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Content Structure as a Design Strategy

Variable in Concept Acquisition

The question of how to sequence instructional material has been seriously
considered and researched during this century (Dewey, 1916; Rugg, 1927; Tyler,
1950; Bruner, 1960; Suppes, 1966; Gagné, 1970; Posner. 1974; R. Tennyson & C.
Tennyson, 1975). Although no single instructional design prescription is
available, there is evidence to show that ;ﬁe content structuce can make a
cepts (Houtz, Moore, & Davis, 1973; R. Tennyson, 1973). As background for
the arrangements of content elements which were tested in this study, the pre-
vious research which has identified variables that are relevant to concept ac-—
quisirion will be reviewed.

In ﬁhg design of learning environments, considerable attention is given

to the ordering of the instructional stimuli (content elements). This fune-
tion refers to structuring the content to facilitateéleafning; In conceptual
learning, researchers have demonstrated that the content structure consists of
a set of empirically defined design strategles (Houtz, Moore & Davis, 1973;
Klausmeier, 1976; Klausmeier, Ghatala & Frayer, 1974; Merrill & R. Tennyson,
1977a; Scalufow, 1975; Tennyson, Steve, & Boutwell, 1975). The content struc-
ture design strategies for conceptual learning include the Eallawin%: (a) the
presentation format of the definition; (b) the relationship of the éxamplas;
(é) the relationship of thé.examples and ncﬁéexamplesg'(dj instances of #éryiﬁgpb
of instances. A sixth strategy which has not been researched in reference to

conceptual learning is the relationship between coordinate concepts having

conitextual similarity.
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The term contextuzlism comes from memory research (Jenkins, 1974), and

refers to the study of the memory process, not in the form of isolated asso~
ciative learning, but rather in a broader form such that the .sources and struc-
ture of memory are studied. 1In concept learaing, the sources and structure
would refer to the placement of a given concept in relationship to other con-

cepts having a similarity of attributes. This relatiomship implies that cer-

tain concepts would be subordinate while others would be superordinate. A

third relationship for a given concept, would be with those concepts which are
placed in the same general location in the content structure. Merrill and R.
Tennyson (1977a) defined these concepts, which are neither suberdinate nor

-ela—

1]
[a]

superordinate as coordinate concepts. The importance of this coordinat
tionship was shown in the reseazch findings (R. Tennyson, Woolley & Merrill,
1972; R. Tennyson, 1973) that nonexamples contribute to EDﬂEEPEéEl learning
if the nonexamples are matched, bj variable attributes, to examples. However,
this previous research was forused primarily om the learning of one concept,
although the matched nonexamples were selected from contextual similar (coord-

inate)} concepts. One recent study (R. Tennyson & C. Tennyson, 1975) has fo-

cused on the learning of contextual similar rules, and farms the basis of the

]

ontent structure variable investigated in this study. That study dealt with

learning. Three conditions of the variable weze tested. In the first condi-

rently such that an instance from ome rule was paired to an instance of the
second rule by matching wvariable attributes. The second condition, random,
was a sequence in which the rules were presented concurrently, but instances

were paired randomly with no attempt at relating one to another. For the

4
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third condition, successive, the ruels were presented separately in a linear
order. The hypothesis was that presenting rules simultaneocusly would faeili-
tate rule acquisition more than presenting the same rules successively because
learner attention would be directly focused on the differences of application
between the rules. The rééulfs between the two presentations were striking;
when the two rules were displayed separately, posttest performance was below
50% compared to 86% performance on the simultanecus condition.

Applying the findings of previous raesearch on concept design strategies,

the appropriate content structure for coordinate concepts would be a simul-

Laneous presentation. A simultaneous presentation would group the instances

of the coordinate :oncepts in rational sets such that each set include an ex—

ample from each concept. Furthermore, the instances within a rational set

would have similar variable attributes. Having similar variable attributes
would focus student attention on tﬁe differences of the respective eritical
attributes. This design strategy has been shown to teach discrimination (e.g.,
chég, Moore, & Davis, 1873; R. Tennyson, 1973). Between the rational sets,
the variable attributes Ehculd‘be different; demonstrating the scope of the
various cogfd;§§te concepts. This design strategy of presenting divergent
variable attributes within a concept teaches generalization (e.g., R. Teanyson,
Woolley, & Merrill, 1972; Merrill & R. Tennyson, 1977b).

Alternative content structures to test the simultaneous sequence, are of

two fgrmsi First, a structure which clusters coordinate concepts into groups

based upan similarity of critical attributes. That is, in coordinate concept
groups which have a range of critical attributes, it is possible to cluster
concepts according to overlapping of the critical attributes. This type of
structure gréuplng termed collective, presents sets of instances which only

include the clustering concepts, ;hus,:the student is not given the opportunity
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to contrast for entire range of the coordinate concepts. 1In other words, the

(=]

student learns to generalize within a ceoncept class, but fails té learn dis-
crimination between the coordinate concepts. This content structure is sim—
ilar to the treatment used by R. Tennyson (1973) when norexamples were not
included in the learning task, and the students failed to learn the concept
entirely.

A Sgcﬁnd alternative content structure is a sg;;gsgiygrprégéﬁﬁatisn of
the ééafdinata conecepts. This sequence was used by R. Tennyson and C. Tennyson
(1975) in studying a simultaneous presentation of contextually similar rules.
The successive sequence presents each concegt separately, thus students see
no contrasting of the various critical attributes. The implication is of
course that students will not be able to discriminate between instances of
coordinate concepts.

Research Hypothesis

The independent variables investigated in this research study were con-
tent structure and management strategy. Fach of the variables were extensions
from previous research. Content structure refers to the sequencing of the
structure is in relationship to coordinate concepts. Three content structure

variables were tested: simultaneous, presenting the coordinate concepts con—-

currently with instances (cne from each concept) presented in rational sets;
collective, presenting coordinate concepts in clusters according to similarity .
of critical attributes, with instances presented in clustered groups (i.e.,
all instances from one ciuster presented before the next); and successive,

first concept presented in their entirety prior to presenting instances re-

presenting the next concept, and & forth. The research hypothesis was that

o | : 6 - .
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presenting coordinate concepts simultaneously would facilitate concept acqui-
sition more than presenting the same concepts either collectively or succes-
sively because learnmer attention would be directly focused on the differences

of the eritical attributes between the concepts.
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Method

Participants

Participants (N = 90) in the research project were volunteer Junior and
senior high school students (male and female) from Apple Valley Senior High
School, District 196, Minnesota. This age group was selected as representa-

tive of students whose curriculum materials include conceptual learning ob-

jectives. They were enrolled in the three general psychology classes which

were offered as electives. Students were randomly assigned to the three con-

tent structure treatments.

Learning Program

The coordinate EGnQéP%S selected’ for this study were the psychslogical
concepts: positive reinforcement, negative reinforcement, positive punish=
ment and negative punishment. The superordinate conceptims consequences of
behavior, while the subordinate concepts were stimulus, aversive (stimulus)
and attrzctive (stimulus). An assumption of the coordinate concept structure
is that when several concepts of a content taxonomy are taught concurrently,
the nonexamples of any one concept are the examples of other concepts of the
taxonomy (Merrill & R. Tennyﬁcn, 1977a). This allows the defining (critical)
attributes of the taxonomy to be standardized and allows the variable attri-
butes to be manipulated by both the examples and nonexamples in a way to fo-

cus on the eritieal attrlbutes wit

fElaElVE impaftance<sf the variable attributes, cause and effect principles,
and other rElaEiﬂﬁShiPS among concepts. Therefore, to establish the critical
attributes of the four psychological concepts and to place the definitions in

an algorithmic framework, three subordinate concept definitions preceded the

coordinate concept definitions. These defined concepts were stimulus, attrac-

tive stimulus, and aversive stimulus. The understanding of these subordinate

S -

th suéh fagtarq as degree af lnstan:e dlfficulty,
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concepts were crucial to the student's learning of the coordinate conc epts
The subordinate concept definitions were as follows:
STIMULUS: An agent, action, or condition which causes a response.

ATTRACTIVE STIMULUS: Ccnd;tloﬁ, DbjEEt, or event which an organism
would "want" or "work for."

AVERSIVE STIMULUS: Condition, Dbgezt or event which an organism will
work to "get away from" or "avoid."

The definitions of the coordinate concepts ware as follows:

POSITIVE REINFORCEMENT: Occurs when an attractive stimulus produces a
desirable (or pleasant) outcome.

NEGATIVE REINFORCEMENT: Occurs when an attractive stimulus produces an
undesirable (or unpleasant) outcome.

POSITIVE PUNISHMENT: Occurs when an aversive stimulus produces a de-—
sirable (or pleasant) outcome.

NEGATIVE PUNISHMENT: Occurs when an av¢f51ve stimulus produces an un-
desirable (or unpleasant) outcome.

Instances used .in the tests and learning p program were written according
to the concept strategy given by Woolley and R. Tennyson (1972; of Houtz;
Moore, & Davis, 1973: Klausmeier, 1976). The difficulty of each instance was
determined by an instance probability analysis (using the students, N = 24,
in the formative evaluation) according to procedures outlined by R. Tennyson
and Boutwell (1972). A total of 88 instances were used in the learning pro-=

gram (40 total) and tests (24 total in each). The instructianal instance pool

contained ten instances of each concept. So, at maximum, a student could have

recaiVEd 40 instanEES before taking the posttest. Each_example contained two .

lines so all of the instances were parallel in length and arrangement. The
instances were intentionally brief, easy to read, and imagistic. Each treat-
ment group employed the same instance pool. The learning program retained the

same response format as the two tests, except that in the program after the

response was made the student received feedback on whether the respounse was

correct or incorrect. 9
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In managing the presentation of these various content structure, an
adaptive control system (R. Tennyson & Rothen, in press} regulated by a com~
puter-based Bayesian probability model, selected the number of instances pre= )
sented to each student based upon the student's pretask and ontask performance
in relationship to the learning objective. The computer system provided in
stant feedback bj responding to the entry with either the warkAgét;ec;,ar the
word incorrect. |

Treatment Programs

The three computer-based instructional treatmeat programs were developed
as follows.

Group 1: Simultaneous

The adaptive control system was used with a simultaneaus presentation of
all four coordinate concepts. The four concept definitions and instances were
ptesented at the same time. The student received the instances in sets of
four--one from each concept. The instances in each ratiomal set were arranged
randomly and no two sets had the same pattern. The adaptive control strategy
prescribed the nuwber  instances needed per concept by use of the pretask
data (premeasure score on syllogisms and confidence rating weighted. pretest
score), and aﬁjusted the number according to on—task respanses: When a stu-

dent reached the criterion level for any concept, that particular concept was
dropped from further sets. The sets reduced in size as the student mastered
the concepts until, after the fourth criterion level was reached:or the in=
structional instance pool was exhausted, the program stopped.

Group 2: Collective

This treatment consis of the adaptlve cantrﬂl system with a collec-
tive presentation of the coordinate concepts. The concepts were clustered

into two groups: pcsitive and negative reinforcement; pasitive and negative

Q : 10
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punishment. The student first received in the learning program as many

reinforcement instance sats as needed in order to meet the criterion level

or until the instance pool was exhausted and, then, received punishment in—

stance sets until he or she reached criterion or the instance pool was ex-

This third treatment used the adaptive control system with a successgive

presentation of the coordinate concepts. The student received the instances

in total sets: first the positive reinforcement instau..3, then the negative

the negative punishment instances. For each concept, the student received as
many instances as needed to reach criterion. He or she was then branched to
the next concept set. If the pool was exhausted before criterion level was
reached, the student continued to the next set. After the last concept,
negative punishment, when the student reached the criterion level or the pool
of  instances was exhausted, the program stopped.

Bayesian Probability Model

A Bayesian aéaptivé model (Rothen & R. Tennyson, in press) was used to
select the number of instructional instances which each student in the adap-
tive treatment groups would receive. The pretask score aﬁ syllogisms and pre-
test score established a prescribed number of iﬂstanceé for the learning
program. .The estimate of. the student's ability to-learn-the concept was
characterized in probabilistic terms. Then, the on-task responses modified
that prescription. Since four concepts were presented, the adaptive program
actually calculated each concept separately. The pretest included six instances

of each of the concepts. The criterion level was set for each concept at total

Aruitoxt provided by Eic:
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mastery. Therefore, if a student answered all six instances of anv concept
correctly he or she received none of the instances for that concept in the

learning program of the simultaneous or successive treatments. In the col~

. lective treatment, the reinforcement (or punishment) concepts were considered

as a set so the student needed to reach criterion on both reinforcement (or
punishment) concepts in order to be branched. If the studaﬂt>did not achieve
total mastery on the pretest, then the iterion level adjusted to suggest a
prior distribution slightly greater thamn .5 to the region above the criterion
level: (w7 /x,n) > .5, (where 7, equals the objective's criterion level,
T equals the students true criterion level; n equals test length, and X equals
student's score). ! &

A member of the Beta class of distributions was selected to characterize
prior learning in this binomial model. 1If the prior distribution is (a,b) and

success in n trials are observed, then the posterior distribution is

"

(xta, n-xtb). The posterior distributions and posterior probabilities of

exceeding various criteria are provided in tables by Novick and Lewis (1974).
Prior to the premeasure, a loss ratio was set at 1.5 so that the dis-
utiliries associated with the error of a false retain were decreased relative

to the error of a false advancement. A high score on the premeasure adjusted

the ratio from 1.5 to 2.0. A student whose operating level was balaw‘that

then genera !. This procedure was reviewed after each response until the
student either reached the criterion level or the pool of instances was exhausted.

Tests and Confidence Rating

The loss ratio for the Bayesian adaptive deel was’ sez from a 30 item,

timed syllogism test (French, Ekstrom & Leighton, 1953). This test was selected

tz. I
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because of the need to measure an aptitude associated with the learning pro-

gram (M. Koran & J. Koran, 1975). Since the structure of the instances re-
and aversive) and an outcome, the syllogism test would measure this aptitude.
For the prior Beta distribution used in the Bayesian adaptive strategy
a pretest was given consisting of 20 items. Studeat test scores and on-task
responses were weighted according to their confidence rating of each answer.

A three choice confidence rating response format consisted of the following:

A. .I am very sure of my answer. NN
3 . 4 Y < .
B. I am fairly sure of my answer. - }

C. My answer is a guess.
Responses were weighted by increasing by a third a correct answer with a very
sure confidence rating and a wrong answer with a guess confidence rating. 3%_

That is, if a student answered an item correctly with a very sure confidence

rating he or she would receive a score of 1.3. Responses were furzhé, w igh ed

by dacteas;ng by a third correct answers id ntified-as a guess confidence
rating (score was .6) or when a student was wro ng but the confidence rating
was very sure (score —.3). The maximum weighted pretest score was 7.8 per
oncept; using the mstery criterion 1evel and nucber of incorrect 1tEms (y0
from the pretest, the Beta distribution form was (7.8-y,y). On-task respgns
ses adjusted this distribution as follows: for 2 correct response the dis-

tribution form was (7.8-y,y z0) (where z is the confidence weighted correct

response); for an incorrect response the distribution form was (8-y z,y).

Facilities e
The study was conducted in the computer 1abafatorirat Apple Valley Senior

High School on January 10-13, 1977. Ten Texas Instrument teletypa computer S

terminals (700 series) were used for the study. Each terminal operated at T

13
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30 characters per second. The terminals were on-line to the University f
Minnesota's Control Data Corporation EADD cémputer. Two assistants helped

Procedures

The learning programs for the three treatments, except for the introduc-—

tion, were presented via computer tgrminali General directions were raad bf

the experimenter, who then turned on the terminals and entered each student's

_,identification number. After iireztigns on @pefatianﬁafuthewtarminalgmstgf o
- dents in éllvsix groups were given a premeasure tésﬁ on sjllggisms. Upon éémri:
~ ple 1on of tﬁe premeasure, students wara dlrectéd to start the pretest.,
Following the pretest, stqdentg were given a copy of tha fou‘ concept. deflni—
tions and began the learning program. The program was nanspéedeﬂ so the stu~ =~
dent could study both the definitions and presented instaneéé as long as
needed. When a student indicated completion of the program and was raady for
'the pasttest thé experlmenter collected the copy of the definitions and antered

the apprépfiatévzommand on the terminal to start the posttest. Students left

upon completion®of the posttest.

ERIC
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.  Results

: Thé‘détsfaﬁ§1Yéié-Eansiéééi-éfué‘mulﬁi{ riate analysis "of variance With
univariate tests on each dependent variabla followed by mean campariseﬂ EESfa

(Student—NewmansKauls and Jleast slgniilcanﬁ différencg) The independent

‘variables were three Eorms of content structure (simnlcaneaus,'ﬁﬂllégtiva,A*£NWM&‘“W

and successive), while the multivariate dependent variables were ‘correct sggra

on the posttest and time on~task. An analysis of variance was used in testiﬂgfi“ o

‘both the effectiveness ratio (pretest score subtracted from the posttest score
divided by time on-task) and the posttest confidence rating. The t-test was

used to test pretest—to-posttest confidence rating changes. Means and stan-

dard deviations for the dependent variables of posttest correct score and time

on—-task are presented in Table 1.

Insert Table 1 about here .

For the multivariate analy sis of variance- test we used as dependent

véfiable ‘posttest correct score and tlme nn—task. Time. gnstask refefg to

the m eagured time period in whlch students ware iuteracting wi;;Aéﬁa learning f"
prag?am;vthls time did not include pretask time or PESEtéSE time;‘ The éﬁst—
‘test Qanéisﬁéd of 24 items, six axamples of each Eoncept. The multivariate o

test on content structure was 51gniflcaﬂt, U(; 1, SS)—.?l Pi 061._ Two Eanﬁ"
tfasﬁ tests were calculated. The first éumpared the slmuliaﬂanus group agéinsg
the collective and é CEESSlverngUPS, and the fest shawed the hypathesiged
diffe:enge, U(1,1,88)=.57, p<.001l. However. gpntrasﬁiﬁg the cgllggtive group'zr
“with the successive group re§ulted in no difference, U(1,1,58)=83, E?;DS;—‘
?élléwing are the results of Ehé univariate tests on each af;&hegg:twa depen=

dent vatlables, as well as the effa;t1v3ness ratio and canfidence ratlng tests.

15
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The analysis of variance test on the posttest EEffECL scores showed a

~ difference on the content structuré variable F(E 84)%6 13, E};ODS. A con~- L

' trast tes; between ﬁhé thrae groups, simultaneaus versus cgllecLive and suc-
cessiva, resulted in a Signlfieant difference, F(l 87) 5.67, Es_ﬂl the

contrast between the c¢ ollegtiva and successive graups was’ nonsignifi;ant

The univariate test ‘on the content structure faf time Qn—task was mon~ .

significant’ CE?.DE). Average pretask time, including the syllagism tast,-
pretest, and 61rectlnns, for all gfaups was 12 9 mlnutes Cﬁu d;ffereaca be—"
tween groups, p>.05). On the Pésttast— tha average-time Spéﬁt ‘was 7 B mlna
utes . (again, no statistizal diffaféﬁaés between groups, E? 05) |

| The fourth dépemdént‘variable rapréséﬂtslan effeccivgness;méasﬁfe of fhg
learning tre at ents. Effectiveness is defined as student ability,ta pérfgfﬁ |
skillfully and economically (Tennyson & Rothern, in press). The effective—
ness ratio was calculated for each studént Ej'subt:acﬁing thé-?fétést score
from the posttest and dix idlng by time on=task- Aﬁ analysis ﬁf va:ianggitést
on content structure was significangj 212,84)23.785 p<.05. iihe contrast test
of means showed that the simultaneous group was ‘more effec viv  thaﬂ éiéhér‘thé

collective or succ9531ve F(1,87)=3. 24 p<.05). The gémparisan between the

collective and successive was ﬁOﬂSlgﬁiflEant (E? 05)

Univariate tests on the confidence rating scores for both the pretest

and posttest were nonsignificant (p>.05). The analysis of var;gnce test on

\w‘

pretest to posttest confidence gain szotés was ﬁonsignificant, B>- D
A t-test on confidence r tlng dlffEfEﬂCES bgtweeﬁ the pretest and pos :test

per group showed a significant -difference (Ei..()i); and average. reporftgd con~

Hh

‘idence increase of 14%. Thus, students reported lower confidence on the

16
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pretest than posttest, but after participating in the learning program, stu-
dents in all. three treatments reported a higher level of confidence; even

though learning performance and effectiveness differed significantly for

the groups.
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Discussion

Investigatéd in this research was theé effect of content structure in
terms af the sequential prese tatiaﬂ order of coordinate EDEQEPCE- Since

previous research on QDEEEPE a:quisiticn has shown thatqﬂisgrimiﬁaticn Baé “’“i

. tween concepts is learﬂed by presenting w1ﬁh Examplas, ngn-examplés which N
share variable attributes, it was hypat‘EEizad that 1earn1ng ;ﬁ@:diﬁate :an- bx

~cepts: could be facilitated by pfégent;ng su&h cgncepts simultagegusly_ Ey

learning coordinate concepts at the same'ﬁime stﬁdéﬁz aééuisifidﬁ ;s’gghaﬁgéd $:  .
because attention is focused on the coﬁtrasting di££erénces béﬁwéen>thé va:iif'r
ous cﬁﬁéeptggi | I | o |

Three séquengas of the content elements were studieé;frfhasé three se~
quences did not rep;esant all passible eamb nations of éhévfguf>¢§§rdinata
concepts used in.the study's learning pfagfam, rather tha three saqueéces
were based upon logica.ly formed relationships hbetween g@ﬁ;gpﬁs'inva,higé
r&réhizalkcgntent»strugturég Elements Gf this structure iﬁﬂiudé tﬁé‘vatiablei
attribgtéé Cagssgiated with'the 5ubéfdinate Q§ﬂ22§t§) énﬂ7Ef1 i 1 "t flbutes.

Also, the thréa sequences could be directly implemented into eclassroom re— 

lated 1§§§ning environments. In other words, the sequences were uot studied

as only laboratory manipulators. On the contrary, the SegueﬁQES fepté%%nt

current curriculum design needs in rega ards to analysis of content for 1éarning
purposes. And, of course, the importance of tesﬁing"methnds for sequencing

of concepts was shown in the sigﬂificant results of this study.

z

\D-
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Each of the three sequences 1ﬁvestigatad ased pravicusly define

for teaching geﬂefal zation within a given concept class-'»ihe instances within

each concept had divergent variable attributes and a range of difficulty. The
difference between the three sequences was the method used to match the exam-— :,;

ples of one concept with examples of the other concepts. Although recent - -
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concept research has shown that discrimination behavior is learned when non-
examples are matched to examples on similarity of variable variables, the ef-

feet of that relationship had iny‘been studied when learning one concept of

a coordinate set. And, for coordinate concepts the objective is to learn to
discriminate between all of the coordinate concepts The three sequences thus

held Eénétant the variable of within concept iﬁstancé felatioﬁahips;;while
maﬁipulaﬁing the between concept relaﬁianshipsi The similtaneous sequence was
structured such that an example from each coordinate concept was represented
in a rational set of instances. Within each rational set the instances had
similar variable attributes, the différencéiﬁeing the critical a;tfibutes.
That the simultaneous sequence succeeded in teaching discrlminaticn is evi-
dent in the posttest results; the stuigﬂtg performed (82%) above the .7 cri-
terion level. While the students in the otehr two sequences had performances
at the 66% level just below the .7 criterion level. In the cgllécﬁiva éaé
quence the coordinate concepts were clustered on the similarity of critical

attributes. And, alt ough the students ware présegtei with the total range

of the coordinate concepts, the clustering method of presenting one cluster

group before another group prevented focusing on the differences between the

non=clustered critiecal attributes. In the learning program used in this study,

tive action (reinfo faamant) aud nega ti,a action

s

the two critical attributes pos

L
e
o
rr

(punishment) were clustered into two separate groups, thus students did

presented the concepts without any matching.
Time on-task between the three sequences was nonsignificant. However,

on the effectiveness ratio, the simultaneous condition was better in terms af
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learning performance and time: required for that learning. Student responses
on the posttest showed that in all treatment groups students classified cor-
rectly the examples from the positive reinforcement and negative punishment

concepts, but th% students in the simultanegus cauditian,.ﬁﬁa were presented -

the cgnl;rast between all the coordinate EDH;:EPLS, classified s:::r:ec:tly the
negativa rainfgrcament and pasirive punishment conc p _ In the adaptive

control system, “the studénts in thé simultaneaus graup féceived a preg: ; d

number ef ingtances per concept, thus as a cantept was 1earned thg instancesf’

from that concept wer limlﬂatéd fram the ratiﬂnal Sets-‘_Aﬂdi'SiﬂCE the two

most easily learned concepts were Pcsitiva reinforcement and‘négative punishé;-f

e

ment, those were dropped ffDm the instruction and ‘the ramaining twa, negative

reinforcement and positive puﬁlshment, were highlighted., Ihié’séq ential pos-
sibility was not possible for the other tv.o seégaﬁgeé. ,It could ba pointed
out that with a callaéﬁive treatment of ﬁegative téinfércéménﬁvéﬁélpgsitive
punishment would be an equivalent sequénge;"ﬁéwavetgvthat arrangement wauldi
be only task specific, not a generic variable. Any PfedEEEEmiﬁéd‘clustgriﬁg
might érEVEﬁEVSUiQESSful learning becavise of individual-diffareﬁaéé inherent
in any given student group.

In summary, this study has demonstrated that the sequencing of content
éleménts is an important variable in 2ufficulum,désigﬂ.’ The implications of
this stud}r3 when co mblned with the previously reviewed concept research, are
instructional stimuli should be arranged to acceniuate both the differences

between the coordinate concepts and the scope of each cancept. A two-step-

- process is proposed from the findings. First, the content sttugturé is de-

te ermined; the three levels of concaptSﬂssuperurdinate, coordinate, and sub-

ordinate--are analyzed with idEﬁElEicat ion of critical and variable attributes.

- 20
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Second, the instan%es are arrangé& in rational sets by'apprapriaté manipula-
tion of tﬁe attributes; within & rational set{';entaining‘ane éxample_f;gm”v
each coordinate éancepﬁsi the instances should have siﬂilarivaiiabié.%tériaf :
butes. This two-step design strategy'pravidés an abjaztive means. for selectiﬂg,:' 
and arranging instructional maté:ials. Certainly, this method would increase |
the effectiveness of instructional materials, énd perhaps decrease thé devélapi '

ment costs by reducing revisions in the formative evaluation process.
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Table 1 , =

Means and Sﬁandard Deviations for Posttest

Correct Scores and Time On-Task

_____ Dependent Varisbles
Posttest Correct . Time
Structure _____ Score On-task _

M 19.7 £ 10.3

sD 2.9 2.9

16.3 . 13.9

SD , 3.0 4.3
Successive
M 15.3 ' - 14.3

Note. Maximum poSttegt score = 24.
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