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. COMPUTER-BASED IMAGINARY SCIENCES AND RESEARCH ON' CONCEPT ACQUISITIONW

o - .
' BROCKENBROUGH S. ALLEN _
. ' Educational Technology Program : e
Department of Development, Administration, and Technolog
] - San Diego State University —_—

" . pbstract ‘
Outlines advantages of imagiﬁarr sciences fbf,ﬁosearch on instructional
design variables; reviews particular benefits of imaginary sciences for
computer-based reseanch; briefly describes one example of a computer-based
" research. tool in whigh'an imaginary science is used to facilitate research on.
concept acquisition, : -
General Value of Imaqinary Sciences
for Research on Instructiod .

°
o

Control of extraneous sources of variance is the chief obstacle to
demonstration of significant treatment effects in most experimental studies.  _
Research on instruction is often handicapped by uncontrolled interagtions
between subject matter, previous experience of subjects, and the instructional
methods under investigation. Ore way to control for such interactions is to use
'« an imaginary subject matter that resembles real-world content bu¢ which is 1)

more easily manipulated for experimental purposes and 2) more easily adapted to
the limitations of delivery systems that are used to represent subject matter
content_in the experimental treatments. o S
. Prerequisite knowledqe. . Prior Knowledge is one of the most influential
variables affecting instructional. outcomes. Every subject matter requires a
preceguisite body of knowledge. Differing levels of knowledge and skill results *
in group heterogeneity that is often difficult to control. One advantage of
- imaginary 39bject matter. is that dependence on prorequisito'knowlednggcn be
. more easily controlled: it is impossible for any of the students to have
learned the subject matter prior to the study. Obviously, even .an imaginary
subject matter requires previously learned skills. However, the use of an ‘
imaginary subject matter allows content to be modified to require certain skilis
but not others. Real-world subject matter cannot so easily be modified.
Manipulation of the Subject Matter. Instructional researchers sometimes *
spend weeks trying to find a concept, rule or principle with the characteristics
appropriate to a particular*investigation. Changing an existing subject matter
in ways.that destroy correspondence with the real world is usually considered
. unacceptable because of the danger that the student will acquire misconceptions °
' about .real-world content that will cause difficulties for him or her at 2 later
. time. -An imaginary subject matter (so identified for the student) can be
changed at will to .include¢ any content or to vary difficulty levels pithou
teaching false concepts. - ' '

- - . -

w

£ Paper presented at the éynposiun on lnaginarxﬂgcioncos’and cdiputcr-bastd lnstructidﬁ (Division C, Section 3,
Annual Meeting of the American Educational Research Association, Chicago, April, 1983, .The au@horﬁkishos to

. .

. thank M. David Merrill {or‘his,assistancé in developing the ideas in this paper.
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An |mag|nary SUbJet* matter allows the investigator to manipulate many
factors that are impossible to change in real-world subject matter. These . . - -
include: the steucture of the content, the interrelationship between content '
components, the attributes of the components and the nature of . prerequusnte o
knowledge and skills, The malleability of imaginary subject matter enables more
precise design of experimental treatments than is possible with real-world-
subject matter.~\For example, in the imaginary concept system described later in
this paper, concept names were chosen so_as tg help control for rote memor y
effects: ten defined concepts were given |mag|nary names beglnnlng wlth the
first ten letters of the alphabet.. ~
§colog_§a Intearity. In crafting treatments based on.real-world subject
- matter, it is not uncommon for researchers to seélect isolated bits of content
that have propertles appropriate to ipvestigation of a. particular instructional
phenomenon. The problem with this piecemeal approach is that the real-worldo
‘subject-matter.May not have the propert|es appropriate to subsequent
investigations of related phenomena by the 1nvest|gator or by colleagues who
seek to extend the original work.: .
An imaginary science permits the |nvest|gator to add content appropriate to
" expanded investigations while maintaining a coherent "microwor1d® (Papert, 1981)
~ that is governed by its own internally consistent set of rules and laws.
N © Researchers can then study the interaction of instructional variables
. (previously investigated in earlier versions of the‘m|croworld) in the context
' of of an expanded but consistent body of “"Knowledge®.
" Power and Compactness. Real world subject matter domains often contaln
“numerous content elements and relationships that are irrelevant to an
experiment’s hypotheses. An .investigator’s concern:- for accuracy of content,
mastery of.prerequisite skllls, or maintenance of ecological integrity may force -
“him or her to include such content in treatments even though the content has
little to do with with his or her research questions. :
‘Inclusion of such irrelevant content can, impair the eff|C|enc7 of an
experiment by requiring. the investigatoms to spend more time\.preparing subjects -
and administering treatments. UWhen experimental resources are scarce, the
L inclusion of this extra content can have a indirect -impact on expertmental
. .. findings: longer treatment periods reduce the number {-subjects that can be
£ tested within a given time span or wi th given equnpmenﬁ. Since the power to
) detect differences between treatments is a function of the number of subjects
(or observations), the effect of the additional subject matter content is .to
increase the likelihood of Type ! (Kirk, 1948, p. 29) errors, ie fallure to
detect treatment differences that do, in fact, exist..
. The use of imaginary sciences allows investigators to represent fundamental
content relationships in a very compact form. By manipulating the structure of
the content, investigators can omit many content relationships and elements that
are not germane -to the hypotheses being ested.

5§

a

Value of Imaginary Sciences for
"~ Computer- d Research -

Johnson (1982) has outlined sope of thhaadvantages of the m|crocomputer as
a tool -for educational research. These ifcTude replucabuﬂm{y and
standardvzatlon of treatments across experimental settings, more precnse data

- collection, cost savings in administration of complex treatments to large

numbers of subjects, more efficient management of experimental procedures, and

more cost-effective processing and analysis of data.

An obvious advantage of microcomputers for edqcatlonal research is their
ability to simulate dynamic stimuli and adapt stimuli’ to -individual studants on
the basis of measured responses. However, most inexpensive microcomputers place
significant restrictions on the: representataon of subject matter content. For
'{ERJ!:‘ example, screen size and resolutnon often lvmlt the type of content that can be
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represented as well as the the fldellty of the representatlons.' 1t may, be ~ -
difficult and costly to transform graphic and pictorial representations of’ 'real
wor 1d* phenomena into usable computer displays. Memory size and processing
speed may further restrlct the capabllltles of a system for representlng subject
matter. :

!maglnary sclences can help researchers to optlmnze the use of these
limi ted computing resourcés by allowing the specific details of the subject
matter to be altered so as~to fit the representational capabulltles ‘of the

‘an imaginary system consnstlng of ter.defined concepts. Names for these
concepts were all less than eight lettefs long because this conflguratlon made -
optimal use of a 40 by 24 character screen display. A similar™ optimization
strategy involved the creatiop of attributes of the concept classes so as to

make efflclent use of Pascal graphics utllltles. o o _ e
D E_xtﬁn_alValldlt ofmgsﬂased on Im_am_mzmlg_s - -

Critics sometimes argue that. flndlngs based on |mag|nary subJect matter
cannot be generalized. In many cases, however, the malleability of imaginary .
content allows much greater flexibility in simulating fundamental structural
characteristics of content that appear across diverse subJect matter domains
than does the ugse of a specific "real® domain. Results of experlments based on
careful ly-constructed imaginary sciences should have greater validity than
experiments than those based on real' content with atyplcal subject matter °
organization.

The. validity of any concept system depends 6n its ability to represent sets
of objects and events that’exist in the obser¥érs’ environment and to do so in
ways that allow predlctnon or explanation o{ causal and* correfatnve phenomena
involving these objects or «ents.

_ The utility of concepts for caununlcatlng wlth others-depends on consensual
vaiidation Cor at least on a common understanding) of the concept system by a/
linguistic or phllosophlcal ‘community. In this sense, all concepts are
imaginary. They can be 'challenged on the basis: of both “validity and utility,

“and they may be displaced by systems that permit more complete explanation and-

communlcatuon of the observed erivironment.
+There are two principle differences between imaginary sciences and real

sciences. First, in imaginary sciences, it is the investigator who determines e

(ideally by deliberate design) the adequacy of the concept system for explaining .
and predlctlng events that occur in the imaginary microworld. Second, the ‘
validity and utility of the imaginary concepts for predicting and explaining
events (or for communicating with others about them) may not extend beyond the
immediate limits of the microworld. .

However the external validity of experlmental results does not necessarlly
depend on how accurately the imaginary copcepts describe the ®real® world. Nor
does external validity necessarily depend on -the similarity or fidelity of .
specific examples in the imaginary world to counterparts in the real world. . The _ -
critical issue-in generalizing findings based o an imaginary sciences js how ’ :
well "its imaginary content simulates the relationship between subJect matter

. elements . as these relationships are depicted in real sciences.

Ensuing sections of this paper explore two issues: 1) how relatlonshnps

‘- that are relevant to concept teachlng can be Dperatlonalnzed as part of an” -

imaginary science. and 2) how an |mag|nary science can be used for computer-based .
research on cdncept acqclsltlon. ‘

&
¢

o "'-'"BEST'COPY‘
.. ' COP

" computer system. The research tool described in this paper, for example, used ' R
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Research on Cancépt Acauisition ’
Tonnyéon and Park ¢1980) definefa conce;t'as *a specific set of objetts,f o

-newly-encountered instances.

symbols or events which share a common set of characteristics (critical
attributes) and [which) can.-be referenced by & particular name or symbol®
(p.56)- h.g . B ’ . ' ’ )
Concept attainment requires an ability to generalize class attributes to
The most common way to measure mastery of
;onceptual'relttionships is to require individugls to classify or categorize
instances of related concepts. ’ _ )
 Concepts rarely exist in isolation. In typicalschool settings,
indiyiduals must master interrelated sets of concepts--petworks that involve

. superordinate, gpbdrdinate, and coordinate relationships (Merrill & Tennyson,

1978). Taxonomic hierarchies represent network information so that “each
location or .node represents one or more features that its branching or
lower-level hodes -have in common® (Wilcox, Merrill, & Black, 1981, p. 8).
Wilcox and his associates identify a number &f synonyms for taxonomic '
hierarchies. These include decision tree, conceptual hierarchy and conceptual
network. : - SR :
’ “According to Tennyson and Park (1980), research on concept teaching has
focused 6n the following areas: "<(a) the relationship between examples, (b) the
relationship between examples and non-examples, (e) the ordering of examples and

SN

_instructional help, (d) developing a procedure for selecting an appropriate

number of examples, and (e) the relationship between coordinate concepts® (p.

55). ' :

lIssues that should be considered in désigning a-system of‘imaginary‘

- concepts include the .following: - . o .

1. definitions and names of.concept classes; )

2. wvariation in the critical attributes that define membership in a
K cancept class; o - ‘ “ Lo
3. the nature and range -of irrelevant attributes;

4, .representation of specific instances of concept classes;

5. contrasts between examples and non-examples; _

7. hierarchical (superordinate, subordinate, coordinate) ‘

3

: relationships between concept classes; ‘ e
. 8. analogous relationships between different portions of a conceptual
ne twork. ' o : ; : '

¥

. , S . - '
~ The issues that should be considered in designing computer-based
tools for research on concept acquisition include the.following: '
) - % ‘ : .
1. feasibility of using computer displays to represent specific
: instances; , . ' -
2. feasibility of using the computer to represent set-subset
. relationships between concept attributes (eg, superordinate,
“subordinate, and coordinate relationships); ‘ o
3. possibilities for simultaneous comparison of two more instances of
the same concept; . - -
4., possibilities simultaneous comparison of two more instances of
e the different concepts; , ’ ®
: — options for learner control and system control over instances to .
Q:S" be examined by the learner; - ‘ : .
6. access to helps that explicate the relationship between concept
- definitions and specific instances; '
8. .control of nuisance variables, especially those relating to
pre-treatment aptitude, knowledge, and skill; _
9. _use of outcome measures for assessing concept acguisition.'

A -

e : : - ‘ :
. s - 6 S
. X v
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: n ImagiWary Science for Com puter- ~based Y

rch on Concep Acqng|tton : e

Ouer 20 vears has elapsed since C2ia1 Berieter developed the imaginary
~science .of Xenograde Systems. Originally conceived as a framework for the
investigation of instructional variables, Xenograde has been used from the
1960’s onward in scores of studies. Many of these have involved computer-based
implementations.  Treatments based on Xenograde span three generatnons of CAl
technology, beginning with Merrill (1943) . . .

The following description outlines an extension of ‘the original Xenograde
system adidpted for research on |nstruct|onal varnables assoclated with concept
acquisition,

~ Subject-matter Content. As implemented in th|s extensnon of the orfginal
Xenograde “curriculum,"® the concept system groups imaginary particle systems
into ten classes on the basis of the type, number and behavlor of various :
sub-particles. Basic terminology is outlined in Figure 1. - The names of the
concepts classes are bised on the first ten letters of the alphabet in order to
control for rote-memory effects. An overview of the classifications can be s
- obtained by reading the list of Xenograde Class Definitions in Figure 2,
The structure of the classification “system permlts learners to derive C¢or
for instruction to explain) a number of classification rules.  These are best
,understood through inspection of the hierarchical display in Flgure 3a. ‘
Some examples of possible rulest (1) Nucleus shape doesn’t matter in
determlnlng classifications. (2) If an instance is particulate, classify it on ,
the basis :j alphon behavior and number. ¢3) If an instance is hdmogeneous, . 8
classlly it/on the basis of satellite behavior and number. , :
Computer Displays. The imaginary concept system is depicted thrqugh
specially-designed computer displays designed by the investigator -and developed
by his associates (Eucker, Cochran, Allen & Merrllf, 1982). The programs
.controlling these.displays are intended as a ‘general purpose research tool for
jnnvestlgatkng instructional design variables related to«oncept learning and are
written in Apple Pascal (Apple Computer Inc, 1980)., The major features.of the
system are outlined below. The reader should refer to Figures 3 through S for
details. : ' S : . -
The programs present three types displays: (1) definition displays, (2)
instance selection and presentation displays, and (3) item displays for a
computer~administered classification test. ..

Definition Displays. These displays present a brlef definition of each of
the Xenogrdde classes and are similar to those shown in Figure 2. Each display
summarizes a. particular concept’s attributes, including some that are irrelevant
to identification of the specific class. Each dlsplay includes one example.,

Instance Selection and Presentatlon Displays. These displays allow for a
controlled exploration ‘of the ‘classification system, using simple branching .~
options. - Taken together, the instance selection and presentation displays
constitute a System-for training students to classify’ specific instances of the
Xenograde concepts. An overview of the branch sequences can be obtained by
referring to anures 3:and 4. " The instance selection and presentatlon displays
are represented in two different versions. One version (Figure 3) represents
the information in hierarchical form; the other version (Figure 4) represents
the information in the form of a table or matrix of attributes.

Classification Test Displays. (See Figure 5,) These displays constitute a
test of concept acquisition. ., Each |tem/d|splay requnres the student;to-identify
an example of one of the various Xenodrade classes. Scores on this {est is
designed to serve as an outcome measure for experiments that requlre an
assessment of classification performance. . b
. Construction and Reliability of the Classification Test.. The
computer-administered test was based on a 30-item sample of the content doma;n.
The sampllng procedure employed a computer program that randomly selected R

o
~ . . . ! : . ¢
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attribute conditioég for each item. As administered to students, test items
were the same for' each subject, except that patterns were independently varied-
within the alphon-attribute .condition by pseudo-random routines.  An item which
displayed an example of the Etonic class would- thus have variations'in alphon
arpangement across test administrations, but these variations would still.
confdrm to the'criteriad attributes for the Etonic-class.” ) T
’ The reliability of this test was determifed by administering it to 40 °

. high-school students following their use of the instance-presentation and
instarce selection displays for a 40-minute period. Scores evidenced a bimodal

r
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distribution that eleanly split subjects into a group with high scores and a —

group with low scores. Using Cronbach’s alpha coefficient (Merhans and Lehmann,
1975, p. 99), it was found ??at - =0.92. This indicates that item consistency”
was extremely high, in spite of the relatively the small sample size and the.

hombogeneity of the qujqct-pool. . ' o
.§tﬁdies Using ;ﬁg;konogridg COncéﬁt'stteml, .-\\ f . _

" Two studies serve’ to illustrate possible applications of this imaginary

- concept system. - In a study on learning strategies (Allen, 1984), the question
‘was whether a strategy for comparing examples and non-example%;of]concept
classes could be taught as a system-assigned (Allen & Mernill, 1983) learning
strategy: Thirty-eight high school students were randomly assigned to dne of
two experiment groups. Each group received preliminary instruction in basic
‘terminology (Figure 1), reviewed .the definition displays (Figure 2), .and .

‘previewed the classification test (Figure 5). ‘Subjects thei “used the matrix-

version cf the instanco»seleﬁtionJand presentation disptays (Figure 4) for forty
minutes.- During this period, the treatment group received advice on how to '
select pairs of instances‘so as to 1) maximize contrasts between examples of the
same class and 2) minimize contrasts between examples of different classes.
(The first operation produces diverse examples of one ctass. ‘The second
operation results in comparison of an example-from one class with a similar
non-example.) The control group received non-directive placebo strategies.

. Scores on the classification test indicated a moderate treatment effect-favoring
system-assigned learning strategies. -~ o , S .

A second study (Allen, 1983) compared the effectiveness of -three different
approaches for teaching a classification system. Subjects were gtudents in
elementary and secondary teaching credential programs. Each reczﬁved
prelimipary‘nstruction in basic terminology {(Figure 1), reviewed the definition

“displays (Figure 2), and previewed a sample test item (Figure 3). "The subjects

“were then rahdomlﬂ assigned to one pof three 32-minute treatments. . Ohe group
used the hierarchical version of the instance selection and presentation
displays. A second group used the matrix version. A third group alternated
between the two versions at eight-minute intervals. Scores on the .
classification test strongly favored the hierarchy-only treatment.

A third experiment--gtill in the planning stages--will make use of :

" analogies that were deliberately built into the¢ Xenograde cbncept system. The
. two major branéﬁ:s-of-tho classification system (particulate and homogeneous).
have analogous organizational structures. These are best understcod through an

-

' examtggtjon of Figure 3. Some examples: ‘ , , : "
.(‘. ’ » v ‘. c ) 0' °

#

f;} 1. Alghons are to particulate sfstems qs'saﬁellites are to
o homogeneous systems. (Both are sub-particles useful for making
;g#= - classification decisions at subordinate levels). B '
2. Pulsating is. to alphons as alternating is to orbit direction.
(Both involve alternating states.) o '

. »
~ . , . 'S a

. . ' C °
' IR ) Eg o
. X . . . .

-
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3. Clu ggere is to dispersed as .g orbit Jgrection is to opposed - .
orbit direction,. (Clustered and dlspersed imply, respectluely, -

attraction and repulsion; same direction and opposed directions ",—“}: "
|mply, respectnvely, alngnmeﬁt and oppoS|t|on bf forces.,) .

94, In pantlculate systems, the.number of alphons forms a pattern ’
" beginning with Alphonict any, even, odd, -even, odd. In homogeneous -
system8, the number of satellites forms a pattern beglnnnng wi th Py
Fatonic: one, two, three, two, three. . e
The questnon to be addressed in th|s proposed study |s whether explncatlngﬂ
the analogous relatlonsh\p between the two branches of the' hieranchy will
facilitate acquisition of the entnre’toordlnate céncept scheme. The hypothesis
is that an understandnng of the analogies wi.ll reduce the rote memory burden of
the learning task by reducing the number of relationships the learners must

w

4

*  master., The assumption is that if learners master one half of _the network; they °

can learn the other half by forming analogies., . X -

+

. o 'V ' - a o Sumal‘ \ . ' -c“.
. ’ - f—————z
Research on |nstruct|on "has long been hamperad by the dnffncu1ty of &
constructing treatments that precisely reflect the viriables of interest to = -

lnuestlgators, by the difficulty of replicating and extending treatments, and by
the lack of adequate controls over extraneous sources of variance.’ . -
COmputer—based imaginary sCLenCes expand the opportunities for eddressnng these
problems by loosening the constrasnts that real-world subJect matter |mposes on
experiment design. 3 "

But there may be a more subtle benefit to imaginary scnences: - the
‘invention of imaginary subject matter is-a creative process. The goal of thisw .
process is to produce an accurate simulation of deep structures common to many
subject matter thereforé cequires that researchers extract the, essengnal v
relationships embodied in speci¥ic real world subject matter, domains and.

. _represent them in a more generalizable and yet more compact form--a form'ﬁore .

suitable to experiméntal verifijcation of theories and general hypotheses. It
seems. reasonable to expect that instructional scientists who pursue th'is
inventive activity in the service of their experlmental goals will have new
insights about the relationship b tween instructional stra&egies and .
instructional content--insights that would not occur had their thinking been’
resgricted to content based on the "real® world.

» -

® ': " ' References
. , % o . . o
Allen, B. S. ¢1984), Taxonomic hierarchieg: devices for exposition or aids to ~
practice? Paper presented at the Annual Conference of the American a
Educatlonal Research Association,. New Orleans, April, 1984, S

N
-

AJlen, B. S. (1985). The effects of system—asslgned exemplar comparison
strategies and attribute coding strategies on.acquisition of coordinate.

concepts. Proceedings of the Resgarch and Theory Division. "Association for
Educatlonal Communlcatlons and Technology Annual Convention. Anahelm €A.
A G

A

"“Allen, B. S. and Merrill, M. D. (1985). System assigned Learning Strategies and

Computerzbased Instruct|on. “Journal of Educational Computing Research, §, 1,
1-18. o . ' : ' .

»

. ' ' . . . - t *
.bl ¢ . . . 9v.
. . . N . .
. R » BN




-

L4 o
' . [ i o .

F
.’S

PR

w, o . S - . ' - 5
. .

e —

B., S Allen - lmagunarr SC|ences and Concept Acquu%atlon . ' Page B; - _
‘\bple Computer “Inc. gg980>- ggle Pa;g peratnng zstem’ﬂefeggnc anué&
Cuperﬁlno, cA. . _ )
‘Campbe 11, D. T.,'ﬁ Stanley, J. C. (1963). Expe g.mental and'Quas| xnerlmenta K
Desighs for Research. Chicago: Rand’McNally. CL SO
7 ' - A
* - Eucker, T. E., Cochkran, J. W., AHen, B. Si, &Mermll, M..D. (1982). The ¢ v
xenograde classification taski. a tool for researc¢h’on ¢ oncegt earwang .o
(canputer sof tware). .Del Mar, CA: Mlcroteacher. . - .

-~ . / . »f
> . .
T .

Kirk, R E. (1968). ‘Exper imental Desiqgn: Progedures jgg the thav.gral
Sciences. Belmont, CA: Brooks/%gle. ' /

M} . / . ﬁ
\
Johnson, C. W. (1983); Micr0computer-administered research- ‘what it means for
educational researchers. Educational Researcher, #, 3, 12 16. . , . .. 2
r] S : . - . ‘ ) .

Markle,. S. M. Teachingjtonceptual,nefworks. (19?8). NSPI Journal, 17 4- ?.

L]

Mehrens, N.IA., & Lehmann, 1. J. (1973), ,Mgasurement g_g Evaluat|0n |n © e o, s
Education and Psychology. New-¥ork": Holt Relnhart. o T A .

Merrill, M. D. (1965): Correctlon ‘and review on-successive papts in learning a

hlerarghlcal task._ Jeurnal of dgcationaﬁ Psychology, gg (5), 225-234.
®

Merrill, M. D., & Tennyson, R.. D. (1927). ‘Teaching concepts An~|g§truct|ona .
- design quide. Englewood Cliffs, NJ: EducatananTechnology #E—lications.‘ . )

 Papert, S.(1982). . Mindstorms. ~New York: Harper & Row.
' !
Tennyson, R P. and: Park,-0. C. '(1980) The teaching-of concen\s: a review of
instructional desugn llterature. Rewiew of Educati nal esogrgn S0, (1), .
95-70. ’

-

Reigéluth, C M., Merrlll, M. D., & Bunderson, V C. (1978). The structure of
subject matter content ang its instructional des;gn |mpl|Cit|onsr

4ngtruct|onal,8g gngg, ?,‘10?-126.

-~

¢ ' - Ce
.W|lcox, W. C.y Merrnll, M. D., & Black, M. B. (1981), Effect:of teaching a
conceptual-hierarchy on-concept classnflcation performance. Journal o#f

lnstruct10n;_ Develogment, 3 (l), 8-13. v R s
8 . o . \‘ . . ‘
-~ o
\ h ‘ A ) ' S L3
) . %
14 - g 4 . '.] i




s Fan . — X ' LA - o L . _ N ?!PJ
. .o K R - R i R Y . . N . . . . Pl ~
Pt . . N S, W X . . ) . DR ‘. . . L .
L ’ ’
.

. ,
- . < ¢ Y .

, o WELCOME TO THE STARCRUISER ACADEMY
! SCIENCE OFFICER TRAINING COURSE

& g ‘ . Lo e
“ . & [ . .
‘?Durlng the next few hours, you will be tralned to recognlze and ;ﬁentl.y

-

'varlous planets’ throughout the Xenograde System. "As a Science Officer.

on board one of the Emplre s ﬂsny starcrulsers, your responslblllty |
'-~w111 be to ldentlfy ‘and’ correctly classxfy all planets vzewed on the

'Planet Inspectlon Console.{bThls class1f1catlon is the%‘relayed to the :

-~

crew, SO they can determlne whether the planet is-a safe ‘landing sxte. <
\.

Many o{‘the planets throughout ‘the system emlt harmfui radlatlon,
| produce d1seases, or are covered wath explod;ng Volcanoes and

P -

Qther dangers.;:As a 591ence.off1cer, you must know the traits and

.

. characteristics which classify the planets-into ten major categories,
) . \ e ;15'

4» R
(] . N = . "
& aF .a‘ J ‘
- 'ﬂ L4 . N . .
ABOUT THE TRAINING .
The tpaining sectian is divided into two sections. *The training. =~

.manual will teacﬂ'you the vocabulary and terminology. of the parts of

" « .ﬂe. . A I ) . . 3 - r
the Xenograde planets.‘\Once you have mastered the terminology, you
willf be ready td begin training ‘on the Planet InSpect.oniconsole.

“ . . .
) ' 3 i
. FIGORE §{ . Pages from manual éxplaining
) ~ Xencgrade terminology. - . S .

.
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_the orbit, by look:.ng at the arrow above t;-;e satellJ.te. I

The screen ‘above shows the parts of a typlcal Xenograae planet.

v

'Ilhe large rpun& oBJect is called the nucleus.

o L
are t:my partz.cles called/ al*ons. .Satell:.tes travel around the IR L

Ins J.de the nucleu?

nucleus J.n a path called an'orbz.t. !ou can tell the dlrectlon Of

- Al

[S — B - v

.

.

i . f ,{FIGUR:E';I '('Coﬁtinuéd) . 12
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o

NUCLEUS SHAPE

The nucleus comes ih four shépés: spheriéél, 2-lobed, 3-lobed, and
' - N \ : .
. 4-lobed. Here are some examples: -

\

SPHERICAL NUCLEUS , 2-LOBED NUCLEUS
, . ‘ i . R .

o B . " Figure l‘(confinued)

13




NUCLEUS TYPE

There are tﬁo"txges of nucleus. If the nucleus contains no alphons),

it is called homogenous. A nucleus with alphons inside it is called

particulate. Below are examples of each: - ' L

-

HOMOGENOUS NUCLEUS

(No Alphons)




"ALPHON BEHAVIOR

Q. -

Alphons beha%e”differently on diﬁéerent types of Xenogradé;planets.

There are three kihds of alphon behavior: clustered, dispersed aﬁq

.

pulsating. The folléwing are examples of egch:h

CLUSTERED ALPHONS

o

Clustered alphons form tight little
'n:groups'Ln.which two or more of the
#* ‘alphons are touching each other.

DISPERSED ALPHONS -3

- & . -

. Dispersed alphons never touch each
other. - I '

Figure 1 (continued) "

. . : . . -l
. : D <
1 5 : Bt )
. '; : i
’ : .




g Pulsating Alphons alternate B -

between clustered and dispersed ‘

.states. ' : :
- % £ .

- . ’{- ;
?
’:.‘ ) 1)
- & ’
Figurel (continued) -16 . - ’
. v ’ . . v . ' . . .l _ . . .




- SATELLITE DIRECTION |
)»‘
SAME DIRECTION
Satellites may travel in the same . .
direction. ' -
. ; )
|OPPOSED DIRECTION
't
’ Satellites may be opposed ‘and travel
~ in opposite directions., , ’

Figure 1 (continued) 17‘
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CATATONI C |Exanple 1 Cantonlc

o DELTONIC,

ETONIC

T . FIGURE 2.

Y <ENOGRADE DEFINITIONS

E 4 -
. €

s Alphonic

)]

Exanple

Oefinition of :

)Sphorlcal or Lobead
>Partlcqlato Nucl's
)0dd or Even nusber
of Pulsating Alphs
JAlternte, Same, or
Opposed Orbit Dir

Y1, 2, or 3 Sats

Exanple 1 lotonlc

./

Definicion of 7 |-
|

)Spherical or Lobed

Yarticulate Nucl's

JEven number

of Clustered Al'hs

M, 2, or 3 Sats

e ————————————

Oppesed Orbit Dir \
\

.}

. Definition.of 1~
»Spherical or Lobed|
YParticulate Nucl's
d0dd number .

of Clustared Alphs
dAlterntey. Same, or|
Oppeased Orbit Dir

)l. 2, or 3 Sats

Exmlo [ noltonlc

BO)i

Definition of 1

YSpherical or Loudr
Particulate Hucl's
YEven number '
of Disparsed Alphs
dAlternte, Sanme, or
Oppased Orbit Dir
2. 2, or 3 Sats |

a

 Doflnltlon of 1
dSpherical or Lobad|
Particulate Nucl's
Y0udd d

nuaber
ef Dispersed Alphs
JAlternte. Same, .or
Oppesad Orbit Dir

X enograde concept def1 nitions.

2, 2 or 3 Sats |

Altarnte, Same, orf

o\

*FaTONIC

GAMMONIC

HAPPONIC

T

ISONIEE

JUPPONIC

" BEST COPY

- [Exanple 1 Fatonic

Definition of ¢
g
>s»nruu or Lobed|

s Hucleds
No Alphons , -

YAlternating Orbit
Directions
)1 Satellite

—Definition of 1

Tal’ 1 Gammonic

Eammonic] - |
YSpherical or Lobed|

dSane Orbit -
Directions
)2 Satellites

Exupu 1 u»mlc

TO/

Definition of 1
[appenic ]
dpherical er Lebed]

Same Orbit |
Directiens

>3 Satellites -
R

Eﬁ-pu 1 uonu

0/

Doflnltlan of.| B
dSpherical or Lobed|
YHeneoseneus

Hucleus
Ns Alphens

Y0ppesad Ordit
Oirections
})2 Satellites -

3

[Example 1 Jupponic

Ancﬂnitlon“ of 1 .

mmuu s Nucleus
m

)ﬂplostd GrblG
)Innetlm T

. K

YSpharical or Lobed]
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-.Instance selection and prosontatlon dlsplays
Chierarchical’ format). The program ‘controlling these

" CAPTION FOR FOLLOWING PAGE

displays allows for explotation o of“fﬁ_*classuflcation.‘
system via simple branching options’

Instance selector display. This is tho'kéy feature of

+ the program. It°allows the user to create an instance of

any class by selecting a series of attributes. The user
must specify .all the attributes critical to
classification. In addition, the user must specify the.
nucleus shape, an irrelevant attribute for all classes. .

~~._Figure 4 shows the displars for the matrlx version of
this- -program. B ‘ . o ‘

T
h \\

Instance presontatlon dlspTiysT\\Onco fhe user has ~
specified a series of attributes, he or—she_advances tho

- . program to the instance présentation display., This
display contains four components (starting in the upper

left and. procogdlng counterclockwlso)g

1. memory aid summarizing the attrlbutes solected;
2. diagram of the -instance; ’

'3, definition of the class to. whlch tho |nstanco bolongs,

4. menu for solectlng the next dlsplay.

~

-
¥

Example option. After viewing the instance presehtation
display, the menu allows the user to select one of two
options: ‘the example option returns ‘the program to the
selector and allows specuflcation of a new examplo.

J

'Comparlson option. This option returns the program to tho

selector but continues to dlsplay the attributes of the
previously selected example. . In this option, the user. -

specifies the atiributes of a comparative instince and

advances the program again to the |nst1n39 ‘presentation
display (3f§) The instance presentatlon display then
presents the comparison sudo-by-slde with the prevlously
selected example. .




Pross  SPACE iR

T Y e e

Lanples

Lo see EXAHPLE

Lunt g [31umeq : .
-t S .
- El e p— — - a
[ i n
Pmﬂ'mi
Huus "

. [
~ . -
E
[ERSIREN I SIntolon nf
| {l .t x‘:nmu]
]
[ mhe e 27 ne 1 hed
Wor ! rhucl '
thd -
roed viphs
tleurnyg, Lame, or ' .
Neppoced Usbhit Dir -

Press «SPACE HARD> to cra

[

2

B
t

. 13
Y

-

[

CXARPL T

i [41 aur 0]
]

AT I

ur L obed
eenioug Mue eus,

v Iphon .

Pl

>4, 2, or S5ats

Press «SPACE HAR - ec t OHPARTSOM

F ’Ei;,,‘J_'j

[atnpe 1
! ]

[<,['H§I we]  brm

|
ke s

N

UF e,
qUITROT
I

d

PR L [ S

‘




Figure 4.

4 ao

4b.

'CAPTION FOR FOLLOWING PAGE. .

o

" Instance selection and presentatlon dlsplays (matrix

o

format). - : s

N

The matrix format represents the same selection decisions

in the same order as the hierarchical format and requires o
the same keystrokes to ‘execute a given decision. Both
versions of the program independently vary certain

irrelevant attributes, such as the location of alphons,

on the basis of pseudo-randon routines. The number and

direction of orbits-is varied in the same- way, but. only -

for instances of particulate classes. The result of
these variations is a pool of several hundred thousand

|nstances. : N\

In the matrix format of the instance presentation o
display, the memory aid <upper le?t) ‘is presented as an

.abbrevlated table rather than as a hierarchy. The _
example and comparison options play the same role in both
the hierarchical .and matdix versions of the program.
Through the example option, the user may select an
instance to- exempllfy any concept. He or she may then,
use the comparison option to select addltlonal |nstances
(one at a time) to serve as comparisons. A new example
may be selected at any time, or- it may be held constant
while the comparisons are varied. When an example and a
comparison are instances of the same class, they serve as
dual examplés,: allouing the subJect to explore

 within-concept diversity. When the exampl‘ and

‘comparison are |nstances of different concepts, thg
comparison servos as a non-example of the concept. -

.
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Figure 3.

“Sapple classification test display. . ?hoso-displayéa

_certatn portions of the control program for the test were

‘-’ . . .

CAPTION FOR POLLOWING PAGE -
’ e ' o
e e
introduce the ‘student to the classification test,
Displays for the individual test items are identical to
those shown here except that theyx omit the directions.
Thie_test only required students to designate the first
letier of the appropriate Xenograde class. Begause
incomplete at the time of one experiment, studente wrote -
i tem responses on a test form instead of Keying answers
into the computer. ' ‘ ’ S
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AB EST R
3 3 % % 3% .
. |
e IN ORDER TO PERFORM YOUR BEST ON THE XENOGRADE MASTERY TEST, YOU ¢ |
| NEED TO KNOW WHAT THE TEST WILL LOOK LIKE AND WHAT YOU NEED TO )
LEARN. . T

"The test will show you a dxagr;m of a ‘planet-‘system and you 11 be
askgd to type in the name of the kind of planet whxch)the diagram

e represents. : : ) i =
" HERE IS A SAMPLE “"PAGE" FROM THE TEST: R S
o | | - BEST COPY AVAILABLE

L Alphonic ’ ) S
BN : ' : XEHOCRACE = Betomic . _
- . = Catataomc . - -e
SYSTEM X Deltanic

P = FU)P.&;’ R
Eni Her 77w P f’ ‘ - e,

You DON’T have to remember the exact name of the types of planets ;
you’ll be learnxng because each "page“ of the test has a lxst of . ol
names to choose from. , ] o ' PR
~ . ' ) . 4 - . B
. . *
) You [o]v] need to learn to tell ‘the different Kinds of planets apart
S from each other. : ) ) : 'Y , <

E3

<
» —_—— -

’

-

;YOU‘Qg'need to remember the.first |etter of each type of plaqet.”

\ . . H . B

There is a txme limit for each gnswgr, but you canm change your
= answer anytime before the txme is up by sxmply typing in.a new
. letter. :

THE TEST 1S MUCH EASIER THAN IT LOOKS. YOU’LL RECEIVE EXTENSIVE
| . TRAINING BEFORE YOU TAKE THE TEST. YOU’LL m.sd HAVE A CHANCE TO
.~ _TAKE A PRACTICE TEST. | N

FIGURE_ 5




