfectivencsa ofLan instructional game‘is due primariiy‘to
1t5 mo ivut\onal impact on players {Gamson, 1975). And i%s ubility
to involve players in thc process la enhanced by the oppartunity
for improvisation. ZPariicipation involves n _high proportion of
decisions or pleye besed on personal choice'ﬁnd a mmall mmber Eased
or wher&\?he player weighs his/her understanding of the process
azainst his/her judgement of his/her ovn skill in the proces3 and
against the possibility qf some thing happening in a more or lesa
random fashion {--chance--) which would improve or damage his/her
position (Feldt & Ceodman, 1975). It is the introduction of a small
aount of chance thot often gubstantially increases the gome's ability

to suctain the intﬁreat of lesg well- 1nfcrmed players and allows

them to continue to learn frem the " gaming-syoten,

R

~ Znough isolated research projects into the effectiveness of gawes
has acowwmulated to indicate that they are probably very powerrul

instructional vehicles (Twelker, 1970). The affcctive gutcomes of
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instructional gomes include changes in sttitude toward the subject
matter of the gazes. and increasing tendencies to btacoze more active

nd gelf-dirceiive in the areas of the subjeci matter | Twelker, n-d.

{5)]). ind, concepts can be exzbodied in a geme 50 that players are

conpelled to.recall and/or process thox in order to succzed in the

gaoe (Bloomer, 1971; Hopitins, 1974). TPFurthermore, Groenblat (1975 b)

abserved that in o recent summary of evidence concerning the cffective-

ness of instructlonal gumes,

There is an increasing esmownt of positive data on the

effects of teaching with games; where the evidence does
ot Teveal benefits of gmuing techniques over other

+ modes of %teaching, neither does it show the roverse:
that is, those taught with games do not prove to huve
learned less fhon those taught in traditional viny:o
{p. 188). ' )

lMetric System
ope (51) memsurement sysiez proposed by the International Tureau

of Weights and Yeasures (SI: The Imternstional System of Units, 19707

nas been ndopted for Canadian usage. This systen wan chesen because
of ;ﬁs advantages over t&e Taperial’System ofiﬂcasurcment and over
osiher metrie systeas. The mﬂjor.advnntages are that calculntion in
it is much easier since all relationships are in the péwer.of ten,
o estimated Qoﬁ ¢f the world's population will be ucing the metric

srstem in the near future, and its syabols make it o truly intermational

seasurement language (Goasage, 1974). .
Making the citlzenry both awsare ond informed are indispensable
clements in promoting harmonious changes in mociety (Rubins, 1973):

Thus, Stevenson (1975) pointed cut that:
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'In this exercise of chenging over o nation to a new
and different system of measurement units, the real |
objective is public education... It is really, ir
You Ttan accomplish it; communieation with the com—
munity in both directions, and the gaining of good-

" w11l and cooperaticn when you are trying to do it

on a voluntery bases (p. 25),

-

—

Since a smooth\conversion to the metric system of heasurement with .
ninimuz cost depends upon secondary re-socialization, metrie education
prograns must arrest the natural resistance to change that resides in
most people (Hopkins, 1974.;§ Hume, 1974; Keyers, 1975; Parker, 1973,

Stevenson, 1975).

Because, "a change to metrie for many will be sort of & cage of
Future Shock! (Meyers, 1975, p. 21), many metric-education articles
argue for s widespread "think-metrig" campaign (Bormet, 1974; Heyers,

1974 a, 1974 b, 1975, Stevenson, 1975). Hopkins (1973) ndded that

Such a compaign could make industrial training tasks easier, reduce-

the burden upon individual tonecerns, and be an effective way to
transfer some costs of metric conversion from the private to the
public sector (p. 269). The Primary concern of the campaign would
focus on facilitation of a kind of intuitive identificat}on of
specific metric meaauigments each with a fgmiligr visual experience
or activity; éuch ds, a metre 1is roughly the height of & kitchen

counter (Allen, 1974; De Simone, 1971; Moving to Metric). [This 1s

the same basic 5tep that wasg employed in making the Imperial System
of Measurement easy to learn: Customary units were related to
everyday experiences, such ag y & foot is gbout the length of & man's
foot ané a yard is about the length of & man's am (De Sinone, 1971,

p. 37).]

N
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The Internntional Bureau of VWeights and Measures (SI: The

Internationel Systex of Units, 1970, ». 17) ond the Conadian

Goverrment (Cansdien Veights and Measures Act, 1972, pp. 708-9)

recomize *the non-SI unité, litre and tonne, and their corresponding

symboys "J" and "t", for common usage. And, the distinction between

the terms weight ond mass is unimportent for the non-technical

"population (Ketric and Measurement: SI is simple, 197&; Hetrication:

a guide for consumers, 1974; Metrication: a guide for producers of .

packaged gooda, 1972). Thusg, for the citzenry's everyday use, metrie -

o]

neasurement includes: (a) Celsius temperatures: -30, Oo, 200, 370,

- 100°, 175°; (b) volume or capacity: millilitre, litre; (¢) length:

millimetre, centimetire, metre, idiometre; (d) weight or mass: milli-

[

grom, prom, kilogram, tomne (Easy to Use Metric Conversion Tables,

1974; Hopkins, 1974; How to write and type SI: A Style Guide, 1974;

IR Odepard, 1974; Wells, 1975).

‘

There was no dearth of aoids available for faﬁiiitating the

. citizenry's re-socialization teo the metric system of messurement.

The follovwing wcrc'cxmmbled of frec or inexpensive metric aids which

werc reedily available:

(a)
(»)
(e)

(@)
(e)
(1)

(g)

Citizens' Seminar:. VWorkshop; National Consumer's Association;

How tb Metricook: Booklet, Maple Leaf Mills Ltd.;

The Metric Bug: Pamphlet, Bank of Montreal;

Ietric Mensure: Ruler, Metric Commicion;

Go Metric: Temperature Convertor, Royal Trust;

Metrication a guide for Cénsumers: Booklet, Information Cnnnﬁa;

Think Metric: 9lide Converter, Commercial Credit Coroporation

134
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Ltd.; nd

(h) Think the lletric Viay: &ube, Netric Commision.

However, the exisiing gids have had limited impact since thé mejority
of tgem focus on canversion from Imperiasl Systen Units to metric

gyotén units, end/or froé bre metric unit to ancther. Thus, a leatn-
ing 2p remains between functioning in an Imperinl-Systexn world and
ready apslication of the exdsting métrie aids. This gap might be
dereribed as the intuitive identification of specifie netric measure-
ments exeh with o ferm of vizﬁal experience or nctivity. Furthermore,
a5 explaired by Van Der Made (1575 b), leva Seotia representetive of
the Yational Conmumer's Association of:Canadn, "Adults who are not

part of the cuptive cudience for metrication courses via school or job,

and who regresent a larpe portion of the population, arec the most

aifficult to rench with metric education.”

S5 “ar on the nresent author could determine (American Metric

Jowrnnl, 1974775 Hove & Tomiszowslkdi, 1974; Zuckerman, 1973) one

aid'vMich has not been developed for introducing
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Trocess Yodel

Introduction

Instructionsl design and develomment are evolving technologies.

Current educatioral litercture describes numerous activities for ihe
- . . ‘
production of in };uctionul systens., Tke intention herein was, there-

fore, to syntheniie steps and guidelines, which the literature report
tc be effective; into & sysicms approach fo; directing instructional- T
pame mctamo;phesis from ifs-eufliest perception to 1ts evolution zsg an
instructional uysfem.;,Th;Tultimate purpose of th@ gcnera%ediparagggﬁ

wan Lo specify learning conditions, which accommodate differentes in

learners! abilities, achievement, motivation, and rutes of learning,
7

i

while exploiting opﬁortunities to increcasge the efféctiveness and

efficlency of the geming-systen. ”

The parndigm consists of four E?ases ag‘shown in FPigure 1. Eech
phase comprioes a multitude of steps. Decisions made in early steps
offcr criterie end guldelines for making subsequent decisions. The
iterntive procoss 1s cqht;olle& by feeéback of findings to determine
the ~portion Af the 6utput éf previous steps thaf“sh;uld pg altered in

light of new information. : . o .

The prototype-design phase creates the first version of the

»instrﬁctipnal\guming-syéteu. The temporal cequence of this phase ig

akown in Pigure 2.
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Steps 1-3 formilate the problem. Step 1 identifies the need and
underlying‘problem for which an instructional systch iz potenéial
solutién [Atkinson, 1977; Branson, 1978; Brien & Towel, 1977; Diek
& Cerey, 1977; Osguthorpe & Bishop, 1978; Twelker, n.d. (e)]. This
entails investigetion of poten%igl for impact ?nd current contribution,
factors (Pick & Carey, 19:!7). Social utility of the instmc'tion@
system, cost of its preparation (Pophen & Baker, 1971}, ond availability
of competing systems (Osguthorpe'& Bishop, 1978; Ppphan & Baker, 1971)
'should also be considered. The need is validated thfough judgoernt of
inforﬁed individuals yia existing literature (¥evo, 1977; Osguthorpe &

Bichop, 1978) and in the envirenmernt in which the instruction will be
: - ’ )

conducied (Brnnson, 1978; levo, 1977). This identification of necd
continues until there Ws justificﬁtion for presentation to administrative

officirls or funding agencies {Dick & Carey, 1977).

[a)

Step 2 generates goals and sub-goals (Butler, 1977; Dick & Carey,
19%7; Hodgson, n.d.; Igcatis &_Smith: 1972; Fopham & Baker, 1971).

Step 3 analyz€és the instructional task to produce objectives which

must be panifested as evideﬁce of achieving the desired learning (Faust &

Van Dam, 1973). These objectives should be derived from real-world

requirenents and needs, related to the riceds mnd experiences and goals

of learmers (Yelon, 1973), end analyzed.end structured.in hierarchiel

ordered eccording to complexity (Brian & Towel, 1977; Dick & Cerey, 1977;
Lin@vnll & Bolvin, 1969). They sho;ld also be.jargon—free (Yelon, 1973),
describe’ conditions and bebavior and criteria (Atidnson, 1977; Locatis &

Smith, 1972; laoger, 1962; Nawaz & Tanveer, 1977; TYelon, 1973) end com-"

prise & complete set ofIrequiremenfs,(Lindvall and Bolvin, 1969;

\on
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Yelon, 1973)~-general, terminal‘affectigg behavior, terminal cognitive
behavior, and enabling behavior. The latter describes the basic
ectivity which is intended to bridgq‘zhe gap betweern the learner's

initial repertoire and the desired terminal repertoire.

The Instructionsl strategy is selected in Step 4. The guestion is
to decide if the attitudes, knowledge and skills stated above will
probably have sufficient impact if couched in the form of an instruec-

tional geme [Atkinson, 1977; Osguthorpe & Bishop, 1978; Twelker, n.d.

; (e)]. Real-world constraints with which the gaming-system mst contend

are identified and validated via data rather than hunches and intuition.
Such factors as target population and cost (Atidnson, 1977; Greenblat,
1976; Topham & Baker, 1971), and time and space (Atlkinson, 1977) should
be exsmined, If the hurdles are tao great for the gaming-strategy to
surmount So as to =chieve the objectives, the decision is ”infeasibil—

ity", in which case a different instructional strategy should be chosen,

If it gas bee? decided that the gaming-strategy is feasible, Step 5
delineétes all suﬁject matter to be incorporated (Baker, 1973; Duke,
1973; Nevo, 1977). This subject matter should be derived from expert
opinions (Baker; 1973; Osguthorpe & Bishop, 1978) and be ordered in

the sequence or pattern (Brunsoﬁ, 1978; Butler, 1977) implied by the

veqeyling objectives.

Step 6 identifies an appropriate existing model for the propoced

instructional gome (Feldt & Goodman, 1915). Then, Step 7 adapto the

-identified modol.to produce the prototype for the proposed game. [These

steps are suggested by the facts thet (a) one of the greatest problems
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»

in game design is ensuring that the gaming-activity is appropriate for
the torget population, (v) there a}e a 1imited number of basic ganes

ond all others are varities thereof (Unwin, 1974}, end (c) the discovery
0f 2 forast which efficiently *ransmits essential instruction fosters
the subsequent revision of tke product (Baker, 1973)J Obviously, Steps
& and 7 are key design steps and should not be'rushed beczuse the
quality of work they entail will be re;}gcted in the garme that is

subsequently designed. -

.

The existing recreationel or instructicnel gace identified in
Step 6 as an appropricte model tor the proposed geme should have ade-
quute parity with the specifications stateh above. This entails being:

{1) =already popular'with the torget population; '

(2) aata represented on and by gaming pleces readily substituted

by 21l subject—matter data delimited above;

(3} on interaction-process (--process which talkes place to

form the center-plece of the gume——) that (a) involves
piuycrs ir the some type of data manipulation as is

implied by half or more cf the enabling objectives, and

(b) is readily cxtended to 1nclude-5£l.types_of manipulation
implicd by said bbjectives; and

(4) 1implementation econstreints suggested by the target populotion,

goals, and objectives: (z) cost of obtaining and operating,
«(b) poming equipment readily employed by terget population,

{c) location requireuents, (d) number of players, (e) competi-

tion beiween individuals and/or groups, (f) time required to

learn to play, (g) time required™to cycle, and (h) recycling by
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the same players,

-

If & game model is not readilj identified, the parity criteris
should be employéd to identify and combine elements of different

existing games to create the reguired model.

Step 7 transforms the identified model into the propoéed prototype.

_A graphic illustration of this transfofmation is shown in Figure 3,

The npdel is adapted to conform to blueprint specifications, including
target population and entry behavior, goals and objectives, subject
matter, and iﬁplementation constraints. [it ie important to (a)

include both goals and objectives sc as to avoid what Baker (1973)
describes as being, "trivial, mechanistic and arbitrary in their con-
seriptions of the developmental task" (p. 256) and (%) repeat con-
straints from Step 6‘to prevent them being neglected or deleted

v

during the complex iransformation proceas{]

o Other blueprint specifications to which the prototype must conform

a;e instructional principles. This list af prineiples divides into

six cateéof;es: directions in rules of play and on gaming pieces

(1-4), focusing learner attention (5-11), commhnicating knéwledée and .?}
glills to be learned (12-23), learner-activity (24-39), feedback %o
learner (40-45), and packaging{46). The instructional principles are

as follows;

~
1. Make directlons

+

1972), _

: . 4
2. Avoid new terms and jadgon in directions (Locatis & Smith, 1972).

"3, Specify directions so that learners can learn from them without

:
-
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constant héip while making steady progress toward mastering
defined obiectives (Lindvall & Bolvin, 1969).

4. Design meteriel so that they require minimal directions {Locatis &
Smith, 1972; McCormick, 1972).

5. Trovide for learnmer motivation (Baker, 1977; Popham, 1971; Popham &
Baker, 1971; Yelon, 1973) initiated by a small chance_factor
which improves or damages the learner's positight in competition

(Feldt & Goodman, 1975), and/or by curiosity (Locatis & Smith,‘

red o

1972), and/or by the need for achievement. .
6. Attempt to gain, direct and maintain learner attention to
ensure réceptiveness to instruction (Locatis & Smith, 1972).
7. Require learnmer-reaction to and engagement with information as it is
'convcyed (Butlcr, 1977; Staﬁl & Anzolone, 1970).
8, ¥nsure purposeful learner-activity via informing the learner
what he/she is to do with the new lmowledge ond gitills (Butler, 1977).
9. Tnsure that the learner sees gonls as attasinable (Butler, 1977).
10. Require self-directed behavior of learner f Yelon, 1973; Twelker,
n.d. (u)]. - ”
11. Involve learnmer in continuocus responoe activity (Butler, 1977)
which is appropriate to objectives (Loeatis & Smith, 1972).
12. hvoid hidden cultural biases end diccrimination in insiructicnal
naterials (Locafis & Smitn, 1972).
13. Present only stimuli necessary for attainment of specified
outcomes so as to avoid wasting valuable instructional time
end providing a source of potential lenrner-confusion {Locatis &

Smith, 1972).
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15.

16.

17.

18.

19.

20.

21,

22.
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Provide for new knowledge to be related to and integfated with

the prior knowledge structure (Butler, 1977; Locatis & Smith,
1972).

Ensure that examples are familiar to learne;s from diverse
background s (Fleming, 1970; Hodgeon, n.d.; Locatis & Smith, 1972;
Yelon, 1973).

Place the lmowledge and skills to be learned in a context that
demonstrates their practicality‘(Butler, 19%7).

Present terms, facts, concepts, principles; Procedures and
operations to be learned in a structured sequences or pattemrn
such as functional (-interrelationships-), spatial (-diegrems-),
temporal {-sequence of events-), logical (-based on all the above
three-) (Butler, 1977), as implied in cognitive-learning objective.
Ensure learning of complex knowledge and skills by presehtiﬁg
subject matter via printed message (Fleming, 1970).

In presenting subject matter to be learned, use multiple sensory
modality inputs only if the rate of input of information is very
slow (Fleming, 1970).

In presenting knowledge and skills to be learned, ensure effective
learning by combining words with related or relevent illustrations
(Pleming, 1970). ' ‘ .
Facilitate concept learning by arranging examples and non-examples
of the concept so that critiéal fentures are more noticeable
(Faust & Van Dam, 1973). °

To ensure concept and principle learniﬁg, communicate the concept
or principle followed by a series of examples (Faust & Van Dam,

1973).
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32,

33.
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Accompany presentations wit@ jllustrations and cnalogies (Butlgr,
1977) and graphic support [Twelker, n.d. (a)s Yelon, 1973).
Ansure that learmer starts at a level at which his/her present
ability of achievement indicates that he/she is functioning ;nd
permit him/her to move from there (Feust & Van Dan, 1973).
Snsure that learning activityris sutotelic, i.e., contains its
ovm goals and soﬁrces of motivation (Moore & Anderson, 1975).
Snsure that pericds of intense learner-involvenent are inter-
spersed with more detoched or enalytic periods (Duke, 1975)..
Arrange learning-activity events so that they are largely deter-
mined by the learner (ﬁoore & Anderson, 1975).

Snsure that the learning ectivity frees the léarncr to reason
+hings out for him/her 5e1f vhile freeing him/her from depending

upon authority (Moore & Anderson 1975) .

D -

Trom the outset, permit the learmer to explore freely so as to

discover a problem from which hg/she, in turn, feels the need to
identify solution(s) (licore & Anderson, 1975).

Permit the learner to make full use of his/her capacity for discov-
ering various kinds of.?elationships (Mmore.& Anderson, 1975).

Pequire learner to distinquish betvieen examples and non-exomples ¥

P -

of new knowledge and skills to be learned (Instructional Guide #1,

n.d.).

Insure learning of similaritics‘(which underlié;’fﬁe formntion of’
concepts, principles,.generalizations) by emphagizing the common
attributes and de-cmphasizing the differences (Fleming, 1970).

mo achieve stimulus control, employ respondent or operant condi-

tioning (Faust & Van Dod, 1973) .
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34. Allow learmer to transpose the conceptual content to fit his/her V
ovn reperioire [;1ndrall & Bolvin, 1969; Twaiker, n.d. (ai}.

35. Provide opportunities for leerner to identify and acquire and
repeat actions, such as the following, which he/she mssumes are

. involved in master}ng’of defined objectives:
(a) 1eads to ;uécess in a particular situation,
(b) appeases the motivation condition,
(c) serves as means to desired ends, ‘ -
(d) supports prior success acticns, and
\ (e) supplements or compensatés~for valued prior knowledge (Butler,
1977).
36. ‘Require considerable. immediate repetition end review via drill

.

for learning of discrete information such as names and dates, but

>

* less frequent‘repetition and review for meaningful 1e;rning of
concepts and principles and processes (Butler, 1977) ;hile avoid-
ing unnecessary redundancy (Locatis & Smith, 1972).

37. Provide for learner's sclf-testing and self~e;aluation (¥awaz &
Tanveer, 1977; Yelon, 1973). ’ ‘

33. Ensurc that the learner makes a series of interconnected dis-
coveries about the knowledge and skills bging learned (Mooré &
Anderson, 1975). R

39, Allow the lenrﬁgr the time he/she requires to master the taak
(Butler, 1977).

40. Reinforce correct learner-behavior (Gagné, 1970; Faust & Van Dam,
1973}).

41. Provide learner-with knowledge of his/her progress (Butle;, i97q)./
2 _
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42, Provide opportunity Jor iearner to learn vhy, wher his/her aetion
is unsuccessful (3Butler, 1977; Locatis & Emith, 1972).

43, Proviée terporary prompting of learrer's performonce when neées—
sary (Butler, 1977; ﬁodgson, n.d.; Lindrall & Dolvin, 1969; Yélon,
1973).

44. Trovide learner wifh means of verilying concepis and principles
during the lewurning process (Butler, 1977).

45, Emphnsize reward, de-emphasize punishment [Twolker, n.d. (e);
Yelon, 1973].

46. Design packaging sb that materials are coslly accessible and
interpretable by learners (Qaker, 1973).
The comple{e bvlueprint specifications described above combine to -

suggest gaming c;ements related to pla&ing‘directiohs;'design, pro-—

3 . t I3 .
duction, and environment. These elements must either be present in

the model or be substituted for or integrated with the model's reatures.

The pleying directions and design elements, which produce the rules of

play and the design of gaming materials, include:
(2) +the interaction process .of the game (Atkinson, 1977; Gréenblat,
1976; Walford, i959); -
(v) player objective in non-subject matter terms--be first to
’ rain winning score (Atikinson, 1977),
(¢) indicutor of player status—-number of houses or points, amo;nt
of nmeney, etc. (Boyd, 1976),

(a) acceptability-~-a very narrow to a very broad population [Twelker

n.d. {c)],
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(é) amount of equipment--no equipment such as in discussion to
full equipment so that every process is stimulated with
paterials (Atkinson, 1977, Walford, 1969),

(£} personal cantribption of players--bound by predetermined rules

- _ iﬁ all respects to free from predetermined rules (Walford,
1969), ' .

. {g) feedback from peers--none-to a great deal [Yelon, 1973; Twelker,

n.d. (¢)], and

(h) competition--each player operates against others 1o players

operating as one unit (Davis, 1970; Walford; 1969).

The production elements entail (a) emount of eguipment {Atkinson,
1977: Walford, 1969), and (b) complexity and expense of production--
simpie and'inexpéhsive to produce to complex and expensive to produce

[Popham & Baker, 1971; Twelker, n.d. (¢)]. And, the énvironmental

elements include (a) location constraints--none to very restrictive

(ﬁolden, 1973), and (b) environment--threatening to pleasant for

learner (Yelon, 1973).

As the nodel is tran;fprmcd by the above elcmenfs, the prototype's
centerpiece, and then profile, evsive. It ié at this point that
the following gamclfeatures should be examined for internal consisten-
¢ies -- material-- EPwelker, n.d. (eﬂ\:
(a) game goal in non-subject-mattér terms,
{v) information to be acted on by pleyefs, '
(¢) storage of data or inormation'(e.g. board or receptacle),

(i) means of displaying information,

(e) means of verification of moves or answers of players,
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(£) infommétion clabsification which permits players to use
information during course of game,
(g) =achievement indicators that permit scorirg (e.g. clock,
score -card), - ®
(h) - rules of game play,
(i) probability of correct answers,
(j) probability of correct-response sequences by one
parﬁ;cipant; ) »
- (x) chance/known selection of, information,
(1) type, frequency, and emphasis of penalty,
{m) type, frequency, angd enphasis of rewards, and

(n) emphasis and location of risk.

The sane gamg featured should be examined for ¥xternzl consisten-

cies -- meeting learning objectives-- [Twelker, ﬁ.d{(eﬂ . The evolving

prototype 1 tnon rodified to remcwe the identified internal and ex

ternal inconsistencies. And finelly based on these consistent game

features, (;) the rules of play, (b)/design of gaming materials, ()

production of geming materials, end (d) the playing environment are

delineated. - (

LY

Instrumentation

The 1qstrumenuation phasc produces and/or obtains instruments for

v

asseasing the effectiveness of~the gamlng—system. The temporal sequence

of this phooe is shéwn in Figurg 4.

r

For bolh developmental and demonstration evaluatiods, Step 1
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generates the minimal criteria ncceptable for dencnstrating the attain-
ment of (a) all terminal objectives specified in the above phase
{Boker, 1973;: Butler, 1977; Dick & Carey, 1977; Iocatis & Smith, 1972;
fetfessel & llichael, 196%; Nemaz & Tanveer, 1977; Twelker, n.d. (e)]'
and (b) geming-materials effectiveness. This step also de;ineates
evaluation designs for 'assessing the efféctiveness of both the proto-
type mnd the final versionhoé the gome (Nevo, 1977). The develop-
mental-evaiuatidn désign should also incorporate colleection 6f pre-

’

requisite déta for facilitating planning of demonstration evaluation, -

- such a2s the relat;ve'number of cycles required for achievement of

criterion measures,. Tho nejor emphasis ;n the developmental rphase
should be on the nature of errors (Baker, 1973); while emphasis in the
demenstration phase should be equally én the nature and the percentage
of player erfors. For the latter phase, cognitive criteria should be
expresse@ in the form of hypothesis or hypctheses which Eompare the
results of ‘playing the game ﬁith that of not playing the gamé (Earkle,

1967) afhd/or with the results of other instructional program(s).

it

Step 2 describes the mea uring instruments [Baker, 1971; Metfessel

& Nichael, 1967; VNowsz & Tenveer, 1977; Nevo, 1977; Twelker n.d. (e)

Yelon3 1973] suggeoted by the c}iterion measures and evaluntion designs.
These instrﬁments sﬂ&uid focus on all objgcfives; l.e., on achievement,
attitude, skill, interest, and commitment (Sanders & Cumminghem, 1973).
The major emphasis should be ;n the collection of .data based on ob-
servable events, rather than on subjective.evaluation by an observer
(Pophom & 3Baker, 1971). In addition to test results, information is

: - 4,
obtained via questiohnaires, observations, and scales for learners .
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(Locztis & Smith 1972; Stolovitch, 1978). Data gathEAing should in-

clude player-responser both during and after game pl&ylhg (BaLer; 1973).

uld be desipned so that they produce datz which readily
sel & Michael, 1967).

Instruments 3
lends to modification of the goming-system (Netf
coilection thet distracis from the geme's ceffectiveness
! ”,
\

And, dota-col
2id be avoided (Tocaztis & Smith, 1972).
reliable measuring-
N (54

.

otep 5

determines if eppropriate, validated,
Irstruments shcould not be utilized because

o
(3]

instroments are avallable,
I their ava*ldbility3'but rather because they adequately: test the

ident-

o]

> instruments

cribed oﬁject}vep {tevo, 1977)
notruments

prropmsinte, available measurin
Dach zetoof

scoring.

Siep 4 o‘*q ng
other required instrumentc.
for vdninistering and

ified, and designs o

shipuld be zeccmpronied by instructions
. ,; ,

uring instruments designed #ibove nre validuted

- 1n Step 5. me
“Lchqel, l“Sﬁ. Tanveer, 1977; Zcph
i of

- f

o

o & Baker, 1971;

an
Metleonol NHowoaz &
Yelon, 1973]. 3ince tie
both validity

.ULPGF, n.d. (c);
Y . ’
items buntrgtcd to reuqure objectives chow greot v'r;aulo“,
o . N L
be determined (Bﬂ:er, l9r>) Instru-

-*
ince it would
. +

and relisbility estimates should
ghould be ovolded
‘ i tilons " the

men%g  which hnfd not been wvnlidated
not bLe certein i? datarcollecied by them reflect the conditions otf
essment .inotruments (Tocatis & Smith, 1979).

waing-oysten or weal a
Step 6 .generates data-anzlysis procedures, including appropriate

I : >ners " it
atical methodc, for both obiained and designed measuring instru-
The emphasis should be on inter-

1967).
tc formulate recormend-

sta

3.

nents [ vt'chLW & Michoel,
terms of criterion measures so a

.

preting data in
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.

ations that furnish a basis for further implementation end modification

of the gaming-system (Popham & Baker, 1971).

Developmental Evaluation

The developmental-evaluation phase runs small-seale pfotgtype-

tryouts under controlled conditions to determine how the gaming-system

should be modified, and subpequently revises or discards the prototype.

In addition, as noted in the above phase, & few decisione regarding

the gaming-system are necessary prior %o completing planning of the

demonstration-evaluation procedure. These decisions are, therefore,

baged on the relative effectiveness of the prototype. Figure 5 graph-

ically suwmarizes the major steps in developmental evaluation.

Step 1 reviews the evaluation designs, criterion measures, and
measuring instrumenté for both developmental and demonstratio; evalﬁa—
tions so as to delineate the procedure for the developmental phase.

This procedu;e should include the collection of prereou131te information

.

for the demonstration phnae,'sucﬁ_aa thg mumber of cycles required to

‘achieve eriterion measures. Trybut?, suggesiea by the procedure, should

be scheduled sb that time is adequate for making revisions between

trials (Locatis & Smith, 1972). g

Step 2 selects a small number of tryouf—players, perhaps one to
six (Baker, 1973). These persons should be close and sympathetic
friends to ensure obtaining responsible criticiem of the prototype
[Feldt & Goodmen, 1975; Twelker, n.d. ()], and_shoulq be approXimate

representatives of the target population. Feldt & Gdbdmen (1975)
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caution that many promising games have been lost or severly damaged
by presenting them to a body of unsympathetic eritics too early in

their development.

In Step 3, evaluation and geming materials, including rules of
play in formét intended for operational conditions, are préduced for
que tiryout of the prototype (Dick & Carey, 1977; Osguthorpe & Bishop,
i978; Stolovitch, 1976). Production-specifications delineated in the

previous phases should be strictly adhered to.

éteg 4 conducts a prototype-tryout as specified in Step 1 above.
Players shouid (a) be assured that it is the game, not the participants,
which is the subject of evaluation (Locatis & Smith, 1972; Stolovitch,
1976), and (b) be closely monitored as they learn [Markle, 1967; Twelker,
n.d. (e)]. Their questions about the ganme, but‘_zm the content, should
be answered (Stoloviteh, 1976). Constructive criticism by learners
shouwld be encouraged (Locatis & Smith, 1972; Markle, 1967; Yelon, 1973)
which includes pointing out ambiguitieé that call for resolution? in- |
dicating difficult points that either require ndditional development
or clarification, and indicoting where the game is trivial and un-—-
intc}esting'(Green, 1969). On-the-spot cggnges in the prototype should

be made and then players should try again (Stoloviteh, 1967).

In Etep 5, player-results are analyzed and interpreted in terms
of criterion measures specified in the instrumentation phage so as to
formulate recommendations that furnish a basis for further implementation

and modification of the gaming-systea (Pophem & Baker, 1971).



B N c!'l.

———

PooR PR/AT

35

Step 6 determines if the discrepancy between ‘developmental-
evalurtion criterion-meacsures stated in the above phase end pleyer-
resulis Justifies modification of the prototype from the'post/effect—
iveness standpoint (Baker, 1973; Dick & Carey, 1977; Locatis & Smith
1972).. If this discrepancy dces not justif& modification of the
prototype, Step 7 'discards the protoiype as it is infeasibie, and then
suggegts reéy;ling from the first step of the prototype-design phase.
On the other hénd, if the discrepancy@justifies modification, Step 7

- :
makes prototype-revisions which are based on direct inferences derived
from learner-performance [Beker, 1973; Dick & Carey, 1977; Green, 1969;"
Greenblat, 1976; letfessel &-Micael, 1967; Pophan & Baker, 1971;
Thiggarajan, 1976; Twelker, n.d. (c)] in relation to achievement,
attitude, skill, interest, and commitment (Aikinson, 1977; Sanders &
Cunningham, 1973; Stolovitch, 1967). These modifications should be
made in reference to the prototype-blueprint specified in Phase 1, Step

7.

Step § cxamines Step 1 above to determine if another tryout is
required., If another is required, Stég 9 recycles from Step 2 above
(Dick & Carey, 1977; Green, 1969; Greenblat, 1976). However, if

ancther tryout is not required, Step 9 reviews the results of Step 1

.end each cycling of étep}S to obtaln prerequisite information for

completing planning of the demonstration-evaluation.

Demonstration Zveluation

-
The demonstration-evaluation phase tests the goming-system with
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representatives of the target population under coperational conditions
to determine its performance characteristics for the real world, and
subseguently decides if its adoption or edaption should be recommended

(Markle, 1967; Stolovitech, 1976). Figure 6 f1lugstrates the principal

steps in this phase. L

Step 1 reviews the demonsiration-evaluation dezign, criterion
neasures, =nd measuring instruments from Phase 2, and the prercgquigite
information from Fhase 3, Step 9, so as to generate the procedure for

demonstration evaluation. Then, Step 2 selects 20 or more evaluation-

“subjects from the target population and describes operationnd playing-

conditions (Harkle, 1967). Next, Step 3 produces evaluation and geming

‘ materials, including rules of play in format intended for operational

conditions, for one field trial. TFroduction specificnfions delineated

in the cbove phases should be strictly adhered to.

In Step 4, a field trial of the goming-system is conducted as
specified by Step 1. Players chould (a) be assured that it is the,
geme, not the participdnts, vhich i3 the subject of evaluation (L;catia
& Smith, 1972); Stoloviteh, 1976), and (b) be clesely observed as they
learn. Their guections about the game, but not the content, should be
answered (Stolovitch, 1976). cOthructive criticism by Jearriers should
e encouraged (Locatis & Smith, 1972; Markle, 1967; Yelon, 1973). This
eritieism includes pointing out ambiguities that call for resclution,
indicating difficult points that either require sdditional development

or clarification, and indicating where the geme is trivisl and un-

interesting (Grccn, 1969).

r
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Tn Step 5, ployer-results are onalyzed and interpreted in terms
~of criterion neasures as specified in the zbove phase, for the purposes
of (a) deternmining if the game can stand alone [Twelker, n.d. (cJ],
and (b) formulating recommendations that furnish a basis for further
implementation end nodification of the\gaming—systém (Popham & Baker,
1971). Step 6 determines if, from the cost/effectiveness gtandpoint
(Baker, 1973; Dick & Carey, 1977; Iocetis & Smith, 1972), majbr modifi-
cationg are required for the gaming-system to stand elone. If major
revisions are not required for the gaming-system to stand alone, Step 7
makes modifications suggested by player-results [Green, 1969; Lindvall

: Bolbin, 1969; Metfessel & liichael, 1967; Popham & Baker, 1971;
Thiegarajon, 1976; Twelker, n.d. (c)] in relation to achievement,
ottitudes, ckill, interest and committment (Atkinson, 1977; Sagﬁers &
Cunningham, 1973; Stolovitch, 1967). These revisions should be made
in reference to the prototype-blueprint specified in Phase 1.

If Step 7 ﬁnkcs revisioﬁs, Step 8 recycles Step 2-7 above, and
then proceeds directly £o Step 9. On the other han&, if Step 6 deeides
that revisions are najor and, therefore, not to be made, Steps 7 and

B arc omitted.

In Step 9, an extensive geme-study report documents the’ entire
study and provides evaluntion data regarding the instructional merits
of the project (¥evo, 1977). This report should delinecate the strengths
. and wealmesses of the gaming-system, and establish the 1imit of\}ts
usefulness via & clmplete description of the populetion with whom it is
evaluated (Nevo, 1977). Detailed date, which can be analyzed by

other evaluators, should alao be inecluded.

4
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Production of Matric Activity

Introduction

The process model described gbove was applied in the production
of an instructional gaming-activity for facilitating voluntary con-
‘veralon to the metric system o? measurenent. This ganing system was
Iintended to be engngéd in for enjoyment and, at the same %time, to
intreoduce the participants to comuon meiric concepts. The ultimate
purpese of the metrio game wag to heip bridge the gap betwécn function-
ing in an Impcrialeaaaufement‘world and employment of readily-avail-
ablo, metric-conversicn aids. This application of the process model
originated wiéh observation of tﬁe citizenry's frusitration resulting
from the use of metric measures in weather reporting and commorcial-

item labels.

PROTOTYFE DIESIGN

Problem Formulation

Need. Tho (SI)‘Measurement System proposed by the Internationsl

Bureau of Welghts and Measures (SI1:; The International System of Unitas,

- 1970) has been adopted by the Canadian Government for Canadian usage.

fiowever, as Stevenson (1975) succinctly explained, changing a nation

over to a new and different systen of measurement units on a voluntary
basis involves gaining the community's goodwill and co-operation,

Faking the citizenry both eware and informed are, therefore, indispens-

.
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able clements in prono¥ing harmonious changes in society {Rubins, 1973).

And, since a smooth conversion to the metric system of measurement

with minimum costs depends upon secondary re—socializatibn, metric
education progrems must arrest the natural resistance o change that
resides in most people (Hopkins, 1974 a; Hume, 1974; Meyers, 1975;

Parker, 1973; Stevenson, 1975).

The change to metric has been further complicated by thq Tact that
readily—nvaiiable, metric—conversion_aids focus primarily on conversion
from Imperial System Units to metric-gystem units and/or from one
metric unit to another.- Thus, an cbvious gap remains between function-
ing in an Imperial-Measurement world‘and ready application of existing,
metric-conversion aids. This gap asg:t be described as the intuitive

o
identification of specific metric measurements each vith a form of

4

visual experience or activity. It is because of this gap that state-

.ments such as the following are being voiced with increasing frequency:

"A change to metric for many will be a sort of case of Future Shock"
(Meyers, 1975, p. 21). And, "The quantum leap from one (measurement)

system to enother is frustrating to most of us" (Robinson, 1978, p. 7).

Bridging the learning gap is, ﬁevertheless, no small probleﬁ. The
Canidian populntion divides into three distinet categories for re—
socinlization to the metric system of measurement: 2hiidren who
are being introduced to the new gystem via schools, adults who
require -the re-education for job performance, and the remainder of
the population for whom the ré~educntion i3 neceasary to cépe with

cveryday life in & metriec world (Gossage, 1972-73). This latter
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segment, which representsva large portion of the Canadian population,
includes those adults who are not part of the captive audience for
metric re-education, and are, therefore; very difficult to reach with

education progrems (Ven der Nade, 1975 b).

It foliows that one of the most inexpensive procedureé for second-
éry re-socialization of the Canadian population tc the metric system
of measurement should involve an activity which (a) has no location_
constraints, and (b) arrests the natural resistance to changes while
introducing customary metric ﬁnits. Such an activity would ultimately
meke industrial training tasks easier, reduce the burden upon individ-
usl concerns, and be an effective way to transfgr gome costs of metrie
conversion from the private to the public sector. Furthermore, need

for the activity will probably exist for the mnext three to four years

while only 26 weeks were required to generate and apply the process

‘model in the preduction of the metric geming-system. And, exclusive

of the sglary of the educational technologist, the cost of the gntire

study was $1198.74.. Thus, the time and cost factors were favorable.

Goels. The goal of the process-model application was to produce
an instruetional activity for facilitating voluntary conversion to the
metric system of measuremént. The sub-goals of the activity were:

(a) to show that metrig units :éa&ily relate to everyday

experiences,

(b) to erouse interest in and.provide motivation for conversion

to the metrie s&stem of measurement, aﬁd

(e) to illustrate the ease with which metriec concepts can become
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meaningful to adults.

Target populatibn. The target population included persons la *

years of age and older who bad not received metric education via
schools and/or job retraining. The entry behavior was readily function-

ing in an Imperial-Meéasurement world.

Objectives, The general objective was to produce an instructional

activity which would be participated in for enjoyment, and at the same

time, would introduce participants to common metrie concepts. The

terminal, affective-learning objective of the activity wés that plhye£—
rating be "positive" for 80% of the game variables listed for each of
the following:
" (a) enjoyment of participation,
(b) acceptable introduction to -the metric system of measurement,
and r |
(¢) . real-life relevance in relation to general-pubiic playing-
appeal. )
' Since one of the first contacts of adults with thé metric system
of measurement was expected ‘to be with unit symbols, such as M for

métre on commercial wrgppérs, it.was decided to include symbols in

the learning objectives. Thus, the terminal, cognitive-learning

’

objective was that-the participant achieve 80% correctness on a given
written test involving the matching of metric unit-names, each with a

symbol and an example of visual experience or activity for:

0

(a) Celsius temperatures: -30°, 0%, 20°, 37°, 100°, 175°,

(b) volume or capacity: millilitre, litre,



Y7 o

PooR PRIAT |

(e) iength: millimetre, centimetre, metre, ldlonmetre, ard
. (4) /mess or weight: milligram, graw, kilogram, tonne,
Dxemple: | »
Place the letter of the appropriate item from Column B on .
the blank preceeding each Column A item. Each Column B_-

item may be used only once. -

Column A Column B 3

100° Celsius A. freezing point of water

20° Celsius ﬁ. boiling ﬁoint}of water a
0° Celisius C. nmwmoderate oven tqmperatuée

. D. normal body temperature
'Eu' normal room temperature

F. none of these

The’cognitive-learning ocbjective dictated constraints to be
built into the instructional activity. These were expressed in the

form of instructional or enabling objectives, which ineluded:

(a) practice in erranging data into four different quantities
" (--temperature, volume or capacity, length, and mass or

-~

weight--),

(b) practice in ronk-ordering metric deta within each quantity,
and

(¢} practice in matching metric unit-names each with its corres-

ponding symbol and example.

After having achieved these initial learning-steps, each partici-

pant can be expected to employ the free and inexpensive meiric alds

s0 a8 to functioq.réadily in a metric world.

3
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Instructional Stratesy . " .

The gaming stréfegy appea}ed to be appropriate féf the affective-
learming objectives since gaming can result in chaﬁgea in>attitudea
‘toward the subject area [T#qlkeg, n.d. (b), p. 6]. The gaming strategy
also appearetd to be aooroprlate for the cognitiva—learnlng objective
since game rules can be constructed ‘to represent general phenomenon in
a’ subject matter so that players project detai}s into the' phenomenon ‘and
thus learn from and about it (Goodwin, 1973, p. 934). In addition,
games arg}popular with the target_popﬁlation (Coleman, i@?O; De dean,
1975), and a game can belmade exclusively of printed material so that it
: h;3 no location constraints (--does not require a captive audience-=-),
and so that it is simple and inexpensive to produce-(Holden, 1973). It

was, therefore, assumed that gaming was an,appropriafe choice of

strategy for the metrlc instructional-activity,

. 0.

Subject Metter

b
The four metric quentities and their units and corresponding
symbols and examples were as follows:

1. Temperature

1750 Celsius

o C Moderate oven.
1900 Celsius c Boiling point of wuter
;70 Celsius C Normal body tempersture s
20o Celoiug o} Normal room temperature
0~ Celsius c Freezing point of water
-20" Celsiug C Battery trouble temperature

2. Volume or capacity

A

One litre £ 3 large coffce cupsful
One nfllilitre ml 20 raindrops

frer
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3, Zength .
One kilometre km Distance of 10-minute walk
Orie metre n Height of kitchen counter
One “centimetre cm Thickness of pencil . _
Cne millimetre -~ mm Thickness of a'stick of gum
4. Weight’or nass
: Cne tonne ) t Welght of a compact car ™  °
One kilogram kg * Weight of a full round steak
One gram 4 Feight of an unadorned ring
ng

One rilligran Yeight of a fly's wing

E]

.

‘Identification of llodel

Specificetions for the model of the prototype-game were generated
from the gools, target population and entry behavior, objectives, and

subject metter. Thié éﬁ%el was to be-already_popular with persons

18 years of age arnd older, apd'thb deta represented on and/or by Its

_ gaming-pieces were to be readily substituted by the specified, metric

subject-matter. The interaction process of 'the model wos to_involve

“players in at leest two of the following manipulations: (a) erranging

data into different categories, (b) rank-ordering of data in each

category, and (¢) forming equivalent sets of date within each category.

. If one-of these interaction features was not exhibited by the model, it

wes o be readily incorporated via extension of the model.
P .

4

The following implementation-constraints were intended %o
maximize the ﬁrdtotype—game's accessibility for the target populaticn.
The, geming-materials were to be made exclusively of printed metter so
as to be»simpl; and iné¥pensive to proddpef‘which in turn;,would mﬁie
the prototypé—gamc inexpenaive‘to obtain and 4o oberate. There were .

to be no location constraints, and the gaming equipment was to be

*
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readily employed by persons 18 Years of age or older. Tge modgl wa.s

to be played by six or less players competing in teams, ecycled in less
than 15 minutes, and readily recycled by the same players._ In addition,
a maxirmm of three or fewer cycles were to be required to learn to

play the rodel-game.

Porty-Five 15 a popular gome with Canadian adults (Morehead &
Mott-Smith, 1968) which meets the other specifications listed above.
This model is a card geme which involves players in gaining points via

.an intersction proceas of grouping data into four different suits and

rdhg:gigyfz;é'data in each of the four suits.

Model into Prototype

Transformation. The 1dentified model-game, Fo -Five, wes adapted

to conférm to blueprint specifiéations including target population and
entry behavior, gonls and objectives, subject matter, implementation
constreints, and instructional-design ;;inciples (—see Pp. 21-26)..
These specifications combined to suggest gaming elements related +o
ploying directions, design, production, end environment (--see Pp. 26 &
27). Some of the elements were exhibited by.the model, others were
substituted for thoee in the model, and still others were incorporated
as extensionu of the model. Am these elements transformed the model,
into the prototype-game, the new interaction-process evolved. The
gaming-ceﬁteépiece involved players in competition to ga{n tﬁ; winning
score first via (a) winning tricks by Playing the highest ranking metéic
card or'the LAST card in the higheat ranking set of metric unit, symbol

and exemple, and (b) forming sets of metric unit, gymbol and example
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from cards won regardless of tricks.

Profile. The metric data was represented on 43 playing-cerds --
each displayed o different éxample, symbol or unit. Since quantities
were suits, each cerd 2lco displayed coloured moridngs identifying .
its suit. The highest randng card, the Celsius Symbol, displayed
distinctively larger suit-merikings than the_ other cards. For samples

of cerds, see Appendix A.

The Ranking Chart showed the metric date arranged in sult-
4
groupings. Each suit was outlined in the colour corresponding to that
on the cards. Listings‘within each sult were in decreasing rank-

order according to metric magnitude, and sets read across the chart:

exemple, unit, symbol, For sample of Ranking Chart, sez Appendix Ba

The prototype vas apprépriate for playing with four or aix
participahts, in teons of two, and with each ployer sented between
opponents.- The player-objective was to gain points by winning tricks

gnd by making sets with the cards won.

mhe Hanking Chart vas distributed to each player for reference
throughout the game. Each participant was dealt five cards. The
next card on the deck was turned Tace-up a8 trump. If the Celsius

Symﬁol card was turned face-up, the denler could take it in exchange

4

for any cerd he wished to discard from-his hand. If a player was

3

dealt the Celsius Symbol cérd, he could teke the turnmed-up card in

4

exchange for any card he wished to discard.

1

The player to the left of the dealer lead first. Each other

player wns required to follow puit or trump, which ever he preferred.
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““However, if unable to follow suit or trump, a participant could play

as he pleased. The Celsius Symbol card could-:be played in any turnm,

regardless of lead or trump.

Each trick was won by its highest renking cerd. If the Celsius
Symbol card was played, it won .the trick since it was the highest
ranking card. If the Celsius Symbol card was not played but trumps
were plgyed, the trick was won by the highest ranking trump or by the
LAST card played in the highest ranking trump set. However, if
nelther the Celsius Symbol card nor trumps was played, the trick wag
won by the highest ranking card in the suit lead or by the LAST card

plgyed in the highest renking set of the suit lesd.

For each team, one member collected the tricks won, and a&s the
Play continued, he/she arranged these cards into sets regardless of
tricks. AThen, when scores were calculated, a trick was eny four cerds

in & four-playerzgome or any six cards in a six-player geome,

Five points were gained for each trick won. In addition, five

extra points were gained for each set of two made with the cards won,

© and 16 extra points were gained for each set of three made with the

cards won. Scores were calculated and recorded at the_end of eaéh

hand of -play, except when the winning score of 75 wap gained during a
hand of play. In the latter case, the game ended at that point, Scores
were calculated, and the team with the highest score was declered %he

vinner.

Moterial consistency. The goel of the metric game focused on

scoring points via winning trieks and making sets. The playing cards
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displeyed data which could readily be classified into suits and

gubclassified into sets. The metric data which woas represemted on

the cerds was displayed on the Ranking Chart_iﬁ rank-ordered suilts.

was to play; (b) which suit was to be played, when possible; {c) the

winning card in each trick; and (d) how sets could contribute extra

The rules of the prototype governed (a) when esch perticipant .

9oints to scores. Cards were randomly distributed to all pleyers

vig dealing, end were held in fan-sheped fashion, facing the holder.

Each trick was won by the highest ranking card or by the last card

played in the set of highest rank. A series of tricks could be won

. by the seme player and/or teem.

and frequently awarded. These included:

(a)
(v)
(e)
(a)

(£)

scoring points for tricks won,
scoring extra points for sets made with cards won,
playing lead card for having won previous trick, ¢

recelving the Celsius Symbol card for turning it face-up
. — -
when dealer,

receiving the turned-up trump for having been dealt the
Celsius Symbol card, and )
knoving all other cards played in a trick by being the last

to pley for that trick. -

Although there were no penalties in the prototype-play, there was

risk for zll players except for the pleyer of the Celsius Symbol card

and for the last player in the trick. This risk involved choosing

to pley a high-renking cﬁrd, and then haviﬁg an oppenent win the trick

via playing o higher—fanking card or the last card in the set of

.y e

Rewards and privileges were emphisized
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highest rank. Risk was alsc involved in playing a cerd that opponents

might win and then use to gain extra points via meking a set. It

therefore appeared that the prototype was internally consistent.

zxternal consistency. The game goal served to direct partici-

pation in the competition of manipulating metric date in attempting
to gain the ;inning score first. This metric data was displayed on
playing cards. Maniﬁulation, as specified by the game‘rules, in-
volved arranging the metric data into rank-order within quantities
and into sets, and required that lead or trump-suit bé followed when
possible. Zach player held his cards fan-shaped and face-in for ready
selection, while not displaying them to other ployers. After each
participant fluyed oné card in turn, the trick was awarded to the
player of‘the highest-renking card or of the last card played in the
highest-ranking set. It was:possihle for a player or team to win a
sequenct of tricks. -And each play was readily verified via reference

"to the Honking Chart,

Player réwards were émphasized and wére frequently awarded. .These
included points geined for each trick won, and for making sets with
the cards won, Each participant frequently took the risk of pleying 8
a high-ranking card and having an opponent win the trick by pleying
a hig@er—rankiﬁg card or the last card in the higheot-renicing sef@? On
the other hand, there were no penalties. Thaerefore it oppeared that
the prototype was extenmily consistent; i.e., that the 1eé.m1.n.g
objectives probably would be achieved via grouping, matching, and

8 ranking of the metric cards as specified by the playing rules.
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Prototype. The intermal and externzl features together with the
profile provided a foundation for generating the rules of play, design-
ing and producing gaming materials, and specifying the playing environ-

nent. ' A ) . .
INSTRWENTATION

Evaluation Overview

Formative evaluation of the metric guming-system involved design
S B

and validation of assessment instruments, development of the final

" version of the prototype-game, and demonstration of the effectiveness

of the gaming system. Assepament focused on three effects: cognitive-
1baEh1ng, affective-learning, and gaming-materials. A cognitive-
learning questionnaire (-test-) was required for metric-knowledge
assessment. For evaluatipn, a!foctive learning and goming-meterials
vgfiables were combined urder "detriefing effeets!, For debriefing-
assessﬁent,fogr instruments Wege reguired: a huestionnaire, a
,discuaaion gulde, a game—playiné observation and a metric-converter

» . _ .

by
disglay. :

Criterion nmeasures. The game was considered éatisfactory when

the following criterion measures were achieved:
1. (a) .Cogniti#e-learning for developmental evaluation: Three
of the four players score 80 on the metric-kmowledge test.
(b) Cognitive learning for demonstration evaluation: (Hp)
Playing the game results in higher, metric-knowledge

. test-scores than not playing the game, and (Hp) pleying the
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game with few players results in higher, metric-lmowledge
test-scores than playing with more players.
2. Affective learning for developmental and deﬁonstrntion evaluations:
Mean playef responee of "positive! for 807 of the gane variables

)

listed for each of the following: (a) enjoyable to play, (b)
acceptable in;roduction to the netric systenm of mensurehent, and
(e) of real-life relevance in relation to generni-ﬁubiic playing
appecl, - |

3. Gaming—materials effectiveness for develomental and denonstration

evaluations: A1l identified deficiencies are removed.

Developmeﬁtal evaluation. The developmental phase ran small-

scale tryouts of the éhming—"ystem to deternmine how the prototype-game
chould be modified, and subsequently revised the prototype so that it
more effcctiVely.and efficiently met the needc for which it was design.-
ed. In addition, a few decisions concerning. the gaming cystem vere
required as prerequisites to completing the dcmonstration;dvaluatioﬁ
procedurc. These deeisions were based on the relative qffectiveness
of the protetype: Since the.number of cycles had te be determined,

it vas decided to include a few different numbers ef\cycles in the
tryouts. And since the order of administration of agasesmments

vas to be established, 1t wms deeided to determine if delaying the
cognitive-learning assesctment until alter dcbriefiné assessmeﬁ%

regulted in higher, metric-knovwledge test-scores.

During cach tryout, four adults played the prototype-game while
the ~dmirnistrator sat with then to observe and guide the prlay. Follow-

'ing cech tryout session, player-results viern compared with the‘_
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criterion measures to determine if 1t was feasible to continue the
evaluation. 1If the evaluation was to continue, the prototype system

vas modified to remove the identified defects.

In the first three tryouts, players cycled the prototy;e,four,
seven,‘and ten times respectively. Following game-playing, cognitive-
learming and then debriefing assessments were administered. Since
criterion measures were achieved by the third tryout, the fourth (last)
tryout involved ten cycles of the prototype followed by administration

of debriefing and then cognitive-learning sssessments.

Demonstration evaluntion. The demonstration phase subjected the

final version of the gaming-system to & field trial for the purpose

of determining its performance characteristics for the real world,

and subsequently recommended thet the game be'considered for dissemin-
ation to the target population. 4 posttest-only controlagréup

experimental deeign was employed in this evaluation.

During the field trial, the.administrator sat with the players
to observe and guide the play. Twelve subjects played 10 cycles
of the game in groups of four, and were administered the cognitive-
learning aﬁd then the deﬁriefing aggessments. Twelve other subjects
played 10 cycles of the game in groups of 5ix, and were administercd
the cognitive-learning and then debriefing assessments. Twenty other
sub_jecfs were administered the cognitve-learning assessment only.
Following the field trial, five subjects were randomly selected from
each of the experimentsl groups and 10 were randonly selected from

the control group.,
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Table 1
Cognitive-Learning-Questionnaire Blueprint
Content . it
(Recognition-Skill Items) Weight | Item - D v
; (1 point | format
Metric unit |Symbol & per item)
& example metric unit
Temperature
~30° Celsius
Q°® Celsius . .
20° Celsius C 7 Selec~ | .40 to .BO |. 30 & over
37° Celsius tion .
100* Celsius
175° Celsius A few .39 [.20 to .29
or less with modif-
Volume or (difficult)|ication
capacity
millilitre ml L
litre L A few .81
7 or over
Length (easy)
millimetre - mm
centimetre cm 8
metre m
kilometre lan
Weight or mass
milligram mg
gram g 8
kilogram kg
tonne ” t
Total
15 11 27

k

D: Difficulty is the portion of examinces who answer item correctly.

¥

V: Discrimination is the ability of item to discriminate between
better and poorer examinees,
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Cornitive-Learning Questionnaire

It was de;ided to prepare a multiple—choice, selectidh—tYpé
questionnaire for cognitive assessment. There were several reasons
for this type of test: Studies have shown that multiple-choice items
are more reliable and valid than other types of items (Bréwn, 1972)
for ev;luating convergent thinking, The cognitive—learning objective

- for the metric game concerned matching items of the lower-level
domain. The concepts, on which tﬁese obj;ctivea focused, were homo-
genous sets of items that reddily lent themselves to construction of
grammatically appropriate alternatives for each premis (Marshall & ‘
Hales, 1972). The altern§§ive, "none of these", was ;eadily
included. Since the items were relatively short, one question could
be answered in less than one minute, ‘And, scoring was simple; rapid,

and objective (Brown, 1972).

dlueprint. Table 1 illustrates the blueprint for the Cognitive~

Leerning Questionneire. Since difficulty indicates the portion of
examinees who answered the 1ltem correctly, the ‘larger the index, the
easier the item! Although the index of‘O.SO indicates maximum
differentiation among examinees (Marahall & Hales, 1972), cmitting
‘items from the preliminary questionnaire would necessarily make the
firal version more difficult. It was, therefore, decidéa that

appropriate difficulty-indices were (&)  0.40 to 0.80, (b) a few 0.3g

or less, and (¢) a feéw 0.81 or over. The formula for calculating
indices of aifficulty ia: D=1%——, when R denotes the number of subjects
answering the item correctly and T denotes the totel number of subjects

sttempting the item (Huntley, 1976).
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Discriminationrindicates the ability of the item to differentiate
between the better and poorer examinees, and thus the extent to whiéh
success or failure on the itey indicates knowledge of the metric
concept tested. Since indices of discrim{nation above 0.6C are good
in diseriminating between examinees, 0.20 to 0.40 are of some value,
and less than’0.20 is so small as to be considered negligible; it

was decided to uccept discrimination indices of (&) 0,30 and over,

Vand (b) 0.20 to 0. 29 with modification. The formula for calculating
. Ry- R
indices of discrimination is: V= (1)

number of subjects in the upper group answering the item correctly,

» When Ry indlcates the *

RL denotes the number of subjects in the lower gToup answering
correctly, end T indicates the total number of subjects trying the

item (Huntley, 1976).

Pilot testing. The preliminary questlonnaire consisted of 63 1temﬂ.
The arswer key for this questiomnaire was verfied by a Grade VIII
student who was excellent in math. It was established, via administra-
tion of the questiomnaire o an adult who admitted not having pr;or
kmowledge of the size of metric units, that there wns no Tatigue

point within the test.

Iteh“hnalygis and conteng-coherence reliability coefficient were
calculated on the seme subjects at the same time. The subjects
included 15, third-year engineering students at Saint Mary's University
in Halifa;c; and 15 morning-gymnasts at the "Y' in Dartmouth. Thisg
subject-combination of half who were expected to have coﬁsiderable ©

knowledge -of common metric concepts and half who were expected %o

have little, if any, knowledge of common metric concepts, wes intended
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to ensure a fair amount of variability in test scoves (Roid & Haladyna,
19?7; Huntley, 1976). With both groups of subjects, the administz;ator
distributed coples of the qugptionnaire face-down, requested that
the copies be simulténeously turned face-up, read all instructions
aloud, and then requested that each participant complete the question-

neire independently.

Scores were recocrded es the number of items answered correctly.
Each questionnaire was graded by two independent scorers, eand for

the two disagreements, arbitration was employed.

. - -

Item analysis. The guide for discarding items from this prelim-

inary test is shown in Appendix €. Thie method of discarding extra
items involved the use of rational procedﬁreé as 8 basis for initial
gelection, and then the use of statistical techniﬁues to check on .
that judgment (Mehrens and Lehmanm, 1973, p. 334). Thus, it;am—selecﬁ.m
involved the following order of activities: '

1. Determine the iteéa to be selected from.

]

2. Discard if omitted by two or more examinees.
3. Accept widest'spread'of low responses over elternatives.,

4. Modify or discard, if ambiguous.

5. Modify or discard if more than one correct alternative-answe
6. Choose most acceptable dig;}ngit& and discrimination indices.

7. If still undecided, accept item which most closely maintains.,

‘\\\

the item grouping of the preliminery test. .

8. If so dictated by the above steps, discard up to 1 of the it;;L,

specified for each quantity.
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Appehdix D’ shows the indices of difficulty and discrimination
for the preliminary version-of the questionnaire. The items whicé”/y

survived the pilot testing were 2, 5, 7, 10, 11, 12; 13, 17, 18, 21, 25,

26, 27, 30, 32, 36, 45, 46, 47, 48, 49, 50, 52, 55, 57, and 63. TFive

®! 6f these itens required slight modification. One unintended correct

.

--¥‘;n_“ﬁ‘}g}jgfnaxive'wns onitted from each of two items, One foil, which was

too -strong, wﬁé discarded from each of tﬁo'itéms. ‘The prémide of
one iéem was reworded to make it more specific. In additioh, 1

few nodifications were mahe to {he questionnaire introduction-;age.

One sen{ence vas divided to.ﬁake it less complex. The request was
added for examinees not 4o look at the qu;stionnaire'until asked to

.do so. And, the instrubtion Tegarding paning completed quéstionnairea

face-down on table or desk, was transferred o the bottom of the last

[N
~

questionnaire page, The-revised instruction poge and & second version
of this page--for control subjects--are shown in Appendices E and F

respectively.
A

;The.numbering'sequen;e of tbe preliminary questionnaire was.nSt
maintained fdrezpumber of reasoné& It was necessary to maintain the
‘zlfernating of directions for groups of questions. It was necessary
to separate gfoups of_questions in whichla f0il was too strong for one
of the premises. »And-;t, vas also hecessary to begin the quastidnnaire-
with groups vf guestions, and té'avoid placing more than two consecutive
'ipdividual questions between groups of‘ﬁuestions wheﬁever possible,
so oo to reinforee the‘iﬁéﬁruétioq that each alternmtive could be used

" only once -in each groub of Questiong. ~As result, the above-listed
surviving items were remumbered: 4, 5,.6; 1, 2, 3, 25, 26, 22,23, 19,

20, 17, 16, 15, 14, 7, 8, 9, 12, 13, 10, 11, 18, 21, and 24 respectively.

Id - -
.
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The final wversion of tHe questiomnaire end its scoring -key are shown

.

lln Appendices G and H. Said key was verified by & Grade V111 atudent

who wns excellent in mathematics, including metric measurement.

i)
a

Neliabiaity coefficient. The Kuder-Richardson 2] procedure was

employed to determine the content-coberence, reliability coefficient.
. - .

This procedure was chosen because each cognitive~questionnaire item

wus scored +l:or 9, it avoided the problem of having to split the
test (arshall & Hales, 1972), and because this method is sppropriecte

for untimed tests (Tuclman, 1972).. The formula for calculeting this

P 3 -
coefficient of reliability is: rxx "ﬁ’?' - [} - 'E‘é§;2“:l';]!

vhen n denotes the number of items,'f indicntes’the mean 5Core over
all subjects, and sz‘denotes the varicnee: the square of the sum

of the deviations from the mean foY all subjects, divided by the number

of subjects (Mehrens & Lehmann, 1973) Appendix I shows that the

‘relinbility coefficient was O. 95, which indicated that 95% of - the
- variance of questicmnaire scores in associated vith knowledge of

" metric usage s described in the game's cogﬁitive-leqrhing objective |

end thot Eﬁ of the veriance is .unassociated. And,'since a réliability

coe’ficient of 0.65 suffices for group—deéiéions {lfehrens & Lehmann,
197%), the reliability of the Cognitive-learning Questionnaire wes

very ncceptable. . : !

Debriefing Instruments

Debriefing assesmment focused on the attitude, akill, interest,

and committment of players, as well as the offectiveness of gaming

raterialo. TFor ewaluation purposes'these were regrouped under the

r
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following categories: (a) enjoymen?rin Playing the metric game,
(b) introduction %c metric system of measurement via this game, (c)
real-life relevence in relation o cltizenry playing-appeal, end
(d) gaming-materials effectiveness., For all items under these

categories which readily lent themselves to ranking, 2 rating-scale-

tvpe questionnaire was prepared. For the other itenms, 2 diécusgion

quide, & gofie-playir-pbservation, and a meiric-converter display

were prepared. Copies of the questionnaire and Discuscion Guide ere
containcd‘in Appendices J and K, Trespectively. Game-playing ob§ervntion
involved observing gaming—"ysfém déficiencies during gome-pleying.

The nmetric-converter display involved observing player-readtion {o
disployed converters. Appendix L containg copy of the bYlueprint for

k v
debriefing datn-anelysis.

The seoring schene fgr the questionnaire involved (2) converting
the built-in, A - E ratings fo numerical ratings; (b) average ranking
a1l respondents forxeach’itéh; ard (e) recording o directionnl symbol .
with each of the averamge rarkings; i.e., "+" for positive—-correspond-
ing with the goals ond objec{ives of the gaming study--, or "-".for
negative--conflicting with the goals and objectives of the study;_

(Mager, 1968). \ ' »

2

4

For the-discuscsion éuide; two scoring schemes were included, one
for itep-“esponses related to gaming-materials effectiveness, and one
for item responses related to enjoyment iﬂ pleying, introduetion to
metric systen of measurémcnt via this gome, and real-life relevance,
For the latter ;z;ring scheme, each response-idez required recording

(a) a phrase describing. the idea, (b) a corresponding directional
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symbol, and (e¢) a corresponding fraction denoting the portion of
respondents ogreeing vith that idea, Tach item-response related to
gaming-materials effectiveress required recording (a) a phrase deacrif
bing each defect, and (b) when avalleble, suggestion(s) for correspond-

ing modification(s). For gane-playing obhervation, the scoring

schene was the same as that described above for gaming.-materials

effectiveness, TFor the converter-display, the scoring scheme involved

recording o phrase describing the average reaction of participants--
acceptance or rejection; i.e., if metric converters were wWillingly

- obteined and experimented with so as to employ metric measures,

I &

DEVELOPMENTAL EVALUATION

Troblen” ,

Dévelbpmpntal evaluétion ran smell-scale tryouts of the prototype
to determine how the gaminé Systen s@oulglbe modified, ond subseguentiy
revised the pro%otype 8o that it more effectively end efficiently
zet the needs for which it was designed. 1In 3ddition, a few decisions_
regarding the‘gaming—system vere necessary prior to completing the
denonstration-evaluntion Planning. These‘decisions werq:tharefore,
based on the relative effectiveness of the prototype: Since the
number of gamejcycles Was to be determined, 1t was decided to include a
few different numbers of cycles in the fryouts. And since the order of
administration of assessments was to be established, it wag decided to
. determine if deleying cognitive-learning escescment until after debrief-
iné noscasment (—-3ffective-lcnrning and gaming-materials effectivendns)

l results in higher metric-lmowledge test-scores.
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The gaming-system was considered satisfactory when one iryout
achieved the follewing criterion measures:
1. Cognitive learning: Three of the four blayers score 805 on the
nmetric-kmowledge questionnaire.
2. Affective léarning: Mean player-response of "positivef for 80
of the gane variaﬁles listed for each of the following:
(a) enjoyment in playing,
(b) acceptable introduction to the netric system of reasurement,
and
(¢) real-life relevance in relation to citizenry playing-appeal,
3. CGaming-materials effectiveness: A1l identified deficiencles are

reooved.

Iiethod

Subjects. The subjects were 16 adult-acqu&intances of the preqent
4 . author. Acoua*nthnces vere chosen to facilitate free and honect critic—

izm of the gaming sy stem.

frocedure., After each tryout, cognitive and debriefing results
werc compared vith the criterion meagures, The degree to which these
measures were achieved by the tryout dictated 1if ;;aluation should.
continué If it was to be continued, an attenpt was made to elimlnate
all identificd gaming-system defects prior to the next game-playing

gsession.

Each tryocut's agenda was conducted in the same order, ercept for

the tryout following the one in which the cognitive criterion-measures



Poor PR/NT 3

63

i

was achieved. In this (1ast) tryout, the order of administration of
aszestment instmments was reversed. The tryout design for each of
the four grouns of subjects is shovn in Table 6 below:

Table 6: Tryout Desi

YNo. of
Tryout Yo. of consecutive Yost-playing
group subjects game-cycles assessment
1 4 4 cognitive, debriefing
2 4 T cognitive, debriefing
3 4 10 cognitive, debriefing
4 4' 10 debriefing, cognitive

“zch host and/or hostess was requested to arronge a social event

invelving the tryout of a newly-designed, ecdult caré-game in his and/or

her home with three other adults. It was explained that all gaming-
mate}ia}s weuld be supplied by the present nuthor, cnd that the purpose
vms to help identify the game's sirengths and weaknesses, and to
sugpest subseguent improvements. It was also expleined that the
present author would not play the game because she would be ocecupled
with recording the identified strengths, wealmesses, and suggeoted
improvements. In sddition, it was noted that the evaluntion seszsion
was intended 4o included questions such as the following:

{a) Were the playing cards satisfactory?

XS

e
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(b) How cooplete were the playing instructions?
{c) Vinat made you feel good while playing the game?
(d) What is your opinion c¢f the game?

{e) To whom would you recommend this as an enjoyable game?

Tach tryout session was introduced by restating the above explan-

ation, with the exception of the five evaluation questions. It was

.8l90 pointed out that it was the game, not the players, which was +o

be evaluated. A copy of the Discussion Guide was then distributed

to each player with explanation that the questions therecn would be
included in the post-pleying discussion of the game. HNext, the Geme-
Population Questionnaire, which is displayed in Appendix ¥, was admin-
istered and then collecteg in an ordér in which the.Cognitive-Learning
Questionnaire could also be readily collected during post-playing
evaluation. Guming materials, including rules-of-play in traditional
write-uﬁ format, were then placed in the center of the table with the
request that players begin the specified number of cycles as they

would eny other new gome.

During caech tryout Sessicn, the present author sat with the
players to guide and observe the ploy, aond thereby to record identified
deficlencies wand correuponding modifications. This guldance and
observatioﬁ involved: '
(n) an:wgring‘players' questions about the application of the
gami;g—"ystcm, but not its contents;
(b) encouraging constructive criticism by players {--including
pointing cut cmbiguities that called for resclutions, indicating

different points that required edditional develomment or
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clarification, indicating where the game was trivial and
uninteresting, and suggesting subsequent modifications);
(c) making on—&he-spot changes in the prototype and tken having
the players {ry again;
(d) collecting data concerning observable events in relation to
player performence rather than subjective evaluatioh by the

administrator.

Irmediately following each game-pleying session, evaluation wes
introduceéd by expressing appreciatién to participants for the pleasure
of observing them play the game snd for helping to identify its
strengths and wealmesses. Participants were reguested to further
eveluate the geme, and assessment instruments were then edministered
in the specified order. In the case of the cognitive questionnaire,

a copy was'distributed face-down to each participant, with the request
that they be turned face-up simultaneously. The administrator read
the instructions aloud (including thet names were not required), end
explnined that since it wns the game, not the players, that was

being evaluatéd, the administr&tor would remain at a specific locaxién
in the room from which she could be seen, but from which she could not
read players' answers. Participants were requested tc complete the
questionnaire independently. After each participant had completed
his/her copy, questionnaires were collected in the same order as the

Game-Population Questionnaire had been ccllected prior to game-~playing.

Since game-playing observation was necessarily conducted during
playing of the game, it vas the other debriefing instruments that were

adninistered during the post-playing evaluation. This assescoment was
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introduced by explaining that this portion of the evaluation focuséd

on how the players felt about thg game.  The first debriefing instru-
ment to be edministered during the post-game evaluation session was

the Debriefing Questionnsire., One copy was distributed to each .
perticipant with the requést that these be completed immediately and
independently. Following the collection of completed questionnaires,

the Discussion Guide was administered by casually, not hastily or

rigidly, guiding the discussicn of each question. Duri?g this discus-
slon, two types of data were recorded, one Tor responses related to
gaming—mﬁterials and one for responses related to affective-learning
objectives, gor the latter, the administrator recorded each response-
idea, its corresponding directional symbol (--"+" for agreement with
the goals and objectives of the goming-study. or "-" for disagreemenf
with these goals and objectives--), and its fractional-rati?g (—-de-

noting the portion of participants agreeinngith that ideaﬁgnd direct-

ional symbol--). For goming-materials-related responses, feedback-

defects and modifications were recorded. And, finslly, one free,
slide-style met;ic converter for each participant wasg casually placed

in the center of the toble, end the administrator then observed if the
average participant willingly obtaineg a converter and if the converters

were experimented with so as to employ metric measures.

Analysis, The analysis for each tryout involved cognitive-learn-
ing and debriefing data. Game-Popu;étion Questionnaires and Cognitive-
Learning Questionnaires, both of which had been collected in the same
crder, were readily pzired for esch player. One Cognitive-Learning

Questionnaire wan eliminated for the subject having prior knowledge of
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the size of metric units. The remaining questiongeires were each

scored +1 or O per item by two independent persons, and in the case
For each tryout, the

of disagreement, arbitration was employed.
percentege-correct for cognitive-learning test scores was calculated

for the highest three out of four scores.

For each tryout, debriefing data-analysis focused on.three
affective-learning categories (-~enjoyment in playing, introduction to

metric usage via this game, real-life relevance--), and the gaming.

Por the anzlysis of Debriefing

materials effectivenesas category.
ratings were converted to

(a) built-in A -

T
I

.Questionnaire data:
numerical ratings, (v) responses for each item were average-ranked

over all participants, (e) each average-ranking was assigned a direct-
ional symbol {--"4+" for agreement with the goals and objectives of

the game-study or "-" for conflicting with the goals and objectives

of the game-study--)}, and (d) each average-ranking and its correspond-

ing symbol were permanently assigned to the category dictated by the
Debriefing Data-Analysis Blueprint ‘shown in Appendix L. For Discﬁssion
Guide data, (a) all response-ideas relating to geming-materials effect-
iveness were temporarily eliminated, (b) each remaining response-ldea
was temporarily assigned to the affective category dictated by £h3
Debriefing Data-Analysis Blﬁeprint, (c) the mean player-response for
each category item was determined by examination of the corresponding
fractional-ratings and directional symbols, and {d) the mean response
and its correaponding symbol were permanently assigned to the specified
category. TFor the converter-display, the mean response was designated
a corresponding directional-symbol,land these were then permanently ‘
apsigned to the category dictated by the Debriefing Data-Analysis
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Table: 9

Feedback and Modifications for Tryouts

Feedback

Modifications

A. '"Rank order" in playing in- Add two rank-order examples
structions not understood in instructicns
» |Be M"3ET" in playing instruc- Add two SET examples in
tions not understood playing instructions
C. Relatlonship between data Explain this relationship in
on cards and Ranking Chart playing instructions
n not understood
5
e ‘ .
& |De Simplify 3 large coffee Substitute "3 large cups of
cupsful® coffee" on card, Ranking
Chart, Cognitive-Learning
Questionnaire # 10 & 11, 12,
"14
E.  "Game cycles® in Debrief- Substitute "times" in #5,
ing Questionnaire not and "times" & "replay the
understood game" in # 8
As ‘tuestion: Can Celsius- Add sentence stating "in
Symbol card be used to red SUIT only" in playing
maxke SETS in red suit instructions
only?
B. Helationship between data Add two eeparaté sentences
I~ on cards and on Ranking at bottom of Ranking Chart
» Chart, which was explain- repeating this relationshif
a ed early in playing in-
% structions, not remember-
& ed when play began
C. Facilitate more rapid mas- Provide each pléyer with

tering of playing instruc-
tions and ready rereading
of specific sectlons

copy of playing instruc-
tions
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Feedback

Modifications

Make gamewrecycling even
more enjoyable

"hnadorned ring! not readily
understoocd

Continue to have winning
team for each game-cycle,
and add to playing instruc-
tions; :

a) At the end of each game,
each player records tris/
her team score as his/her
individual score '

b) Change. partners at the

end of each game

¢) The final winnper is the
player with the highest
score over all games ¥

Substitute "man's wedding,
ring" on card, Ranking
Chart, and Cognitive-Learn-
ing Questionnaire # 10 & 11

Question: Where is discard-
«d card placed?

In playing instructions add
to the bottom of the deck™

De
o
©
=
5
FEIN
=
3
o
2
:
e
E'
™
% A.
£
£
4 A.
-+
3
o
&
=]

"Normal" not meaningful in
aescribing room temperature

Substitute "comfortable" on
card, Ranking Chart, and
Cognitive-Learning Question-
naire # L. ‘

¥ For explanation of the word'"game",‘see Tryout 1l. E on this‘table°
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And, finally for each affective cltegory, the per centage

Blueprint.
of permanently uwssigned "positive" responses were calculated
' ory included

Anélysis of the geming-materials—effectiveness
data from game-playing observatlon and from Discugsion-Guide items

(The latter referred to items which the Debriefing Data-Analysis

Blueprint éesignated to the gaming-materisls-effectiveness category.)
Data enalysis for both 6f these pources invelved (a) determining which
identified defects were valid, (b) deciding which of the corresponding

' 1

buégBGtiODB for modification were femsible in relation to the game's
blueprint-specifications (as stated in the Prototype-Design Phase) and
recalled g&me playing observution, and (c) asgigning the valid defects

and their corresponding appropriate reviaions 83 necessary improvemsnts
to gaming-materials. ‘

Hesults
Since ell subjects were 18 yeara of age or older, no Cognltive-

Learning Ouestionnaire scores ware elimlnaund due to subjecta! agess
However, since one subject of Tryout 3 indicated on the Game Population

Cuestionnaire that she hed prior Imowledge of the size of metric units,
subject was elimin-

the Cognitive-Ieorning Questionnaire score for that

.
.

ated.
Table 7 shows the combined results for each of the four tryouts.

Danta analysisg fof affective-learrding objectives is chovm in Appendix ¥
. P : .
and feedback defects and subsequent revisions are shown in Table 9.

The results of Tryout 1 showed that (a) the cognitive-learning

wdY
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" eriterion-measure was not achieved (54%), although playing the proto-

jype-gam; moy have increased metric-knowledge test-scores, (b) the
criterion measures were achieved for two a-fectlve learning objectives
(100%, 100%) while slightly underachieved for the remaining affective-
learning objective (78%5, and (c) five minor deficiencies were ident-
ified in the gaming-materials. These findings 3u5tified m§difying

the prototyée in an a@tempt to';emove thé five defects, anq then

prooeeding_with the next tryout.

The results of Tryout 2 demonstrated that (a) although the cogni-

tive-learning criter;on-measure was not achieved (7?%), there was
subétantial increase cover Tryoutll results (54%), (b) criterion
measures were achieved for two affeqtive—learning objectives (100%,
100%) while the remeining effective-learning Objectivg was just
élightly underachieved (753), end {c) five minor defects were identi-
fied in the gaming materials. These results warranted revising the,

prototype to remove the five deficiencies, and then conducting a third,

tryout.

The results of Tryout 3 showed that the cognitive-learning

criterion-measure was achleved (85%) with substantial 1ncreése over
Tryout 2 results (73%), (b) ell affective-learning criterion measures
were achieved (1007, 10GQ%, 100%), ahd (¢) only one miner defect vas
identified in the gaming—miterials. These findings justified modlfylng
the prototype to remove the 1dontified deficiency, and then proceeding

with the next tryout.

Tryout-4 results demonstrated that (a) although administration

-
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in higher scores on that instrument. . -

e e . -

7 .73—

Fl -

of the.cognitive-learaning assessment was delayed, the cognitive-legrning
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criterion measure was achieved (B1%)-with a very slight decrease over
Tryout 3 results (85%), (b) all affective-learning criterion measures

were achieved (100%, 1007, 100%), and (c) only one minor defect was
identified in the geming-materials.
, £ ;

»

o
) Developﬁéntal-evaluation critericn-measures éugge;ted that the
éame-wauld be satisfactory when the following were echieved:
1. Cognitive }earning: Three of the four,piayers acore 80% on the
metric~knowledge test. | '
2. Affective iearning: Mean player-response of "positive" foé éq%
of the game varianbles listed for each of the following;‘
(a) enjo&ment in playing, '
(b) &gceptable introduction to the metric-system of measure-
ﬁent, and
{e) of reai-life ré}evance in relation to citizénry_playing-
‘appeal. |

3. Goming-materials-effectiveness: All identified defects are

' .

-

~removed. .

It was also the intention in'this evaluation phdée to determine the ‘ ..

- x

" number of cy63es required te achieve these criteriod measures, gnd

if delaying administration of the cognitive-learning test resulted

i

. .i\ . ‘-- -- Coe . v m - -
. The fourth tryout showed that the prototype-game would be satis-
factory after the removal of the one deect identified duriﬁg;ihat .
BT . Coy v
4 ) .o
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final trycut. This legitimized proceeding to the next phase of the
meiric-genme study in which the Iinal version of the gome was subjected

to a Tield triel. 4And, since the prototype-game proved satisfactory

when 10 cycles were included, the field triasl should include 10 game

cycles. 1In zddition, since edministration of cognitive-learning and
. : —“ .. i

then debriefing instriments during tryouts resulted in very slightly

higher metric-kmovwledge test-scores, this order of usscssment should

be meirteined in the field trial.

TENCHSTRATION EVALUATION

Problen

Demonstration evalustion subjected the final version of the

guaing-nysten to o ficld tricl to determine its periormance churacter-

1sties Jor the reel werldd, und subsequently recommended its adoption.
iy : b : . L )
This evaluution was, herefeore, designed primarily {o answer the

quesiion, Does pleying the game increase sne's metiric mowledpe? Iind,

since the game was intended to Be played by four or six players, the

secondary guestion vamg, Does the number of players wffect the angount

of cetric learni that mesults from plajThg the game? Thus, the

cognitive-Bearning hypothesec were:

Hi: FPleying the gume resulis in higher metric-kmowledge test-scorcg

EmmxmtpmyMgtm:gmm

Ho: Eﬂaying ;hc fame WithibUJ:players results in higher metrie-
kncﬁludge test-scores than playing %ith six ployers,

In addition, this evaldﬁtion wan designed to détenmine if fhe following

-

debrieTing criterion-measures were achieved:
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1. Affective iearning: Yean player-response is "positive” for sqﬁ
of the game variables listed fér each of the foliowing:
(a) enjoyment in playing, _
{t) acceptable intrcduction to the metric system of
measurement, and
(c) real-life relevance in relation to general-public
playing-aﬁpeal.

2. Geming-material effectivenegs: All identified defects are removed.

Method

Each of the 44 persons involved in demonstration

Subjects.

‘evaluation was either enrolled in & non-academic continuing-education

’

“course in Dartmouth, Nova Scotia, or wang o member of a United Church
.

Couplez' Club in Dartmouth, Hova Scotia. All subjects'were’la years

of nge or older and were previouely unacquainted with the administrator.

Frocedure. The following posttest-only control group design
was employed;
A 0y . Sy

B ) - Sy

. -
c % 53

In this design, A denotes the four-player-game treatment, B

siénifies the six-player treatment, C denotes the control or non-

player treatment, O signifies an obsérvation, and S denotes

assignment of subjects. This design was selected fér several reasons

(Tuckman, 1552, pp._106i7): .It contrecls for ‘history and maturation

by utilization of both centrol ana experimental groups. Aﬁd,

‘ v

)

h
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this design controls for simple testing effects and interaction

between testing and treatment by administering no pretest.

Por the purpose of eliminating results of subjects less than
18 years of age and of checking on random assigmment, items related
to nge end salary were added to the Cognitive-Learning Questiomnaire
Introﬁuction. (Semples of the modified introductions for'expcrimental
and controi groups are sﬁown in Appendicés 0 and P respectlvely.)
Twelve subjects (A) played 10 cycles of the geme in groups of four,
and were sdministered cognitive-learning end then debriefing assess-
ments. Twelve other subdbjects (B) played 10 cycles of the game in
groups of six, and were administered éognitive-learning and then
dobriefing assessments. And, 20 other subjecis (¢) were administered

the cognitive-learning agsessment only.

Tollewing the field trial, Cogn;tivc-Lcarning Questionnaires in
cach of the A, B, and C groups, in turn, were held face down while
(2) thoroughly shuffled, end then (v) randomly selected Irom until
making up five of A, five of B, ond 10 of C, Each of these
gelected tests was independently scored by ivwo persons, and in the
+wo capeg of dispgreement, arbitration waa employed. Scores were

recorded as the number of items answered correctly.

In arfanging the field trial, the € group yas requested to asaist
a'uqiyersity student with a otudy by completing a guestionnaire, The

A and B groups were approached with the same explanation as had been

given to the host and/or hostess of developmental-evaluation tryouts,
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vwith the two following exceptions: (a) The number of players should
be 12-24 and eppropriate for playing-groups of four and six, and

(b) the geme was to be played at the group's usuallplace of meeting.

Game-playing sesslons were .introduced by the same procedure as
in developmental-evaluation tryouts, with the exception of_omitting
the Game Population Questiomnaire. (The iatter had been employed in
developmental evgluation for the purpose of eliminating the results
of subjects who were less jhan 18 years of age and/or who had previous
Imowledge of the size og,égtéic units.) During each demonstration-
evalustion playing-sessicns, the present author sat with players t6
guide and observe the play. During and following gare-pleying, cog-

nitive-learning and debriefing assescments were administered via the

same procedure as in developmentai—evaluation tryouts.

The control subjects were administered the cognitive-learning

assessment only via the same procedure as the experimental groups.

Analysis: Both cognitive—learning and debriefing data were
ineluded in the analysis. A& number of preliminary calculations were
performed on experimen{al (4 + Bﬁ’ané on control {C) test scores.

As a check on random assignment, mean ages’and mean socio-economic
levels were calculated. Neon test scores or probable influence of
treatment on metric-knowledge learning w;re alsoo éalculatgd. And,
magnitudes of variance of test scoresegwere calculated by the formula:
5¢ = Z%-—%)-f when % (x - ¥)2 denotes the sum of squgres of each
test score from the meon test ccore, and N osymbolizes the number of

test scores (Taylor & Larter, 1972, p. 9). In addition, the spreads

i/T
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The conieni-coherence reliability-coefficiernt 2% +the final vercian
of Cognitive-learning Questionraire was caiculated by Kuder-Richardson

21 procedure, that had elso been emplcyed for the Iirst version of

he questionnaire, and which applied the formula: oy = ___:__[;1 -
= n -1
( - Y) 7 n this formula n denotes the mumber oI itenn, X

1nd*cates thﬁ 2ean test secre over all subjects; and .5,“ derotes the

variance or the cquare of the sum of deviations from the mean Zor ail

[

gublects, divided by ithe number of subjects (Mehrers & Lehmann, 19773,
p. 113; Huntley, 1976). This procedure w2s sclected because each

guestionnnire item wag gcored +1 or O, on}y one trpe of item was used
end 1t evoided the problem of how to split the fest (Mlarsiinll & Hales,

1972, pp. 106-7; Tuckman, 1%72, ». 139). Thin rrocedure wu= alng

chosen becauue the test was untized (Tuckmun, 1970, . 139).

In addition, the mulitiple comparicen proccd”"e 2f Tcheffi wag

caployed to test cthe significant difference between nmean, cognitivc—

learming test-scores for (A + B) and C, A and €, B and C, and A and 3.

[.. \‘,
il - a2 )
~ ,/

u,, /n] + oy /n:?

)

Tnis calculation exployed the formulm: F

[—

Fergusen, 1971, pp. 269-271). In this formule: X symbol;:és the mean

teat scores in the group, and Sw~ denotes the sitiin- -group voariance.

p

The latter was calculated by adding together the sums of squares about

] 0 R

+the k rmeens 2rd then- dividing by the total nunber ol degrees of free-
[

dom: N - k, when XN denotcs the. number ¢f teut scords in all groups

znd k indicates the huiPer of groups {Perguson, 1971, p. 213). The

procedure of Scheffé {p-(.lO) wmgs selected ‘becalise of its compronice

! '
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between controlling for Type 1 érror—-of finding a difference between
means when there is no difference, and for Type 11l errcr—of not
finding a difference vhen & difference does exist (Ferguson, 1971,
Pp. 271-275). Anc as recommended ﬂy Scheffé, the 0.10 (rather than
0.05) level of significance was chosen because, "the Scheffé procedure

is more rigorous ‘than other procedures" (Ferguson, 1971, p. 271).

Debriefing dats wns analyzed by the same procedure as in develop-

zental evaluation.

Regults

Cne cognitive-learning test was eliminated from the B group be-
caupge of & participant's refusal to complete it. This action resulted
from the participant's annoyance with having agreed "tolplay the game
in a socizl context .to help identify its strengths and wealmesses,
and then being expected to take a test to determine if we had learned
the metric centent". Howéver, other participants ignored this behavior,
and readily completed their copies of the test. (It was alsc observed
that, prior to the distribution of said tesf copiés, the participant-

in—question appeared to be thecroughly enjoying the gaome.)

~
-

One Cognitive-Learning qustionnaire was alpo eliminated from the
. } .
C group becauge the subject was less than 18 yeors of age. Thus,
random selection was from 12 A, 11 B and 19 C.cognitive—learning tests.
The meen ages in years for (A + B) and C were 36 and 31 respect-

~

ively, while the mean coclo-economic levels in thousands of dollars

were 13 and 11 respectively, which together chow that the subjects
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were resndomly assigned. The mean cognitive-learning test-scores for
(A + B) end C were 22.3 and 14.1 respectively, indicating thét the
influence of game-playing treatment on met;i;-knowledge test-scores
was probably substantiel. The variances for the same groups were
6.46 and 43.43 respectively, which shows that the game-playing treat-
ment clearly exerted a substantial decrease oi variance in metric-
knowledge test-scores. The standard deviations Tor the sameé groups
were 2.54 and 6.59 respectively, indicating that game-playing treat-
ment resulted in less dispersed cognitive-learning test-scores than

non-geme playing treatment.

.

The Kuder-Richardson él procedure produced a content-coherence
'reliability-coefficient of 0.99, indicating that 99% of the total
cognitive-learning test-scores is associated with one cluster of ’
metric skills end Jmowledge, and that the rd@ainder (17) is unreleted.
(For this calculation sce Appendix Q.) And, since the acceptable
level for group decisions is 0,65 (Mehrens & Lehmaﬁn, 1973), the
c%lculated coefficient shows that the final version of the Cognitive-
Learning Questionnaire should be employed with confidence that it is

o conaistent measure.

The recults of the multiple-comparison Scheffé procedure (p > .10;

i.e,, the probability 1s less than 10 out of 100 thot the difference
io due to chance) are chovn in the following table, (For calculations

cee Appendix R.)-
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Table 11:
¥ultiple Comparison Results
' 1 a2
Comparison [ibd P P _— P=F
: 5.96
(A +3),cC 2/ 17 10.97 . 5.28 *
“YES
A, C 2/.17 7.76 5.28 2.48
~ *
1 YES
© 4,88
B, C 2/ 11 10.16 5.28 : *
YES
B, A 2/ 17 1.88 5.28 jifol

than the control group (F > F

* f1s0 significant at .05 level, when F' = 7.18.

NA = 5
NB = 5 y
NC = lO .

These multiple-comparison results show that the total experimental

group achieved very significantly higher cdgnitive—learning test-scores

! = 5.96). The results also chow that,

of the tio experimental groups, four-player and six-player, the mean

cognitive-learning test-score of the latter wos slightly more cignif.-

icant than the former orcr the control ‘group (F:> F1 = 4.88 & 2.48

respectively); The other finding wag that the two experimental groups
were cqually related to the significance of cognitive-learning test-

acores (¥ not significant at 1.88).



PooR PRIAT

82

Table 15:

Feedback and Modifications for Field Trial

Faedback

Modifications

C.

The winning score was

gained and partners changed

too frequently after only
one hand of play in the
six-player game,

Type of metric data on
cards a bit too amall to

permit ready and rapid play.

Type of metric data on
Ranking Chart a bit too
small to permit ready and
rapid play.

The concept of gram would
be more readily underatood
via an example of a
comzonly handled object.

The concept of milligram
would be more readily
understood via an example
of a commonly handled
object.

In instructions change
winning score of six-
player-game to 110,

Enlarge type of metric
data on cards,

Enlarge type of metric
data on Ranking Chart. -

Substitute the example
"house key" on card,
Ranikdng Chart, and
Cognitive Questionnaire #
10 & 11,

Substitute the example
"snow flake" oh card,
Ranking Chart, and
Cognitive Questionnaire #

"10 & 11 and 14.
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The debriefing-ascessment results are shovm in the Tollowing

table:
Table 13
Debriefing Results
Affective-learning objectives Geming-coterials
efTectiveness
Enjoyment Introduction Real-life Feedbapk
in pleying to metric via relevence deficiencies
this gome
10073 1003 S 10043 5

These results show that all effective-learning objectives were
achieved to the 100% level and that gaming-materisls contained Tive
minor defects. Data analysis of affective-lea;;ing objectives ig

shovm in Appendix S, The feedback defects and goming-materials re-

vizions are shown in the Teble 15,

Discussion and Recompendations ’

The primary hypothesis predicted that playing the game would
yield higher metric-lmowledge tesp—scoreﬁ than not Pleying “the game,

vhile the secondary hypothesis predicted that pPlaying with four players

would result in higher metric—knowledge test-scores than Playing with
slx players. The Tindings show that the game-playing condition
yielded significantly higher metric-knowledge test-scoreo than the

nen-genme-playing condition, thus supporting the primary hypothesis.

The surprising findings were that, although playing in- groups of gix
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produced slightly-higher, significent, metric-lmowledge test-scores
over the ndn;playing condition than did blaying in groups of four,
there was no significant difference in mean metric-knowledge-test

scores for these two groups. Thus, the sccondary hypothesis does

not hold true for playing with four players to result in higher

metric-kmowledge test-scores than pleying with six playefs.

The affective-learning criterion measures predicted a mean

player-response of "positive" for 80% of the game variables listed
for each of: (&) enjoyment in playing, (b) acceptable introduction
to the metric system of measurement, and (¢} real-life relevance in

relation to genercl-public playing-appeal. The debriefing results

show that esch of these criterion measures was achiceved. The gaming-

materials criterion—measure,‘ vhich predicted that all identified

defects be removed, was not achieved since additional minor feedback-

deficiencies were identified.

1t follows from the acceptance of the primary hypotheais, the
achievement of the affective-lenrning objectives, and the identific-
ation of oqu QEEEE gaming-materials defects that the metric geming-
gysten vas feasible. There was, therefore, juutification for identify-
ing the geme as an enjoyable activity for facilitating adults' volun-
tury conversion -to the metric systed of meapurement, end for consider—
ing'its potential distribution to adults. Howe‘?r, 1% view of the
rejection of the secondary hypothesis and the non-gchiovement of the
gening-nsterials cbjective, there is alsc justification for the

following constraints: Gaming-materials should first bé“re&iped to

remove ldentified deficiencies. The game should be recommended for
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both four-player groups and six-player groups.

Further Research

1

Three a priori considerations are necessary to contemplatihg
N

further research of the metric game: (a) A moral problem remsins

unresolved: -This concerns the conflict arising from the admihistra-

tion of the metric-lmowledge test.to subjecis who agreed to participate .
. . ¥ [ 4

in a sceiel card-geme' event for the purpose of identifying strengths

and wealknesses in e newly_designed game. (b) Although the Debriefing
Questionnaire contained valid items and required minimum time +o
score, it was relatively itime-consuming to administer and was the

second paper-snd-pencil instrument administered in the brief post-

—

‘game-playing evaluation~éession, thus éppearinglto reduce the smooth-

ness of that sgg;;on. This instrument's items might, therefore, be in-
corporated in the Discussion Guide. --In which case, a list of select-
ed Diﬁcussion—Guida items should be employed to introduceithe game -
playing session. (c) Although feedback from & number of biacussion—
Guide items were naturally observed during game-ilaying, all items or
item-substitutes ought tg be mbintained in order to ensure cons£ant

and complete évaluntion content.

A number of logical extensione follow from :513 metric—gaﬁe study:
icated by a research
team which is more impartial then the present author who was the

originetor, designer, producer, and evaluator 'of this study. Further

_testing might determine if the time required to learn to play the

metric game 1s decreased by explaining, carly in the plﬁying—iné&ructian,
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that the game is:similar to Foiﬁz—Five., It might also be determined if

the'number of cycles required to achieve the eriteérion measures is
reduced by making the cards more éttractive, such as (a) by color-
coding the typed data on the playing cards and Ranklng Chart, and/or

(b) 2dding double—hea&ed, colour—coded fllustrations of the data on

;

Further research might establish this game]a pqtentiai for

incorporation in metric-course end/or workshop introductions,--in

]

which'case, additional metric units and their corresponding symbols
and examples.could be readily corporated for scientific populations.

The content of the mptric game's Ranking Chart might be built into

other instructional activities for voluntary 1edfnera; such as radib
and'television programs. And, the Cognitive-Learning Questionnawre

might be employed in testing other instructional metric-activitie f

)
since,it,proved herein tc be a very consistent measure of metric

leaMiﬁg_.
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Conclusions

-

* "his study concerned the generation of a process wmodel for the
production of instructional geming-cystems, and ifts application in

the production of an instructional activity for facilitating veluntary

-conversion of ndults to the metric system of measurement, The assump-

tion underlying the generation of the process model in conjunction
vwith i+ts appliention wes that this combination would enhance the

ceffeectivenenss of both the model and the instructional activity.

An ingtructional game's effectiveness is due primerily to its
' .
potivational irmpocet on players (Ganson, 1975), so that learning occurs

oo by-preduct of the gaming activity, and need not be a goal ot nll

{Colennn, 1973). However, as pointed cut by Duke (1975), "At the

present stuge of developmment in the field of gaming, most if not all

games represent 'happenings' rather than' the products of delibergte
desirn process (p. 101). The technclogipgs of instructional design
and formntive evaluation are, in fact, currently in a state of meto-
morphénin. Nuserous educntionzl studies are contributing-to the
evofution of these technologies. The intention herein was, therefore,
to upeed up these evolutions and to improve the quality of instruction
by :ynthesizing steps and guidelines, which current educctional

t
literature report to. be effectivg in instructional design ond formative

eval':tion, so s to' generate a process model for the production of

instxw?tional rrzing-gystens.,

The pgenerated paradigm consists of four phases: prototype-design,
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ingiramentation, developmmental-evaluation, dﬂd demonstraéion—evaluation.
Thke protetype-design phase creates the first versién of the.ga:e to
zeet specific inctructional needs. The 1nstfumentatibn phase obtains
arnd/or designs und validates instruments for neasuring the effective-
ness of the gaming-systen. Developmental evaluétion runs a series 6f
tryouts to determine how the prototype-gome sﬁould be improved, and
subsequently nodifies or discards the protétype. Demonstration
evalualion subjects the final version .of the game tn field triel{s)
to determine it$_effectiveness in ﬁeéting the real-world neede for

which it was designed.

This génerated.process-model was.e§ployed in the production of
an activity which could be participated‘in for enjoyment, &nd, at
the some time, would introduce the players to common metric concepts.
The mctrié game was intended for adults who are not included in
captive popu13t10n5 for selhiool clesses or job retraining, and are
thercfgretyerz difficult to reach with peyric-education programs. The
demonstration-e%aldation phase showed that the game wus enjoynble £o
plﬁy, ard that playing it resulted in higher metric-lnowledge test—
scofes_than not playing it. Alter being ‘ntroduced to metric concepto
via this gome, individuals could then';rocced independently to use
metriﬁ aids, such as converters, which have become readily and inexpens-
ively ovailnbly. The gome wus intended to be dizseminnted to the
citizenry Ey governzent and/or a commercial game-conpeny. Ultimntely,
this gume would make industrisl training tasks easier,_reduce the
burden upon individual concerns, and be an effective way to transfor

vome of the coects of metric conversion from the private to the publie

sector,
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Cost-Effectiveness Analysisd

Program description, The instructional activity produced by

application of the process model was a card game for which each playing
card displayed a metri;-unit name, or metric-unit sycbol, or metric-
measurement eiample. The ga;e was played by four or six participants
who grouped, matched, and rank-ordersd the playing-card data., It
required five to ten minutes to cycle, an¢ readily lent itself to
multiple—recyclings infoné setting. The burpose.of this c&st:effectide~
ness analysis was to detgrm;ne if the gaﬁe should be offerad tc an

agency for disSemination to the target population, 7

-

In formative evaluation of the metric game, the terminal ok jectives
fécused_on gaming—matqrials effecti&eness, and the attitude, skill,
interest, arnd committment of players: These were included under the’
heaqings: gaming-materials effectiveness, affective learning, and

copnitive learning. The terminal Baming-materials objective was that

all identified defects be removed; l.e., the game stanus alone without

the assistance of the administrator. The terminal iffectiveFlearning ’

objectives were that the player-rating be "positive'" for 80% of the game
variables listed for each of the following: (a) enjoyable to play, {(b)

acceptable introduction to metric system of measurement, (c) or real-

.

1 Cost-effectiveness is not to be confused with cost-benefits which
i3 an analysis of the cost and the resulting mapetary benefits of
educational program(s) or program component(s). Cost-effective-
ness analysis provides a conceptual framework for analysing the
cost and -effectiveness of educational program(s) or program
component(s), and includes (a) cost of achieving program object.
ives, (b) over-all effectiveness of the program in achieving its
objectives, and (c) program effectiveness with subgroups of
learnera. (For further discussion, see R.H. Forbes, 1974.)

¢
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clatian %o pereral-public . ployving-appeal., The

ive-learnin~ cbieetive for *hc _tryouts was that the

player :chievé oy, cor"ecb w55 on a Copnitive-Le Learning Questionnaire
vihich reguired grouning ﬁ“d zatching of unit-names, symbols and éxanplé;
of (1) Celsius temperstures: -30°%, 0%, 20%, #7°, 100°, 175°, (2)

volime or capacity: millilitre, litre; (3) length: milliﬁetre,
centinmetre, metre, kilometre; and (4) massior weight: milligrom, gram,

kilogrom, ternne. The major hypothesis for the field 4rizl was that

Playing the gome result in higher, netrie-knowledne test scores than

not playing the gnae.

In formative evaluaticn, +the metrnlc gaze was subjected to four.
tryouts and one Tield +trigl. In each tryout four adults pleyed the
prototype-gome in 2 private home. After each tryout, modificatiqns
vere nade to the goming-system in relation *o thé prototype-blueprint.
The posttest r?sults for the fourth (final) tryout showed that the
%crmiﬁél affective-leaming and cognitive- ~leerning objcctive“ were
achieved by 10 cycles af the game, and that the gaming—mnterlalq'
objective would be achieved after revision to remove the one minor

'deficiency that vias identified.

" The field trial subjected the finnl version of the game %o an
evaluation via a posttest-only control-group design. The forty-four
subjeets were adults enrolled in continuing-edueation, non-academié
courses or meﬁb?rs of church couples'-clubs., Ten of %hdsc subjecta -
vere randonly assigned f;om each of the geme-playing and <he non-

game-playing conditions. The evaluation results showed that the game-

playing condition rC’ul ed in significantly higher metric-knowledge

K~ -
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tqst-scorea>thah the non-game-playing condifion. The findingé also

indicated that the affective-learning»objectiﬁes wére achieved, and

- : - Lk : ) - .
that & few minor revisions were required to the gaming-materials, -

The only activiﬁies necessary to implama1t-and operate the metric
Zamir.g-program are advertising the game to citiien%y,_providiné packag-
ed-copies of the game, and dissem;nating these copies to citizenry.
Thus, the personnel required are those involved in advertising, pacgag—
ing, copying, and disseminating. : )

With ihe exception of paper and pencil for scoring, the game
package includes complete materials and playing‘instructions. And,
although the playing instructions included the constﬁﬁint of only four
g;/éix players, with additional game-coples it is possible for many
players to pgrﬁicipaté at the same time; sdch as in card socials. Lo

location constraints were included with the game.

Target population. The target population was non-captive adults
\"\ i
(--persons 18 years of age bnd older--) who had not received metric

‘education via schools and/or Yob retraining. However, as each format-

ive-svaluation group suggeetéd, the geme appeared appropriate for

teenagers as well as adults,

Criterion meajﬁres.' e criterion measures employed in formative

evaluation of t matric/game included cognitive-learning, affective-
learning, and gZ;éﬂgfﬁgterials effectiveness., The cognitive-learning
criterion-measures for developmental evaluation was that three out of
four players score 80% on the metric-knowledge test. The major cognit-

ive-learning criterion-measure for demonstration evaluation, which

1
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in the form of an hypothesis, was that piaying the game
results in Yigher, metric-knowledige test-scores than not playing the
gene. The Cpgn;tive-Learnin@ Nuestionnaire was employed to assess ’
metrig—knowledge deerning in both developmenial and demﬁnstration
evalua%iogs. The content validity of this'instrﬁment was assured

by & design;%lueprint which dictated one item for each of.26 {of the
27) metric concepts that hod been built into the game. ‘This question-

nzire was a consistent metric-knowledge measurement-instrument with

a content_coherence reliability coefficient of 0.99.

.

The crifgrion measures for affec;ive-learning and gaming-materials
»effect}vcneés remained unchanged throughout formative evaluation.
“The cogniﬁ}ve—learning criterion-measurcs wefe that the mean player-
‘ra;;ng bel”po;ifive" for 8C% of the game variables listed for each

of the‘folléwing: (2) enjoyable to plﬁy, (b) an acceptable intro-
duction to t\e metric system of meagurement, aﬁd (c) of real-life
rclevance’:;n>hlation to generul-public plajing appesl. The gamin%—
materials-effectiveness critefion-mea;preiwau that all iddntified
défects be removed. The instruments employed to measure both affect-
jve-learning oand gaming- materinls effectiveness included a game-
_playing observation, a questionnaire, a discussion guide, and a

metric-converter display.

Costa. Zxclusive of the sualary of the educational technologist,
the cost of the generation of the process model and its applicetion
in the prbduction of the metric gaming—sys?eu wa331198.ﬁ4. Therefore,
the only capitel costs involved for the purghasing agency are said e

_cum ond & reasonable return for the educational technologist's time.

e
f .

/] :'T.
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Tn view of the facts that'(ﬁ) the game materials were made
exclusively of printed matter o ensure simple and inexpénsive.
production and copying, and (b)-the current sales of games are very
high; it would appear that the capital cost, together with royalties,
and‘opgrational costa of advertising, copying end packaging, and
dissenination would notronly be offset by the,pfice faid by ¢on§umers,
but woﬁld aléo pernit considgrable profit.‘ Thds, it would appear

that only a small short-term investment is required by the purchasing

\

Decision. The conclugion of this cost-effectiveness analysis

égency.

is that the netric game should be made available to the MNetric

Commi;;on, the-Department of Consumer and Corporate Affairs, Provincial

/

Recreation Departments, and/or‘a'commercial gnme compeny.

Implications for Educational Technology ‘

¥ith the current educational emphnsie on effectiveness and
effieiency, accountability, and finaneial restraint, new problems
are energing in educational research and design activities., As result,
there is increased.need for cducational techpoloky with its emphasis
on instructional siills and the systemﬁtic mefhod of designing and
evalupting materials. Thus, the significance of the pregent study
goes far Eeyond the process model ;nd wetric game that were prdﬁuced.
For the present study, the process model served to gummarize -the
phases invelved end pointed to the factots which enteﬁ;d into decisions
that e#entuaily beceme part of the metric gaming-~system, Thié procegss

nmodel cen also be used as guidelines that, hopefully, will assist



&

PooR PRINT

G4

.

cthers in evoiding problems typically encountered in instructional-

gaze design.

The paradigm is, however, internded a5 an evolving bne. Its
acc;raéI must be determined by further research which identifies the
steps and arcas that require modification and/or elaboration. The
process model can, thus, serve os a catalyst to facilitate evolution,
of the technologies of instructional-game désign and format;ve evalu.
ation, Yor ;xample, furthe; gui@elines that should be incorporated
into the paradigm are suggested in the excellent a.rti.cle by Nevo (1977)
vhich the present puthor discovered_during the writing_of this report.
These sugg?stions include: ’

1. Instructional design should take place within cadres of highly-
trained Specialists-—dcsigncrs, developers, evaluators, etc!

2. A panel of experts, whosc opinions rcgérding the ganing-system
are not yet knovn, should inspect the prototype prior to runﬁing

tryouts, n

A

A check-1list focusing on the quality of the gaming—materiéls
chould be prepared fqr experts recycling the prototype and the

final version of the geming-syotem:

45 the dexmand intensifies for mere cunefuliplanning of educational
cxpcrienccs'ggg for non-traditional. inntruction, educational technology
will make an imﬁact on educational inntitutions and on many in the
populeticy in Ccncrgi. The resulto will be evident—-en increaced
quentity of woluntary leerners and an improved quality of learning

expeériences, .
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Appendix A
Sample Cards
v
SN
> Gd‘:-%{o
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A 5 ' 5 0
_pi?o 2 0& {%‘5
i o “s
_// '
i
|
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i
|
\' %’?o% 0\-,0
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@ e&xé.&
o R e '

. N ] B -

Note -- S“.Ssymbolizes SETS » SUITS, the name of the metric game.

A Y
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. Appendix B
Ranking Chart
Exemple Unit Symbol

Moderate oven 175* Celsius ’
Boiling point of water ‘ 100°® Celsius i
lormal body temperaturs 37 Celsius C :

]

i
lormal room temperature 20* Celsius .'
Freezing point of water 0* Celsius
Battar-;_v trouble temperature -30°* Celsius
3 large coffee cupsful One litre A
20 reindrops One millilitre |, ml
Distance of 10-minute walk One kilometre km
'Height of & kitchen counter One metre o
Thickness of a pencil One centimetre cm
Thicknosu of n stick of gum One millimetre om

-y

Weight of a compact car One tonne t
Wolght of a full round steak One kilogram kg
Welght of an unadorned ring One gram g
Welght of a fly's wing - One milldgram mg

. (c) Nettie Mae Campb_ell, 1977.
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Appendix C
Tabtle 2.
Guide for Discarding Cognitive-Learning Questionnaire Items
Content Recognition- Original No, of Final
. Skill Items Test Items Test Items
Temperature: -30° Celsius .9, 12 1
0°® Celsius 1, 11 1
20° Celsius 2, 4 1
37° Celsius 8, 10 1
100° Celsius 3, 5 1
175° Celsius 6, 7 1
2
&.0 Voelume or
g capacity: millilitre 39, 52 1
3
‘ litre L4, L8 1
~.
A1 Length: . millimetre 32, 35 1
£ centimetre L1, 45 1
o metre 47, 51 1
0 kilometre 43, 49 1
+2
Q ‘.
= | Weight or milligram 33, 50 1
mass: gram 36, 38 1
kilegram 34, 42, 46 1
tonne 37, 4O - 1
Temperature: C 29, 30, 61 1
1 Volume or .
51 capacity: ml 24, 26, 506 1
o ¥ 14, 17, 58 1
i
L. )
% | Length: mm 22, 25, 62 1
- o 31, 63 1
~~ 'm 13, 16, &0 1
§ km 18, 19, 53 1
UE)‘ Weight or mg 23, 57 1
mass: 2 20, 21, 59 1
kg .27; 28, 54 1
t - 15, 55 1
Total 27, 63 27

r~
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Table 3:
Iter Andlysis for Preliminary Guesticnnaire .
Analysis Analysis
Item ([Upper t Lower D v Item | Upper | Lower D v
1 15 14 {0.96 {0.06 22 15 B [ 0.77| Cak?
2 15 | 1 jo.s6 |0.277|| 23 15 | |o.97| oo
3 14 8 0.76 |0.41 [ 24 "15 2 0.57| 0.87
4 15 12 |0.90-{0.20 || 25 15 5 | 0.70| 0.68
5 15 8 [0.77 |0.u7 || 26 15 L |o.63] 0.73
& 11 7 |0.60 |0:27 || 27 15 L |o.63] 0.73
7 | 12 & 10.67 [0.27 .|| 28 33 L Jo.s7| 00
8 13 7 0.71 o.ajr 29 15 | 1 0.86| 0.27
9 11 11 |0.73 |0.00 || 30 15 10 | 0.83] 0.33
10 15 8  |0.77 {047 || 31 | 15 ‘15b 1.00| 0,00
11 15 12 0,90 [0.20 |} 32 12 by onsﬁ 0.53
12 13 9 10.73 [0.27 || 33 13 9 |0.73] 0.27
13 15 3 C. 60 [0.53 34 14 5 0.63| 0.60
14 12 0 |0.40 |0.80 || 35 11 3 |0.L7| 0.53
15 wo| 13 |osofoor {136 | :l 2 |0.33] 0.0
16 | 15 s |o.67 jo.67 || 37 W | 12 [0.87| 0.13
17 15 2. lo.s7 |o.er || 38 8 5 |o.43| 0.20
‘18 15 1 lo.53 [o.93 || 29 10 5 |0.50] 0,33
19 W | 3 {0.57 [0.73 || 4O 13 14 10.90|-0.07
20 6 3 0.30 {0.20 || 41 1 9 0.69] 0.14
21 7 10,27 (0,40 || 42 1 6 |0.57] 0.33
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Item Mysis for Preliminary Questicnnaire

Analysis Analysis’

Item | Upper .Lowar 2*/ 4_ﬁ!\7— Ttem | Upper | lower| D ,,,,Xﬂ_,
43 15 12 | 0.90 | 0.20)| 5& 15-| 14 | 1.00 | 0.07
Lk, 12 9 | 0.70 | 0.20{ 55 b 1| c.2n | 0.3n
L5 1 7 | 0.50 | 0.27 56 15 L] 0.66 | 0.73
Lé 14 5 | 0.63 | 0.60 57 1k & | 0.69 olsi
L7 1t 6 |00 0.60|| 58 1, s | 066 | 0.62
L8 12 9 | 0.70 | 0.20|| 59 12 | 8 0.69 | 0.28
L9 15 9 | 0.80 | 0.40 60 15 10 | 0.86 | 0.34
50 12 6 | 0.62 | 0.41 61 1L 12 | 0.90 {" 0.1k
51 15 7 [ 0.73 | 0.53 62 15 10.|. 0,86 | 0.34
52 12| & |55 | o.ssl| 63 s 9 | .79 | 0.34
53 15 g8 | .79 |.0.48

Hote -- D: Index of difficulty. This expresses the portion of
examineces who answer the item correctly. The larger the
portion getting the item correct, the easier the item.
Calculated: No. of examinees answering itecm correctly

Total no. of cxaminees attempting item
Mehrens & Lenmann, 1973, P.328).

V. Index of discrimination. This axpresses the validity
of the item; i.e., the ability of the item to discrimin-
ate between bettef and poorer items. Cilqulatcd:
lo. of Upper answering item correctly - No. of Lower
answering item correctly

. % of total no. of examinces
(Mehrens & Lehmann, l973,'p.329)°
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Appendix B
Cognitive-Learning Questionnaire Introduction
The purpose of. t.his questionnaire is to determine how .

effeetive the game is. Since it is the game, and not you, t.hat

- 1s being evaluated, your name is not required. Your answers

will be seen by no_one but the administrator and will be used
only for the purpose of improving the ga.me. Your score will

be the number of questions\ answered cortl‘ect.la.(. Try to answer
each q-ue‘;\_t.ion and to make your score/fe.a high as -possible, There
is ng penalfy'for guessing. You may change answers by erasing.

You will have ample time to complete the questionnaire.

DO HOT look at the questionnaire until asked to do so.

’
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Appendix F
Cognitive-Learning uestionnaire Introduction

The purpose of this questionnaire is to determine how
effective each question is, Since it is the questionnaire,
and‘th you, that‘is being'evaluatgd, your name 1s not required.
Your  answers will be seen by no_one but the administrator and
will ‘used only for the purpose of improving the questionnairs.
Your _séore will be the number of questions answered correctly.
Try tgranEWer each question and to m;ke your score as high as
possible. There is no penalty for guessing, You may éhange
answers by erasing. Yod will have‘ample:time to complete the

questionnaire.

DO LOT look at the questionnaire until asked to do so.
AN !
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Cognitive-Learning Questionnaire

Section 1
Instructions:
Under Column A are listed metric readings.

Uﬁder Column B are listed éxamples of measurement,
Plogse write the letter

of the appropriate answer from Column B on the blank beside each

Column A entry. Remember that each Column B
only once in each group of guestions.
Example:

-~

Questdons 1 - A4:
Column A
1. ‘ﬁ:; % hour A.
2. _,E-_ 1 hour g
3. Fx $ hour g:
b 2 nours L "

There are 26 questions in all.

Do you have any questions about what you are

answer may be used

Column B

15 milutes
100 minutes
30 minutes
45 minutes
60 minutes
None of these

being asked tc do or

how you are to %o it?
Questions 1 - 3:
Column A Column b
1, Normal body temperature A. 20° “elsius
. B. 0° Celsius
2. ___ Freezing point of water C. -30° Celsius
D. MNone of these
3. ___ Battery trouble temperature '

Question 4:

Column A Column B .
v .
Le 20¢ Celsius A. Freezing point of water
B. lNormal body temperatur
C. Moderate oven 3
D. Yormol room temperature

E. None of these

s L |} . . .
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Question 5:
Column A . -Column B
50, __ boiling point of water Ae 175° Celsius
B, 100° Celsius
C. 37° Celsius
D. 20° Celalus
. E. Hone of these
Vuesticn 6
Column A Column B N
6. ____ 175* Celsius A, Boiling yoint of water
B. ilormal body temperature
C. Freezing point of water
D, Nome of these
Questions 7 - 9.
Column A Column B
7. ___ Thickness of a pencil A, One metre
B. One litre
B. __ Weight of a full round steak C. One kilogram
D. One millilitre
9. ___ Height of a kitchen counter E. O(ne centimetre
F. Ore kilometire
G, Mone of these
L4 ] ° o ® L] o

Questions 10 and 11:

Column A
10, __ One milligram
1. ___ One millilitre

Column B

20 raindrops

Height of a kitchen counter
3 large coffee cupsful
Thickness of a stick of gum
Weight of a fly's wing
Woight of an unaderned ring

None of these
P

. C)‘!JB‘-FJOUU>



PoorR PRIAT

NS

uestions 12 and 13:

.Column A Column B
12, __ 3 large coffee cupsful A. One metre
E. One litre
13. __ Distance of a l0-minute walk C. One millilitre
D. One, centimetre
E. One kilometre
F, DNone of these
L] '] [-] . . ) . o
Question 14: . )
Column A Colurm E
1h. One gram Ao Welpht of & compact car
b. Thickness of a stick of gum
C. Weight of a fly's wing
D. 3 large coffee cupsful
E. ione of these
gudgtion 15:
Column A Column B
15. Thickness of a stick of gum A, One milligram
B, One litre

C. One kilogram

D. One millimetre
E. One centimetre
F. MNone of these™

* L ° * L -

Questions 16 and 17:

- Column A Column B

6. ___C centimetre
kilomile ;
Celsius
kilogram

Hlone of these
lone of these

e L] ° L - *

7. kg

'TJL"J.CJOUT>
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Quesation 18:
Column A

18. tonne

Questions 19 and 20:

Column A .
19, _  mlm
20, ____ml

1 Question 21:

< Golumn A

21, __ milligrem

Questions 22 and 23:
Column A
22, _ lantr

23. ____ &

OmMHoOW

+

A,
B.
C.
D.
E.
F.

Poor PR/AT !

Column B . ,

*

tnn
kr
kg
km
kim
tn
None of these

Column B

millilitre
milligram
millimile
millimetre

MNone
None

of these
of these

Column B

A.
B,
C.
D-
E.
F.
G

/

ir .
g
mg
mm
ml

mgm
mltr

None of these

. . .

Column B

Klomile
illometre

Kiogram

b
No

am
ne of these
ne of these

105
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Question 2b4:
Column A Column B
24 ___ centimetre A, ctr ! .
B. ‘CB r
c.
D.
E. e
F, or
- G’l mxn N v
H. None of ihese :
Questiops 25 and 26: .
Column A Column B o
25. __ mtr " A, litre
B. 1likiton
260 __ £ C. metre
D. tonne
E. None of these .
F. None of thesa /

Now that you have completed the guestionnaire, you may wish to check

Your answers, thL\n‘ place the questionnaire face-down on the table or
desk.

- THANK YOUl
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Teble 4:
K-Ry, for Preliminary Questionnaire
Variance| Unit | Variance Unit
Subject — — Supject — —
@ -%) tx - %2 x-0 -9
63| =20 400 16 42 -1 1
2 6 | 17 289 17 L2 T |
3 59 | 16 256 18 |38 -5 25
o 58 | 15 225 19 | 36| -7 49
5 56 | 13 169 20 36| -7 49
6 56 13 169 21 35 -8 bl
7 56 | 13 169 22 |34 -9 8L
8 56 | 13 169 23 32 | -11 121
9 561 13 169 24 31| -12 | 1k
10 561 13 | 169 25 .7 30 -13 169
1 52 g 8L 26 -28 -15 225
12 51 8 e 27 26 | -17- 289
13 51 8 | & 28 20 -23 529
14 sl 8 | -6 29 [a1s| -28 | veu
15 517 8 &L 30 13 -30 900
z\bt,e'——

When z’X = 1290, £(X - X)?

5952,  Wnen X = 1290/30 = 43, n = 63; then
N = 30, thén 5= 5952430

198.4 _
ry.p= 3 [_LB (68 - 43)

non

63 - 1 63 (198.4)
= .95
This means that 95% of the total variance is associated with true scores
on the test, and that 54 of th% test variance is the result of error
(Marshall & Hales, 1972, p. 108).
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~ Appendix J:

Debriefing Questionﬁaire
The purpose of this questionnaire 18 to detEfmine how the game
should be improved, sc please try to answer each question. You
will have ample tims to answer every guestion. Answers may be
changed by erasing. Your name s not required. :

Ingtructions: .
For each question, mark an X on the alternative that
best represents your answer. '
Exemple:
To what extent did you learn the size of metric measures
while playing this gamel
A ' TN D E
Not at all Somewhat Ho%yfk@cly Considerably Very
‘- . : conasiderably

1. Prier to playing this game, what was youf opinion of the
metric system? :

A . B G D E
Highly Somewhat Mixed Somewhat Highly
unfavorable - unfavorable reactiop - favorable favorable

2. Ta what extent did you play the game for fun?

A . B G D ‘ B
Not at all Somewhat  Moderately Considerably Very
A considerably

3, To what extent did you play to win?

A B : c D E
Not at all Somewhat Moderately Considerably Very
- _considerably

Lo To what extent did you enjoy blaying the game?

A . B C Db E
Mot at all Somewhat Moderately Considerably Very
. \ considerably
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5i If you were just starting to play this game, how many cycles
could you enjoy playing in one *setting?
, [ ‘
4 or laess 5 or b 7 or B 9 or 10 11 or more

6, . How ﬁrepa(ad are you now to function in a metric world?

A B C D %
Not at all Slightly Moderately. Considerably Totally

7. Wnat is your opinion of the metric system now?

A ' B c D E
Highly Somewhat Mixed Somewhat Highly
unfavorable unfavorable reaction favorable favorable

1

8. How many game cycles should you play to learn the size of
metric measures?

A . B c D . E
L or less 5 or b Tor8 9 or 10 11 or more

.
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Appendix K:
Discussion Cuide

purpose -of this discussion is to identify strengths and

vweaknesses in the game.

1..
2.
3.
L.

5.

6(a).
7(a).
- 8(a).
9(a).

10.

1.

12.

What 1s your opinion of ‘t.hia game?
Wnat mhde you feel good while playing the game?
What made you feel uneasy during the game-playing?

What do you recall as the most significant thing that happened
during the game-playing? .

What relationships did. you see 1in the ini‘ormation on the
playing cards?

How complete were the playing instructions? (b) Explain.

Were the playing cards satisfactory? (b) Ex;i&in

Is the scoring system satisfactory? (b) Explain.
To whom would you recommend this as en enjoyable game.?

To whom would you recommend this' game as an int.roducticn to
the metric system?

What would you like to point out that hes not already been
mentioned? .

' Should the Ranking Chart be. chenged in sny way? (b) Explain.
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Appendix L:
Table 5: Debriefing Dgta-4Analysis Blueprint
‘ iffective Ubjectives -\
3 ) __
& Gaming-materials|) Enjoyment | Intreduction ‘ Regl-life
S | effectiveness ®in playing | to metric via | relevance
3 i this game
‘ v
m [
4 283 17 2 &3
g L 5& 8
oo -
w -~ 6
o] ._'5
3 ,~. |
. < -
. 1 1 1 1
c 6 2 &3 2 &3 2 & 3
&
o 7 A 4 L
A
i 8 10 5 10
7 R -
2 g 12 11 11
o
a
12 12 12
i
5 -
[ V]
i
& N
(5]
2, [
,jg:) | Concerter Converter
1o}
438
- -
e
3 8 Game-playing |
X E observation |
- \
- |
G 0 i
-~
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Appendix M:
Game-Fopulation Questionnaire

To hel}:; identify the most appropriste population for the game,

please answer the following questions. Since it 1s tha game,

#d not you, that is being evaluated, your name is not required.
0 : .

1. Check one: I am less than 18 years of age.

-

1 am 18 years of age or older.

2., Check ore: I know the size of. metric measures such as
centimetre and millilitre.

112

I do not_yet know the size of these metric -

measurota !
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Table 8: Affcbt.ivw()bjéctives Lata-Analysis for Tryouts
B Tryout 1
_: .Cate- | Source | Average response over all players |Direc~ " Fositive
LoTY & ttem tion | rating
- Q:2 & 3 | Considérably , Somewhat +
) Q:4 Conslderably W+
v = Q:5 g3 or 10 e
£ -é. D:1 Enjoyable +
B = D2k 3 Interacting with othcrs , Wil +
o Ay D4 Enjoyment +
5 5| D:10 B - 80 years + “
"D:12 - - - - . .
‘ 100%
Q:1 & 7 | Somewhat favorable , Somewhal un- i .
o. | - favorable . o
# 1Q:5&8 | 9%0r 10, ¢ or 10 +
2 1Q:6 bot at all -
£ D:1 S - - \
"8 !|D:2 &3 f Learning a little metric , N1 +
o 2{D:4 Learning a little metric *
5 8ip:s uSets" *
L BVER R 8 - 80 & especially those avolding
24 ' metric ¢ *
) g D12 5ti1l remember soms examples that
e were amusing +
+ -[’ Conver— | Willingly obtained & experimented
_ ter with ¥
78%
. o |Q:2 &3 | Considerable , Somewhat +
2 D:1 Excellent potentlal *
§ 0:2 &3 | The fun , Hil , +
o 1Dk - - - r
, P | B:10 J 8 - 80 years +
o | D1l B - 80 & especially thdSe nvoidl,ng
s metric *
o Bel2 - - - )
. . Conver— : '
| = ter Willingly obtained & experimented
! ) with + -
‘ 100%
A Q: Cuestionnaire
D: Dincussion Guide
Continued

[ .‘;i'
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Tryout 2
. Cate- | Source Average response over all players | Direc—| Fositive
. gory & item tion | rating
Q:2 & 3 | Moderately , Somewhat * +
Q:4 Very considerably +
.oowl Q5 7 or 8 +
B -E D:1 | Enjoyable - . +
qu D:2 & 3 | Socializing , Nil +
o s Dik Winning +
E 5] D:10 12 through adult +
T b1z - - -
1002
Q:1 & 7| Somewhat unfavorable , Somewhat
E . unfavorsgble - : - -
bt Q:5& 8| 7or 8, 11 or more _ +
B | Q6 Not at a1l / slightly -
8 D:l ---
s g D:2 & 3 | The amusing metric éxamples , Nil +
G 8| p:a Using Ranking Chart less, the .
L longer we continued to play + ’
2+ D:5 "5ets" +
g D:11 - Adults not learning metric via
£ o . employment +
M B D1z - - -
Conver- | Willingly obtained & experimented
ter with +
75%
3 Q:2 & 3 | Hoderately , Somewhat +
E‘ D:1 Final product should be popular +
o D:2- & 3 Winning & fun , Ni1 +
0 D:4 --- .
~ | Db:10° 12 through adult *
uf D:11 Adults not learning metric via
pd ' emplopment ~ +
7’4 D:12 Would like to play an other time +
K] Conver- | Willingly obtained & experimented
ter Jwith *

. AR

100%
1

" Continued
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Tryout 3
Cate~{ Source Average response over all players |Direc-] Positive
- gory- | & item tion | rating
Q:2¢&3 Considerably , Somewhat +
: Q:4 Very considerably +
™ Q:5 9 or 10 +
g a D:1 Good social mixer +
g a D:2 & 3 The atmospherse , Nil ! +
o D4y Winning +
:5"’5 D:10 Teenagers & adults, & especially »
at card socials +
D:12 - - - . -
Ly 100%
Q:l &7 Somewhat unfavorable , Somewhat'
o unfavorable -
i Q:5& 8 | 9 or 10, 11 or more +
B | Qb Slightly .
B D:1 -~ - .
8 D:2 & 3 Seldom referring to the Ranking
o % Chart during the last few games ,
:g B Nil +
o ol Dib Enjoying learning something useful| +
24| D:s 1Set gt +
£*| D:11 Senior citizens and others who shy
'E‘E b1z fwfy_from metric o+
Conver- Willingly cbtained & experimented,
with : +
86%
L1
% Q:2 & 3 Considerably , Somewhat +
g D:1 Excellent +
- 8 D:2 & 3 Other players , Nil +
e D:4 - - -
o D:10 Teenagers & adults, & espscially
e : at card socials +
? D:11 . "Senior citizens and ecthers who shy
e away f{rom metric +
& D:12 Metric Commission sheuld purchase
this game for public use +
Conver- Wlingly obtained & experimented
ter with : +
1007

Continued
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Tryout 4
Cate- | Source | Average response over all players | Direc- Positive
goTy & item tion rating
Q:2 & 3 | Conaiderably , Somewhat +
Q:4 Considerably +
0| Q5 9 or 10 +
= .a D:1 Would enjoy playing an other time +
B 3| D:2 &3 | Socializing , Ml + f
& Bl Diby Enjoyment | +
Eﬁ D:10 8 through adult + '
b:12 - - - .
N 100%
Q:1 & 7 | Mixed reaction , Somewhat favor- .
able . +
=t Q:5& 8 9orlO,1J.ormore +
2 | Qb Slightly +
=8 D:1 --- )
8 D:2 & 3 | Learning metric , Nil +
ol D:h .. | Learning metric +
§ 8| D:5 nSets™ +
'15 :’ D:11 Adults & perhaps school students +
3 D:12 - - -
Eg Conver— | Willingly obtained & experimented
o o | ter with +
sl ' 100%
Q:2 & 3 | Considerably , Somewhat - +
D:1 Excellent +
D:2 & 3 | Socializing , Nil +
3 D:4 _Would enjoy playing an other time +
g D:10 8 through adult +
B D:11 Adults & -perhaps school students + .
Y D:12 Excellent for card soclals +
= Conver— | Willingly obtained & e.xpermented
“ | tor with +
b . 100%
o
2

-~
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Cognitive-Learning uuestionnaire Introduction

The purpgée of this questionnaire is to determine- how
effective the game is, _Since it is the game, and not you,
that is being evalﬁgted, your‘name is not required. Your
.aqswers'will be seen by no one but the administrator and will be
used only for‘the purpose of improving the game. Your score
will be the number of questions answered correctly. Try to
answer each question and.to make your score as high as péésible..
There is no penalty for guessing. You may change answers by
erasing. .You will have ample time to complete the
questionnaire.

To help 1dentify the‘most appropriate population for the
game, please answerkthe following questions:
l. X am___ years of age.
2. My ;iﬂua; éalary is ‘approximately _.  thousand dollars.

-

Now, fold this sheet only sc that yéur angswers remain
3

confidential. But do NOT-look at the questionnaire until

. asked to do so.
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Appendix P:

Cognitive-Learning Wuestionn aire Introduction

_ The purpose of this questionnaire is to determine how
effective e‘ach question is. Since it iz the questionnaire,
and not you, that is being evaluated, your name is not required.
Your answers will be seen by no one but the administr#¥or and
will be used pnly for the purpose of improving the questibnna_.irq_.ﬁ
Your score will be the number of guestions answered correcﬂix. h
Try to answer gach question and to make your score as high as
possible, There is no penalty for guessing. TYou may change
answers t'>y erasing. | You w:Lll have ample time to comple'i,e the
questionnaire. |

' T¢ help identify the ‘most.appropriate population for this
guestionnaire, please answer the following gquestions:
1, lam_  years of ageo

2. My annual salary is spproximately thousdnd dollars. .

Now, fold this sheet only so that your answers remain’

confidential. But do 'NOT look at the questionnaire until

asked to do so0.
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Appendix Q
Table: 10 K~-Ryy for Final Version of Questionnaire
Variance Unit Variance Unit
Subject. Subject -
X J(x -0 (X - 12 X (x-X¥)] x-X)?2
1 264 7.8 | s50.84 (|, 11 19 .8 6
2 12y 5.8 33.64 12 19 .8 . YA
3 2, | 5.8 | 33.64 13| 18] -.2 0L
A 24 | 5.8 33. 64 | U | 18| -.2 N/
5 ‘23 L8 23.04 15 18 -.2 oA
6 23 4.8 23.04 16 12| -6.2 38,44
7 23| 4.8 23.04 17 8[-10.2 | 104.04
8 22 | 3.8 1h.44 18 8{-10,2 | 104.04
9 22 | 3.8 14,44 19 71-11.2 | 125.44
10 20 1.8 3.20 20 6 -12:2 148,84
Note --
Varilance:

When £X = 36L, £(X ~ X)® = 775,16, N= 20;
then Sx? = 775.16 / 20 = 38.76
K-Ro3:
When X = 364 / 20 = 18.2, n = 26,
then ry_ g = 26/26—1{1 ~f1s.2 26-182)/26 3876)]}
= .99
This means that 99% of the total variance is associated with

true scores on the test, and that 1% is the result of error
(Marshall & Hales, 1972 p. 108}.

-\
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Appendix R

Table: 12
Hultiple Comparisons Employing Schafré Procedure

Variance estimate (S,2):

A B c
x| x* < | x* x x*
24 | 576 26 | 676 23 529
2 | 516 2L | 576 22 L84,
23 | 529 T 23 | 529 19 | 36 -
19 | 36 22 | L84 18 | 324
18 | 324 20 | 400 18 | 324
12 XL4
B | 6L
: g | . 6
7 L9
6| 36
| Total
No., of scores in
column 5 5 10 —
6um of scores in . '
__column 108 115 141 —
Sum of squares of
each score in ' :
column ' 2366 . 2665 2379 7410
Divide square of
sum of, scores in
column by no. of :
scores in column | 2332.8 . 2645 1988.1 6965.9
Sun of sguares Degrees of freedom |. Variance estimate
70 - 6965.9 = Lhhal (| R0 -3 -7 Lhbol /17 = 26,12
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Comparisons;
(A + B)p C:
Maan (A + B) = (208 + 115) / 10 = 22.3
| (22.3 = 1h.1)?
F = :
26.12 / 10 + 26.12 / 10
"= 10.97
(21-6 - lb-l)z
A, C F =
26.12 / 5 + 26,12 / 10
= 7.76
_ (23 - 14.1)2
] B’ C: F - -
26,12 / 5 + 26.12 / 10
= 10.16
, (23 - 21.6)2
B, A: ! F - :
‘ 26,12 / 5+ 26,12 7/ 5
= 1.88 '
@'!

!,,#gh'

172
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Appendix 3
Table l4: Affective Data-Analysis for Fleld Trial
Cate- Sourcg Average response over all players | Direc- Positive
gory & item tion rating
Q:2 & 3 Considerably , Moderately +
Q:4 ‘Considerably +
é_ba" Q:5 9 or 10 +
o D:1 Enjoyable +
ES | D:i2&3 | Fun , NY +
8% | D:4 Enjoyment *
g5 D:10 Teenagers & adults +
D:12 - - -
100%
Q:1 & 7| Mixed reaction , Somewhat favor-
) . Bble +
= Q:5& 8| 9 or 10 , 11 or more +
' Q:6 Somewhat +
A D:1 - - -
3 D:2 & 3 | Learning common metric measures +
o % D:4 How little use was made of Rank-
:8 0 " ing Chart in the last few games ,
[S ] Nil ) +
32 | D:5 "Sets" +
g D:11 Teenagers & adults +
E.S D:12 Excellent family game +
Conver- | Willingly obtained & experlncnted
ter with +
100%
@ Q:2 & 3 Considerably , Moderately +
%’ D:1 Excellent with suggested improve- 3
5 ments +
8 D:2 & 3 Socializing & winning , Ni1 +
o D:4 Socializing . +
© D:10 Teenagers & adults +
bt D:11 Teenagers & adults +
i D:12 Excellent family game +
o Conver— | Willingly obtained & experlmented
- ter with * o
100%

# Questionnaire
Discussion Guide
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