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ABSTRACT _ .
i The use of Kruskal's nonmetric multidimensional
scaling model for anmalysis of classroom interactiomn data is
discussed. Four distance models are proposed which lead to
nultidisensional representation of single sedquences, sets of
sequences, and behavior categories using symmetric and conditiomal
proximity options of the model. Results of application of the four
models to real data revealed that single sequence and sets of

. sequences were adequately represented in spaces of two or three
dimensions. The dimensions were interpretable as classroom climate
variables and/or affective or cognitive content of verbal behavior.
Relative advantages of symmetric and conditional proximity models are
discussed. {(Author)
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Zj_‘ Sequential categorization of classroom behavior has been an imporient

i'.

I_‘_:'::’ source of data in analysis of the dynamics of classroom instruction for some
::‘; years. A number of category systems have appeared since Flanders' intreduction

£ of the technique, 1% models for quantitstive aﬁalysis of data so produced
have been conspicucusly absent. To be sﬁre, indéi&és sﬁéh as direct~indirect
influence ratios are well known, but these are esseptial]y ad hoc indexes
based on frequency counts of behavior in sets of categories clustered on
what appear to be essentially intuitive grounds. A notable exception to-
“the absence of coherent models is the suggestion by Darwin (1959) that class-
room interaction sequences can be intézpreted as realizations o;‘ one~dependent
(Merkov) probability chains; He derived a series of four likelihood ratio
tests t0 evaluate the hypothesis that two or more interaction sequences are
realizatioﬁs of the same Markov chain.

Pena (1972) reported an empirical study of the applicabity of the
Darwin tests to real data and concluded that long chains were not, in fact,
cne~dependent; therefore the Darwin procedures were inappropriate. ﬁnfortungtely
there were certain logical and methodological flaws in her study which compromised

I3~ this conclusion. Some of the flaws in her study are discussed in another
. L\ .
B’“ paper presented at this convention (Hartnett & Rumery, 1973), and evidence is
presented which suggests that chains of lengths typically ensountered in class-
\'9‘ room situations are, indeed, one-dependent. Applicability of the Barwin
\) #Data and support were provided by Experimental Project 178 of Illinois State
Q University and the Office of the Superintendent of Public Instruction, Siate
of Illinois, Gifted Program Development Section, 1969 - 1971. Charles E. Gray
= and Richard C. Youngs, Co~Directors.
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test-s rrovides 2 basis lTor deferinine whether o or rore l:tersetion sequencer
di,fer and "“ether di”foreice is due to differences '-n the tire spent in ani’
one cate;ory .efore behavior in anotier catepory is ouserved (steady-state
jjrob?bilities) s Uilfereaces in tronsition ~robsbilities indene'zdlent of stel.iy~
‘strte prouaiilities, or éiffirences ia total tie Cevoted 1o ~nv caterory of
tehavior (oceupation probabilitics),

'-,.'ha;*a i.arkov chnins are usec ns rodcls renresaati-iv psycl:olorical nrocosses
such 28 erory, concept 2ttaiment, or the li‘Tce, transitions are ordinarily
retween nypotiietical stotes inierrea 'rom ‘-:ehavior--—no't hetireen discrete classes
of ovserveble behavior. Tt gsoms plausibtle to sugBest that a ;aar_i.ety of dif~
farent internction seguences cbuld jals] n;anilfestntions; of & reduced =et of state
to state transitic;ns. Additionally, the conclusion th2t two Obsérved chains
are dirferent, Lased on appli.catioﬁ of the tosts Proposed by Derwin, leaves
unansuwered the question of how these chairg dif'fer. In principle, the question
of vhetacr two or ore distiict transitions are manifeslations ol 2 single
latonk or nypothetical state transltion, zs well as the question of what latent
c}u:racteristic‘s underly menifest differences in iaternction sequences is
aqenatle to rultifisensiocal scr-linge

- Torgerson (1950)) has tranted sw-1tidineastonal scalling 2s & tro-staze
process. In the .irst stare, erplirieal observations are transformed into
interpoint distances representit.:\;‘gl dissimilarity between observed events or
onjeets, In the second stare, points are renresented in a coordinate space
(usually, but not slrays Euclide~n) preserving certain properties of the inter-
point distances. T:is navar is concerned with application of one normetric

rultidirensional scaling model (Kruskel, 1954) in vnich points are represented
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of the interpeint distances. First, I will discuss two models for transforming

data in interaction matrices to interpoint distances. Then, I will describe
some specimen peéults obtained from analysis of interpoiut distances using the
Kruskal method. Finally, I will discuss some persisting methodologicad questions
and some implications of the method for research on teaching.

The complement of interpoint distance is, of course, interpoint proximity.

Coombs (1964) has identified two distinct forms of proximity.ddta: symmetric

proximity‘data and conditional proximity data. Symmetric proximity data almost
invariable involve relations between elements of a homogeneous set: subject-
by%subject; stimlus-by~stimlus; observed variable—by;observed variable, as
in factor analysis; or, in the circumstances we are considering here, cétegory;
by-category or classroom-by-classroom. Qonditional proximity hata involve
relatiéns between elements of heterogenecus sets: subject-by~stimulus or
classroom«byhcaiegory. Symmetric proximity data lead %o ﬁultidimensional
representation of elements of a single set in an object- or subject-space.
Conditional proximity data lead to multidimensionai represenfation of elements
of two distinct sets in-a joini-space.

The probability of occufence in a classroom I of behavior in category J
(in Markov chains, identified as occupation probabilities) can be directly
interpreted as conditional proximity of classroom I 10 category J. In a
sense, the order of occupation probabilities can be said to represent the
order of fprgferénce“ of the classroom for behavior in various observed cat-
egories. Transition frequencies or probabilities can be transformed to sym~
metric distances following a procedure proposed by Restle (1959). . Following
Restle's procedure, the total number of events in a category (row or column

sum) is considered to be the mumber of elements in a set. The total nurbaer
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of ocenrencos of binary sequences in ¥iich oehiavior in category i is followed
by Lehavior in category J and tie m:rb;cr of oceurcntes of behavior in category
4 followed by behavior in category i ei‘e considered as the muber ol elerents
cawion to gets I and J. ‘the distance I tireen =ets 18 deterined Ly the totzl
nmurber of noncormon elenents: that is,ithe distance betucen sets I ang J is
the difference between the total mmber b7 elerents in the tro sets and the
mrver of elerents comron to btoth sotse \

Data ere obtaiaéd in connccetion t»:i'f?‘: a2 nroject intended io develop a
program to train future tcachers in technzil.ques Jor fostering divergent problen
solvinge lassroom int&act.ions vere recér}-ded in 39 classroom situations in-
volving 20 teacher trainced.. OF these s 10 were students vho had received
treining =2+d 10 ere controlse In each greup, twoe participants were assigned
to each of five grade levels: Ki.ndergarter}%? Grade 3, Urade 7, Grade 10, and
Orade 12, Classroom interaction sessions wére videotaped in the Isboratory
Schook at Iliinois State University and were‘ coded by a single ObserVer _
using an expanded interaction category system (Amidon, Amidon, and Rosenshine,
1969). Of the thirty;\c;;gories in the syatem, nine categorles proved to

be eodable. These are listed in Table 1.
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Estimated occupation probabilities for the nine categories of behavior in
the 39 interaction sequences were analyzed as conditional proximities using -
control parameters appropriate to multidimensional unfolding (Coombs, 196h). ALSY
The configuration producieg the lowest minimum strels,s (S = ,169) represented
the 39 teaching sequences and ninel hcatOgories' in three dimensibns. -’lhe

‘
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configuration éppears in Fig. 1. In this configuration, the points represented
by ‘open circles {(a - %) correspond to the nine interaction categories. The
dark circles represent classroom sessions. The first dimension is defined by
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Insert Figure 1 about here.
‘ categories Factual Questions and Evaluative Student Talk at the positive ﬂ?ﬁ'bl‘ﬂulo
and Praise, Acceptance of Student Ideas at the negatlve extaane {along ﬁith
the "wastebasket" category Silence, Confusion, Begin, End)e The second dimen-
sion is defined by Factual Quelstions and Factual Student Talk at the positive
extreme and Lectures, Divergent Questions, and Divergent Student Talk at the
negative extreme, The third dimension is defined by Evaluative Questions and
Divergen‘b'Questiéns at the positive extreme and Divergent Student Talk at the
other,

It éan be seen that three fairly distinct clusters of classroom sessions,
emergeds The first cluster of 10 sessions located in the fir_'st octant of the
space consisted entirely of controls: three Kindergarten, four Orade 3, one
Crade T, two Grade 10, and one Grade 12. A second cluster, ﬁear the origin
of the configuration, included five sessions: one Orade 3, two Grade T, a_nd
two Grade 12; all controls. The third, near the surface of the third quadrant
of the (I, II) plane, consi;sl_ted of four sessions involving trained subjects
a.d three sessions involving controls. The controls included one Kindergarten
session, one Crade 10, and one Grade 12, The sessions involving trained
p?.rticipants included one each of Kindergarten, Grade 3, Grade 7, and Grade 12,
The (I, IIT) plane separated sessions involving trained subjects from those

involving untrained subjects (Xz =10, df = 1, p<g »005)., The untrained subjects

=N
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conduéted sessions characterized by Bvaluative Questions. Factual Student Talk
and Evaluative or Student-initiated Student Talk. Trained subjects conducted
sessions which werd much more variable iﬁ behavioral emphasis. In four sessions
the dominant behavior was-Divergént Student Talk. Others ranged from nearest

tc Divergent Questions and lectures to al,'gproximatg_hly equidistant from Divergent
questions, Evaluative Quesiions and Evaluative or Student-initiated Student Talk.

Symmetric distances were analyied for 20 sessions in which behavior was
coded in eight categories. Of the 20 sessions, 12 were representable in one
dimension;‘ﬁsﬁall;; involving clustering of six or seven behavior categories at
one extreme and one or twe at the other. -In six of the twelve sessions repre-
sented in one dimension, the lsolated category was-Div‘ergent Student Talk.
Similar conditions were observed in tt-:o-’ and three-dimensional configurations
exceﬁt that fewer behavior categories were clustered two aud three categories
wére isolated respectively in two- and three-dimensional configurations. Ca t~

egories most frequently isolated were student talk categories; The implication
of this gen;aral Itend.ency is that behavior in various student talk categories
tended to be somewhat independent of teacher talk categories.

In this study, it appears that mnltidiménsional scaliné ﬁas not instrumen-
tal in.identifying possible latent states or latent characteristics of individual
ini;eraction sessions. This may have been due to any of several factors. First,
all of the participants, whether trained or untrained, were lnexperienced. The
absence ofl coherent organization of interactions seems plausible under these |
conditions. Secopd; most of the observed interaction sequences were rather short,
and were of somewhat different intent than might be exppcted in "real" classroom

interactions. Third, certain questions could be raised about the general method-
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ology of multidimensional scaling and about specific aspects of this analysis.
Perhaps the most impof%ant generalhmethodological question is whether nec=-
eSsa?y empirical conditions gre'satisfied which may lead to representation of
points in a space with the properties of a power metric. The nature of these
conditions is outlined_in Beals, Krantz and Tversky (1968, They point out tﬁat
failure to satisfy {or even test) the necessary ordinal assumptions cﬁmpromises
the interpretability of multidimensional or takes advantage of random variation
in achieving one. Given that the necessary assumptions hold, and theoretically
justifiable distance functions exist, it is not at all clear that a2 Buclidean
repreéentation is the appropriate one. A city-block representation, for example,
might be more appropriate.
1 In conclusion, it must be admitted that the questions with which we began
remain, in tﬁe main, unanswered. HNevertheless, it should ﬁot be Eoncluded that
the methods are thereby not gseful. The separation of trained and untrained
subjects in the conditional ﬁrbximity analysislsuggests“at least embirical utilitye
What seems to‘be called for as a érucial component is %esting of foundational |
"éssumptions from a coherent theoretical analysis of tﬁe phemeron of classrocm
interaction. Lacking such amalysis and testing, multidimensional-gcaling methods
Care unlikely tolfiSe-above the status of elegant and interesting procedures for

summarizing and displaying data.
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Table 1.

Selected Categories from Expanded Classroom
Interaction Caterory System.

Teacher Talk

a. Teacher praises student or acepts student ideas.
b. Teacher asks factual questions.

¢. Teacher asks divergeat questions.

d. Teacher asks uvaluative questions.

e¢. Teacher lectures.

Student Talk

f. Factual student talk.

g. Diveryent student talk. .

h. Evaluative student talk and student-initiated talk.
i, Silence, coufusion, begin sequence, end sequence.



