ED 237 497.

AUTHOR
TITLE

INSTITUTION .
SPONS AGENCY
PUB DATE

 NOTE
kY i-
=PUB TYPE -

DOCUMENT RESUME

SP 023 330

L

Winne, Ph 1,;p H.: Marx, Ranald W.
Students' Cognitive Prgcesses While. Learn;ng fram
Teaching. Final Report (Volume One).

Simon Fraser Univ., Burnaby (British Columbia).

‘" Faculty of Education.

National Inst. of Education (ED),
Apr 83 y

NIE-G-79--0098 :
258p.; For Volume Two, see SP 023 331.
Reports - Research/Technical (143)

Washingten, DC.

ME01/PC11 Plus Fostage.

ral. DbjEEtIVEE' )
ry Education; Learning
s;

RS Academic Achievement; *Behavio
nta

e: *Mediation Theory;

n

*7

*Cognitive Processes; Eleme
Processes; *Leaﬁning Strateq

1
t
,,,,,, gi
Psychological Patterns; uée
Reaction; Teacher Béhav1ﬂr*
Teaching Methods

t _.Behavior;: *Student™
eaahaf Influence;

ABSTRACT
Research, is reported on thg cognitive mediational
pafadlgm which postulates that teachers influence gtudents learning
by causing them to think and behave in particular ways during
teaching. Four studies are reported. The f;rst déscribes five
teachers and their students and explarés, in classroom lessons, the
cognitive processes students used in response to teaching and the
cognitive processes their teachers intended them to use. The  second
and third studies employ analogs of classroom teaching in the form of
short videotaped lessons. These séught to determine if elementary
Sﬁhaal studénts cauld be tra;ned to PEEEElVE and pct on common

th;rd studles to fegular classraam énv1renment5. Thfee majar
conclusions are offered: (1) Students and teachers apera e in ways .
that reflect the med;at;ng rele of students' cognition in classroom
Jearning; (2) Students can be trained to discriminate instructional
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teaching. Methodological issues attendant to the studies are
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ABSTRACT .

h Y o - , i i:’ =

Reseafch reported here is based on Ehé’cognitiue ﬁédiéEiOﬁal
paradigm For research on teaching, which. pastslates that teachers
lﬂEluEﬂEE§SEudEﬁES 1ésrﬁ1ng by causing them to. think and behave

in particular ways duflﬂg teachlng. Theae events may. lead tn

chang&s ‘in ouf’come-variab 135, such as scores on ach;evement

tests. Hence, the effects Gfiteazhlﬁg on 1eafﬁ1ng arg,mgdlaﬁed byx‘
. students' behgvior and thoughts during instruction. o
' ; ‘ L / ) ' -
Four studies are fépéfﬁédﬁ The first describes five teachers
and -their students, and explores in classroom lessons the
lg ) : . . . . . i B Lot
cognitive responses students:report using in response te teaching,

and the cognitive processes their teachers intend them‘tq use.,
The'éeccndiaﬁd-thifd sguﬂiés.emplcy analogs of clasaroom teaching

in the form QE short VIdEﬂEEpEd lessons.’ The, objectives of these .

:studies are t@ dEEErmiﬁE if elementary school students could be

tra;ned to perceive and act on common 1nstfuc;Laﬂal stlnull and

L
whether these operations would facilitate learning. The fourth
“study constituted an extension of the second and third to regular

glaésrocm;envirgnmencs, o

Three major conclusions are offered based on the results of-
these studies. Fir%z, students and teachers operaté in ways that
reflect the ﬁLgﬁatlng role of StudEﬁtS cagnltlan in classroom
learning. Secand, studente can be trained to dlEErlmlﬁatE’
ingtructional stimuli and -to respond with pf3§artgnged cognitive
strategles. Thifd students' ach1eu2ﬁént is partly a function -of
the Dgnltlve strategles they attlvate in respanse to . R
instrucﬁiaﬂal stimuli perceived during teaching. Héthgdalcgical
issuéé attendent to the study of students’ éggﬁgtive processes in

=]

classroom learning are also diszussed,

-

ki
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CHAPTER 1

A Cognitive Medfarional Paradigm i i

for Research on Teaching

TNTRODITCTTION
Far1v Histarv

In 1897, Joseph Rice surprised the world of educationai

Tes

m‘

sarch with his report of an extensive survey that documented
the lack of relation hetween the am@ugf of time students spent in
spelling drill and their spelling achlevement. His publication
was S{EﬁiFicant in two wavs. Fi%sﬁ; it demonstrated that
propositions ahout teaching could he potent influences on both
thesry and practice when they were supported hy systematic
om pifical fnveqtigatian as opponsed to mg?e1v individualigtic raw
experiemnce. Wwhile rational! and emotfonal arguments were leveled
against Rice's finding, there nonetheless was a robustness to his
claims that®was unmatched in ea;1ief and more numercus personal
accounts sbaué instructional effects. Fmpirical meth@ég hecame
solidly established as means Ffor iﬁvést{gat{ng teaching and For
-supporting pgng}DﬁS about teaching effectiveness,. =
Tﬁg second major impact of Rice's article was to raise the
s questfon of why a well-respected and widely practiced teaching
method did not produce ieveTs of achfevement that wereghe1{éved to
be the Tnexorahle product of such Eéaghfﬁgi That an expected
. effect was not observed in data opened up further issues ?Egard{ﬂg
the epistemological status of then contemporary conceptions of
teaching and methodologies for promoting kﬁawTEdge about teaching.
In the six ﬁé:aﬂés that followed Rice's seminal paper,
empirieal research that explored relations among aspects of
tedehing and learnfng was FLnﬁament511v ut{1ftarfa?. Thaeugh many
raesearchers asked why certain instfuct{QHET pract{%es might

. influence ,students’ 1earn1ngi the research was fundamentally a

trial=and=error search for anv socially permissahle teaching

HIJ\

practice that fostered students' achi evement. Though a causal

O
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theory linking teaching to students’ ;fn:ﬁiev&zmétj;t was what

researchers sought, the dominant em%*rffs1 method was
correTational. This search for teacher effectiveness,
irrespective of why such effectiveness should he observed, held
"almost complete dominfon over the conceptions that most

b}

RevieWs of the many investigations in this tradition were
* lezs than éagiﬁiveg The sought-after causal relations between
teacﬁéts' acts and studdnt achievement generallv were unreliable,
weak, and perhaps most disturbingly, sometimes cnﬁi?gr; to ¥
overpowering commitments akbut what teaching shou'd he 1ike (see

Dunkin & Biddle, 1974). For example, Anderson's (19593 meticulous
"analysfs of the studies about teachers' stvles of leadership as
pDEEﬁEiajidEEéfmiﬂaﬁts of students® attitudes and achievement
eroded scientific support for a highlv-valued position manv
educationalists held abgut the superiority of demoeratic teaching
styles, Artenahle EQﬁﬁiusiﬁﬂ in the late 1950s was that research
on teaching had been generally uninformative ahout tedching
eFFecfffénegsi and that the hasis of knowledge 1t elaimed eould
promise 1little for the future.

Not all researchers, haweva%, allowed this growing despair

teaching to fncapacitate their search for understanding that might

lTead to better teaching practice. Twcrmaﬁar developments. appeared
in the IQSDé and early 1960s that -rould sustain bhoth researchers
énﬂ consumers of research on teaching. The %1?st of these was to
deminate the next iS yvears of the field's growth. The second,
while often talked of and approached, would prove much more
elusive.

Tn sharp reaction to the widespread characterization of
_instructional events as molar or glohal, as was evident in
descriptions of leadership éﬁyiés or discovery strdtegles for
teaching, feséareﬁE?s of the 19605 and early 1970s turned toward
~precise hehavioral specifications of what teachers and students
did in classrooms. Flanders' (1960, 1963) * Bellack, Hyman,
Smith, and Kliebard's (1966) svstems for categprizing hehavioral
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interactions in teaching were representative of an'emérgfﬁg
movement toward specificity in the way researchers catalcgzed
variables that might index teaching effectiveness. By 1967, Simon
and Boyer weré ahle to collect nearly 70 d{fferent instruments for
ahsefvingré7assfaam=*nteractién§ Shortlv thereafter, Rosenshine
and Furst (1973) conservatively estimated the numher of such
systems to he in the hundreds. The directions suggested by
hehavioral ohservation sti'l deminate much current research (e.g.,
Gagé,ATQ78; Rvan et al., 1ﬂgé; Winne & Marx, 1977). A

' Complementing this mere fine—grained view of EEEEhihE-EVEﬁiS‘
was a surge In questions raised ahout why and how diserete teacher
behaviors could affect gtuﬁentg' achievement. Two events In
particular seem to have heen major contributors to the eméfgencé
and eventual prominence of calls for theories of teaching. The
first was a gathering of educational and psychological researchers

that led ultimately to the Taxonomy of Fducational Ohjectives

(Bloom, Engelhart, Furst, Hi11, & Krathwohl, 1956). This taxonomy
provided researchers with a greater degree Df'spéciFicity than was
avaiiahle previously For describing students’ learning.  This
system complemented the growing preeision of systems for observing
classroom interaction. But this was not the most prominent effeet
of the Taxonomy, . ) N
The psychological 1aﬂgua%e used in the Taxonomy to describe
categories of learning practfcallv hegged researchers to insert
into their models éflféééhfﬁg descriptions ahcut*haw students
would respond cognitively tn instructfonal events., For iﬂgtaﬂcE;
tzé:;iuil‘@iﬁéi questions were classified {nto hierarchies based on
claims ahout how students responded cognitively to teachers'
questions f(e.g., Aschner, éaTTagBES, Perry, Afsar, Jenne, & Faar,
1965). The ﬁse of language from the taxonomy clearly invited
researchers to spezulatg ahout how students' cognitive responses
to specific teacher hehaviors Auring teaching mfght promote or
inhibit acts of learning and the préﬁucts ;F these acts. Since
these cognitive mediators of instructional events wereltﬁécfeticai
constructs, thelr tnelusion {n models of teaching effectiveness
brought Qéﬂééfﬂsxféf theory into direct contact with commitment-

4
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laden research efforts (Dunkin & Biddle, 1974Y, Researchers now

-had a la guagé for describing teaching that was paralleled at

ieast pa tly by Ehegfleg of learning. {haugh distant from

-lassroom teaching in many ways, rhis' infusion of ﬁgv¢h31ﬁgical

[

jargon into research on téach1ng provided "z Fnundaz1aﬁ for
generating thé@fetltal explanations of tesaching EEE3223Véness

based on behavioral  analyses of teachers' and students' verbal

activities during teachl ng.

The availability of theoretical concepts that the Taxonomy
, Laxonony

provided may not bave been, by itself, a sufficient catalyst for
L

. researchers to create and test theories of teaching in research.
What seems to have insured g%at researchers would attempt to use
theory in their reseafch were compelling arguments made by Gage

(1963, 1964) in the Handbook “of Research on Teaching and in the

widely circulated Waticnal sbciety for the Study of Edu ion

ucsa
-yearbook titled Theories of Learnimg and Tnstruction. In

s proposing a.logical divisicn between theories of learning and
nascent theories of teaching, Gage gave stature and é}edih?lisy to
feseafcﬁ on teaching that availed itself of theorv.

In a context of growing support for research in the form of
grants andrgantfazts? and rising calls for bettet education
emanating from a rekindled social conscience., theories of teaching
were seen as:a sccialﬁne¢éss&ty and a logical next step for many
of the various Ehgcriesaaf 1eafniﬁg developed bv psychologists

(see Hilgard, 1956). As Gage (1964, p. 271) saw ic:

Much of our knowledge about learning can be put into
practice only by teachers. And the ways which these
teachers would put this knowledge into effect
constitute part of the subject of theories of
.teaching. Our positien is that practical appl1ca'ig”s
have not been gleaned from theories of learning
because theories of teaching have fniot been developed
.... Theories of teaching and the empirical study of
“camiteaching may enable us to make b?tter use of our

knowledge about learning.

Having shifted from molar to mciesuist analyses of behavioral

events in teaching, and having adapﬁed a strong psychological

orientation ag a basis for explaining effects of teaching, the

ERIC
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next decade and a half would see researchers focus on generating
" theery in research on teachine.
The 1970s

Precise specifications of teachdr-student verbal intevactions

on the one hand, and attempts to—fenerate and test
ﬁsvcﬁaicgicaiTégfeFEfEHCEﬁ theoretical propositions about cause—
effect relatfions 1n teaching on the other hand, received much
attention in the research aé the 1970s. The former reached an

_apex of ﬂévETQbﬁenﬁ;iﬂ the performance-based teacher education

movement (see Gage & Winne, 1975). The latter remained, for the
t

heiy extensive review of classroom-hased research on

teaching that e@vegeﬂ roughly EHEHBEF{Eﬁ of the Tate 1960s and

very early 1970s, Dunkin and Biddle (1974, p. 425) characterized

EhE'fiéjﬁ'S greatest problem as a "lack of adequate theories of

teaching thar woulAd integraté andrexglsiﬁ'its major findings.” 1In

reports of studies, most researcﬁg%s tndeed offeved nascent |
thepretical pféﬁasitiéﬁs ahout teaching éffézgiv3ﬁéés@ Rarely,

\% " however, were studies dgsigheﬂ in such a;;§§\§s to test one or
another psv&ha’agica11ylnr{2ﬁﬁed theory. As a result, on%y
ainffeéuéﬁtﬁy vere data generated from research on which to hasge
strong theoretical propositions. The end of the 19703 was marked
significantly by the ahsence of Ehé theories called for earlier by
Gage; and more gécéntiv hy Dunkin and Riddle!} Aithoﬁgﬁ the edited

volume Research on Teaching (Peterson & Walberg, 1979) offered

several chapters that sugpested fautés to follow in developlng.
theoretfcal structu;esg the contrfhutors to thls volume did not
vet have the resources to achleve tﬁe goal set for the field '

‘ nearly 20 years eafiiér_ : -

Research on teachfng, however; has not stagnated. The maijor

developments TP research on teaching,during the decade of the
seventies were'methﬁ831ég1231 and metatheoretfcal. Tn a chapter
entitled “Thear# Constructiaon for Reseéfch on Teaching”, Snow
(15731) tackled ﬂ{fEEE]Y!EhE task of developing theories for the
field. Tn a second paper (Snow, 1974), he made several sage

points for improving genera’ methodologv in experimental research

I 20
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on teaching. One of the major contrihutions Snow made in his 1974
paper extensed and elaberated a theme he dealt with in an eariier
paper {(Snow, TQES3§‘Eame1v, a concern for improving the external
valldity of experiments on teaching bhv using “representative
degsigns.” TIn his words (Snow, 1974, p. 265-ARR), “rthe hlggest
threat to external validity mav come when the experiment doas notg
fit the hatufé of the hehavior heing studied and, Furthermqfé

does net inelude the means for discovering this fact.” Since

téaching 1s an activity that takes place 1n an ?ﬁFarmaEianaTI;

rich, a#higuous and redundant environment, experiments must he

representative of this context if thev are to inform theory that
can be not only descriptive, hut p%ESEFfptfvé as well., Snow's
efforts were Followed hy more substantively specific work hy
Berltner (1976}, Wiﬁﬁé;aﬁd Marx (1977), and Tovle (1978),

Bevond criticisms of prior research. these ﬁaﬁéfs provided
concepts and @fincip1es that could serve as stepping stones for
concelving, conducting, analyzing, and interpreting research on
teaching. fﬁ his summarv of "Tmpediments to the Stuﬁ§ of Teacher
Fffectiveness,” Berliner (1976} highlighted a numher of concerns
he had for improving the quality of research within the process-
product paradigm. Among general concerns for statistica?

analysis, the nature of instruments that could Aocument the status

of independent and dependent variahles, and methodnloglcal

prohbl ems fegafﬂiﬁgvfésues such as Internal vaiiﬁftvi he included a
sectfon on the medlfatfon of tea:héf effectiveness through student
hehavior. Two basic meésages appeared iﬁ this section. The first
was that "We are now convinced that the mediating link so
necessary to consider {5 a student's active time-on-task”
(Rerliner, 1976, p. 10) and that "some variahles thought to he

quite important by educationa} theorists are in fact unimportant

to, unperceived, or unpercefvable by students™ (Berliner, 1976, p.
11). In our view, the latter question ¥s a theoretically f*chef
formulation of the fdrmer. Gage Ci??g, p. 76) put it this wav:
"Acadewmic learning time, 1ﬁ the form of allocated and engaged
time, 1z, In a sense, a psvchologically emptv quantitative

concept. We need better analyses of how that time 1s filled, of

21
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what learning processes go on Aduring academic Tearning time.’

Implications for the Project =

kev_aspects regarding the current status of theories of, and

" research on, teachfing.. First, there is now full agreement that

"systematic empirical methods are essential if research {s to

provide data from which theories can he created, tested, and
revised. :

Also, there is widespread, hut not complete, agreement that
relatively precise analvses of the behavioral enviromment of
Eéaéhiﬁz are appropriate for this task (cf. Bronfenbrenner,
1976). Third, theories of learning provide a promising point of
departure for the development of theg%iés of teaching, though we
believe that these are but one family of theories that will- prove

useful (e.g., see also Gall & Gall, 1975). Finally, there 1s =a

. recent but nonetheless forceful call for theory-criented research

tn he conducted in a manner that re@résents }aEHEf than distorts
the phenomena of interest (Snow, 1973).

: Not all intellectual. developments achieved in ghié history
were without cost, however. Tn particular, Gage's call for 1links
Hetween theories of Tearning and theories a% teaching have not
vielded well-articulated, empirical ties between the two varleties
of theories. Rarelvy had research on teaching heen useﬁ§as a bhasis
for generating or altering propositions contained within theories

of TEarﬁ{nég And, hevond a FEEEEdevelgﬁiﬁg theorv of learning

1978), little empfriecal verifigation can be found for ﬂescfipti@ns
of how instructional events bring abauﬁxgtuﬂent’iéafn{ng in terms
of theories of learnfng (Winne' & Marx, 1977; Winne, 1982h).

The cost to theories of teaching wrought éhfaugﬁ p%evtﬂus
attempts to foin them with theories of learning has heen one of
losing sight of fully one-half of the unit that must be coénsidered
in the teaching-learning pfﬁéEESZ Specifically, sets of “teacher
should” principles (Gage, 1980) comprising contemporary,
prescriptive theories of teaching speak only of the teacher. They
fgnore the psychological context within which the effects. of

.



teaching occur, namely, the everpresent thinking in which students
engage as they are attempting to make sense of and respond to the

onal activities orchestrated bv the .teacher (Winne &
Marx, 1979). At present, the box that frames students’ cognitive
activities during Ees:h1ng is relazively empty (cf. Winne, 1983¢).
Recently the process~product pafadlgm for research on
"taaching as described here has uﬁderggné .a logical revision.
Notable among updates to this psfad1gm are what Doyle (1980) calls

adigm,”" or what Winne (1982) refers to

'U\

the "mediating process
cognitive mediatignal paradigm.”" 3oth views postulate

™
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achers do not directly influence student product variables

?

such as achievement. Rather, teachers influence students by

causing them to think and behave in particular wayvs duf1ﬁg the

course of teaching. These intra~instructiopal events, in turn,

utcome variahles. Hence, the effects of

—

teaching on learning are mediated by students behaviors and

cognitive processing during instruction. -
The cognitive mediational paradigm opens up to que tion the
match between researchers' hypotheses about how learners react

ntally to teaching events and the ways learners actually process
s s ,
information cognitively in classrooms. For example, consider a

teacher asking an application question during instruction

.(Hunkins, 1972). Although such teaching ev

en
reliably-in terms of their surface behavioral ;harngEE{sT*tgi
i t

characterizing students’ cognitive responses to them raises

jes. TIf studants fail to demonstrate mastery of the
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test, or if they do not use the process QE;appiicati@ﬂ with new
ntent, researchers usually concluded that
application questions did not promote learning.
Researchers' reasoning about this chain of everits, however, has
- not included an empirical test of whether, during teaching,
n es t

he psychological proc
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researchers assume to accompany application questions. Without
such data te document students' mediations of the teacher’'s

questions or other supposedly instructional events, deseriptions
: 8 o3
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about how instructional variahles affect students’ psyc halagicsi
i

il evement, are

processing of information, and ultimately their ach
FuﬁﬂameﬁtaTIv speculative. f

Fafling to document that géuﬁenﬁs use the @a?ticﬂiaf
cognitive %gépaﬁses researchers associate withia}éivaﬂ
instructional variahle allows several rival hypotheses to be
proposed when t;eatmEﬁEE fail 'to affect students' learning
positively (Winne, 1979, 19823). .Consider again the pase of a
teacher a%k*nz an application quest{aﬂ where some students do not

Aemonstrate achievement on a test item that is directly relaté&d fa

the aﬂEWETAéFlthE question asked in class. First, although the
teacher's application question was appa rent to a researcher, Eﬂmé
gge

students mav not have been attending to the tg,chgf at that
point. Tn effect, these studéﬁks do not experience the
instructional event. Another possfhility 1s that students may
have heard the guestion, but may not have understood how to

respond cognitively to 1t beausé the cognlitive processes the

‘teacher intended were not commumicated clearly. .Other students

may have heard the question and understood the kind of cognition
{ntended by it, hut may have lacked either the required knowledge
to {ﬂseft'*ﬁtn’zdgniﬁivé‘p?écesées ofF the ab11it§ to draw on
cognitive processes percefved ¢ he the kind the teacher
intended. For these students, the application quéstigﬁizéu1ﬂ not
function as the teacher, or the feseafzhér, iﬁ;éﬂded_r Aifgu:ﬁh
possibility is Ehat some students noticed, understood,- aad were
abhle te carry aut the cognitive wnrk to answer the teacher's
§p§1%catinn question bhut, Ecr some reasan, chnse not to do 1it.
These qtuﬁents Tacked motivation or thought they knew a hetter way
to reach an answer to the question. Tf each of these four
possibilities characterized only two or three students in a class,
at least one-third of the class would net be cogn vely
regpaﬂdiﬁg toé the application question in a way theorized E? the
re%esrcher or i1ntended hy the teacher. A recent gtuﬁv by Dillnﬂ
(1982) emplirically confirms that, at least for each single EtuﬁEﬁb
who does provide an overt, ohservahle ansver to a teacher's

question, the odds are 50-50 that the answer reflects co gnition
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attributed to the question by the researcher. Thus, it would not
be surprising that some students failed to learn what was
expected, bf‘éhat mean achievement in such a class was not higher
than a comparison class which was not asked application questions
(Winne, 1979).

wa postulate thatr some teacher behaviors directly influence
students' cognitive processing of content during feaching. These
cognitive ?fDGESSEE; in turn, determine whether students learn in
arcord with teachers' intentions and researchers' models of how
learning takes piacea Since these cognitive responses are central
in determining ''what is procested, how it is processed, and
therefore what is remembered" (Rothkopf, 1976, p. 116), they are

ssential elements in theories 6f teaching and in research derived

i

i

en
rom these theories.

If the coghitive mediational ﬁgdei is correct, research on
how teaching affects learning will need.to ihéﬁgei Specifically,
in many previous investigations researchers have stressed teacher
behaviors and, to a slightly lesser E#EenE§ student behaviors.
Both were treated as direct causes of students' learning. The
cognitive mggiatianal model will require thdh\ research explore how
students perceive learning tasks (Weinstein, in press; winpei&
Marx, 1979) and what they do ;agﬂiéiveiy to bring about leafniﬁg

based on these perceptions. Such research also would need to link

" teachers' decisions about how they intend to direct the cognitive

processing students should use to learn from teaching (Shavelson,
719815, teacher behaviors that communicate these intentions to
students (Peterson, Swing, Braverman & Buss, 1982), students' -

percéptions and use of cognitive processes to learn ‘from teaching

(Marx, Winne, & Howard, 1982), and students'’ behaviors. that inform
teachers how well students are progressing (Marx, 1978).

Rich theories and their attendant bodies of empirical

findings e help fill these lacunae. They exist partly in
the Iitéé,;ufe on the paychology of learning. Along ?ith gggg and
others (e.g., Calfee, 1981; Doyle, 1978, 1980) we think it
necessary to draw upon this litéraﬁufe, specifically the

burgeoning research and theories of cognitive learning, to inform
J%



Aanﬁ éqﬁ{ch=cﬁeaffés af EESQh$ﬁé. To Ao this so as to advance:
prescriptive instructional theory, we also helieve that research

E

questions must be cast- and methodologies must he 6evé1qped in the
spirit of Snow's (1974} call for representative desfgn.- But,
before this research fs bhegun, it shoul?d he documented Ehat-tﬁat vl

cognitive mediational paradigm is worth pursuing. We turn to this
. * . -,
task in the next section.

.

VTABRTLITY OF THFE COGNITIVE MEDNTATIONAL PARADIGM

Tﬁg‘méééls that guided research on teaching over the last few
e

- decades have undergone significant transition. TIn the last

) section we provided an overview of changes regarding the adoption
of emp{riéaj mEFhﬁds, the %héfpéﬂfﬂE-EF focus for viewing teéaching
events, the call for 1inks to theories of learning, the argument
far;%epfasentagfve methodologv, and attempts to integrate these to
build foundations for generating theories ahout téazﬁing.. In this
section, we present a more detafled picture of the transition from
a process—product paradigm that characterized the vast majority of
previous research on teaching to a cognitive mediational
paradigm. This newer paradigm elahorates and focuses more
précisely on questions %haut relationships. among iastructional

events in classrooms. and students' achlevement by making use of

theories of 1eéfn*ﬁgi

Research on teaching conducted in the last two decades was

strongly influenced hy conceptfons put forth in the Handbook of

E

Research on Teaching (Gage, 1963). Dovyle (1978) recently

summarized the process-product paradigm that characterized a
sﬁnthégig of thgée views. FEssentially, ﬁhis ﬁaigﬁ{gm was
concerned with predicting the ﬁégfee to which particular teaching
events would correlate with, and ultimately control, the precducts
‘of teaching defined as students’ attitudes and achievement. But,
as we demonstrated in the previous section, this focus on teacher
behaviors delivered during fnstruction and measures of student
learning obtained after fnstruction has hegged the question about
Ehé;pSYEhD1DE{CEI responses students made to teaching during )

% i

instruction. : ~
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The influence of methodological behaviorism (e.g., Skinner,
1953) helped remed®ate this deficiency by Eﬁcaufaging researchers
to document more precisely the behaviors in which students engaged
during lessons. Thus, some observation instruments employed In
process—product research on teaching began to catalog both teacher
and student behaviors in the context of teaching. But, very

{ittle data has accrued that has validly linked students'

behaviors to the cognitive processes that researchers favored as
the explanatory mechanisms to account for teaching effects.

As process-product research began to vield findings that
violated researchers' commitments to s ive psychological
mechanisms linking behavioral events in the classroom to tudents'
subsequent achievement, questions were raised about whether the
process—product paradigm could illuminate the means by whiech
students' achievement might be influenced during teaching. Dovle
(1978) and Winne and Marx (1977) summarized theselquestigns in
their reviews of research up to that time. Doyle focused
fundamentally on the ‘three paradigms lahbelled process—product,
mediating process, and ecological. Winne and Marx argued for
including in resesrch on teaching perspectives that took into
account teachers' cognitive processing, students' cognitive
processing, and bidirectional behavioral interactions that were
the medium for teachers and students to communicate ahout
cognitive processing students could use to learn from teaching.

Doyle's and Winne and Marx’'s characterizations of

deficiencies in prior research on teaching raised questions about

. how validly behavioral events occurring in classrooms wvere mapped

onto theoretical constructs which these behavioral events were
bélié{%ﬂ to entail. For example, in his discussion of the
mediation of teacher effects through student behavior, Berliner
(1976, p. 10) stated that "intermediate l1inks in the causal flow
(between teacher behavior, students' cognitive processing, and
subsequent learning) require us to examine the ‘students' attending
and information-processing behavior.” 1In other words, the
process—product paradigm was not fepresentative of the range of

phenomena that characterize teaching and learning. “Tnformation

Y
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ahaut students fwas) confined primaril+v to scores on pre=test and

post—test schievement measures. Even %ﬁen data ahout students

classroom bhehaviors are available, the Eenﬂency in the past has
been to deemphasize this evidence in interpreting findings"
(Dovle, 1978, b. 167).

The Problem

of Students’' Cognitions

Having raised the question about the role of students’

it. Tn approaching these two ohjectives, considerahle Tight was
shed ‘on the difficulties which plasgued fésesfch on teaching
conducted under the guidance of the process-product paradigm.

The faet that researchers had to ask the question of how
students respond cognftively to teaching events suggests that they
had -heen overly optimistic-in assuming an isomorphism beéween the

ways in which thev thought learners were reacting mentally to

teaching events and the wavs in which learners were actually

thinking in‘classrooms.
Tt 1s not surprising that students' achievement failed to

processes researchers were attempting to promote by teachers' use
of different teaching hehaviors. These same cognitive processes,
however, constituted the foundation on which researchers were
attemptﬂgg to create theorles of teaching. When a researcher's
assumptié%s about the occurrence of these processes does not
correspond to their gctual use by students, theories of teaching
necessarily will suffer from a lack of construct validity of
treatments (Cook & Camphbell, 1979). This was what plagued
research that grew out of the process-product paradigm. But, a
loglical argument ahout the mediational role of students' cognitive
pTQEéSEES'{ﬂ TEa?n{ﬁEsfrzm teaching 1s not suffifelent for adopting
the cognitive medfational naradigm. Fmpirical quesfians remain as
to whether these phenomena exist and whether their importance can

he demonstrated.

13
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Evidence for the Cognitive Mediational! Paradigm

In order for the foregoing argument about the mediational

role of students' cognitive processes to be supported empirically
£ £

-
representations of their environment, rather than passively react
it. Presumably, in an environment such as a classroom where the
activities are purposive, this active construction of knowledge
and skills is bounded by the goals of instruction. That is, one
would not ruct Cagﬂ?tiﬁé fépréseﬁc tions
of ﬁhé conten instruction that are not in some way related to
the teacher's presentation of this information. Thus, a first
necessary the validity of the mediating
process paradigm is that udents perceive the occurrence of
specific i such perceptions are not
attained, likely that students would engage in
the deliberat e of cognitive processes that the teacher

Many areas of research about teaching provide evidence that

T
oliciting, and reacting behaviors, Winne (1977: see

terson, Stayr@ak,xﬁ Winne, 1979) used
ion methodology Lo examine aptitudes

tudents attended to theilr teacher's use of

s
these behaviors. There was clear evidence that students
shaviors -hat made up the experimental

e
_treatment were_ associated with the actual occurrence of those

events and with students’ aptitudes. Fo
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dimension of reacting, students' attitude toward the sub

g

atter, their general ability, and the acgual degree to which the

teacher engaged in reacting behaviors

T
which students characterized their teacher as having used these
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EE&EHEE hehaviers. Thus, Winne found that, in addition to the
actusl teacher bshaviors used during instruction, students'
perception of the occurrence of those instructional events during
teaching was associated with their aptitudes.

Tn another context, Weinstefn, Middlestadt, Brattesani, and
Marshall (7980) documented that students perceived their teacher
to use several specific teacher behavior variables A{fferentially
when interacting with high and low achieving students. For N 7
example, students inacicated that, relative to high achlevers, Tow
achlevers tended to be the recipients of negative feedback and to
he directed more by the teacher while performing thelr classroom
activities. Also, high achievers were juﬂgéd hy students to he
given more chofces while accomplishing their academic tasks, and
to recelve statements bv the teacher indicating that more was 7
‘egpeﬁted of them in academic performance.

Tn contrast to Winne's (1977) study, this one suggested that
students also can percelive the existence of relatively glohal
teacher behaviors im the context of teaching. These two studles
fointly illustrate that students do attend to occurrences of
particular teacher behaviers during iﬂiéfuéti@n_ . The fact that
Winne found students could recognize the occurrence of specific
behaviors embedded in a large fFacet of teaching suzgests that
students may he able to .perceive hoth discrete events as well as
clusters of related activities in teaching. That studentg’
aptitudes {nfluenced the degree to which they noticed these events

suggests that conditlions under which students may notice these

events could vary. The study by Weinstein et al. documented that

students also can perceive global characteristics of classroom

teaching. Thus, the level or complexity of teacher behaviors

‘ investigated by the mediating process paradigm probably can span

the range of Instructional events currently being researched 1in
the fleld of teacﬁiﬁg effects.

A second -necessary question to he asked of the mediating
process paradigm s whether students' perception of the occurrence
of teacher hehaviors actually relates to thelr subsequent

achievement. A study by Stayrook, Corno, and Winne (1978)

a0 o,
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interviewed the studcnts about their participation in the

lessons. The students' responses to queries about the functlons
of teachers' questions were categaf{zéd according to what the
students understood about whv the teacher was asking particular
questions. For example, 36% of the teacher's quéstiﬁﬁs about
which students were asked in these {nterviews were classified by
the students as providing an opportumitv for the teacher to_teach __
further information while students were responding. To sﬁezulaﬁe
on the cognitive pracés%eg students might -helieve were intended 1n
this context, students might believe that questions were Intended
to create for them a set to he used for receiving Information
following the question itself.

Students were also asked about nheir unAérstanding of the
functions of praise. TIn 59% of these incidents, it was reported
that the ;gacher's use of praise indicated that.a studenﬁ had a
correct response or a good idea. Agaiﬁ; speculating on cognitive
processes that students might use in this context, praise could be

a signal efther to store in memory the immedlately preceding idea,

a

special way because it would be useful-later in the lesson. TIn
either case, from the '‘point of view of the cognitive processing of
students, praise can bhe seen as carrying informationa? -ralue as
much as, i1f not more than, carrving motivational va'u ¢ f.
Rrophy, 19R1). '

Tn addition to other findings in these studies,’ there exlsts

evidence that students infer meaning for their cognitive

teacher behaviors. Héwe?éf, there still remains a fourth question
which must he asked in the context of the mediating process
paradigm in érder to accept it as an appropriate characterization
of students’' learning from teaching. Tf students attend to the
existence of teacher hehaviors, i{f thefr perception of these
-hehgviérsvfs related to achfevement, and’ furthermore 1f students
interpret these behaviors as signals that cértaigazagﬁitive
processes he engaﬂeﬁ, one still must be able to demonstrate that

when all three of these events occur, learning can be influenced

17
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when stude tive processing ‘s ceutrolled in regponse to
teacher behaviars. The issue here is whether students' cognitive

processing of content, when cued by teacher hahaviors, can bhecome
an Independent varfahle in research on teaching. This is
egssential in order to propose and test theoretical claims ﬁh@uf

7<g§usalaj1§ksrbetween students’ méd'

-

that the answer to this question is affirmative. Koopman and
Newtson (1981) performed an experiment in which thev instructed

university students viewing a videoataped lesson to focus

M
]
[}
J
m
o]
=

the smallest steps of the lesson that seemed natural and
. meaningfuf to them, or the largest steps of the Tesson that seemed
natural and meaningful. These researchers attempted to control
participants' perception of the videotaped teacher’'s héhavi@f hy
instructing them to focus at either an atomic or a molar lev

Koopman and Newtson found that these mple instructions affected

Jﬁ

the participants' description of the instruction. Thus, students
watching a videotape as if thev were participants in a tesson wvere

able to control the level at which thevy attended to teacher

behaviors. Also, there was an fndication that lessons which

encouraged relatively atomlc perceptual analvsis produced greater

TESfﬁiﬁg than lessons that encouraged meore moalar analysis.

Overall, then, these findings suggest that, not nniv is 1t

cantrol their attention to teache

o e
behaviors, but that certain kinds aF cognitive responses to

teach{ng are associated with achievement. However, since this was

effece, it falled to ﬂacument a clear relationship hetween

pula iﬂg students’ cognltive processing In response to teacher

behaviors and subsequent 1earﬁ1ﬁg.

Twa other studie es d

emonstrated that iE is possible to
influence stuﬂéﬁts' ognitiv prccessing *n response to

{instructio

[

ueg, and that su:h influence affects suhsequent
achfevement. In a study using uﬁivergitv students in a lecture

s{tuatfan Winne snd Marx (19303 successfullv instructed students
v i «F
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Though the observed effects of training on students’ achievement
site to the hypothesis, this study
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response to instructional objectives. The general conclusion
drawn by Winne was that students could be trained to make specific
responses to instructional stimuli, and that, with respect to

subsequent achievement their prior aptitudes sometimes influenced
f

learning by focusing on the cognitive responses that students make

19
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to teacher behaviors. Given the logical argument and the
available empirical evidence justifying the viakhility of the
cognitive mediaﬁ%@ngi paradigm, we {udged that an exploration of
teaching as mediated bg students’ cognitions was appropriate.

The series of studies undertaken in this proiject focused on

geveral issues. First, what intentions do teachers hold for their

]

students’ thinking during instruction”? What {is the range of these
cognitive processes and how do teachers working in their
elassrooms communicate these intentions to thefr students?®

Secend, what teacher behaviors do students perceive as conveying
{nformation about hew to think during teaching, and how Ao thev
{interpret these signals® Third, can students be taught to
perceive pre-arranged signals in teachers' behavior that
communicate intentlons for student thinking, and to carry out
particular cognitive ﬁearniné strategies as responses to these
signals in the context of classroom teaching?

We approached these three questions in a series of studies
that began by studying natural teaching in intact elementary
school classreoms. Our ohjectives for this first study were to
document teachers' views Egééstudengs"vieus about teaching as a
means for influeneing students' cognitive processing of currvicular
content. In particular, Héiaskéd teachers to Aescribe the
intentions they had for students’® cognitive processing at varying
points in lessons, and to identify the hehaviors thev used to
communicate these intentions to their students. Then, to ¢rgséz
validake and extend the picture of students' cognitive mediation
of teathing as painted by teachers, we interviewed students to
discover whether they were aware of the hehavior that their
teachers had ﬁescfibed; and whether their understanding about how
Qufricuium'wag to be processed cognitively matched the teachers'
intentions. 1In addition, we sought to gﬁentiFy conditions of

teaching and of students' cognition that influenced the degree to
procegsing they perceived their teacher Tntended.
The next phase of the project experimented with procedures

that would modify students' perception of fnstruction and increase

20 é?s;
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Fa
their ahflities to execute coenftive strategles we hypothesized

14 gnhanc

12l

thair achisvement, Twn controlled experimental

i

hv viewing videotapes of highly structured recitations. Although
most students had worksheets available during these lessons that
summar{zed the material to he learned, only some of them had heen
trained previously to coordinate instructional cues delivered
during the teaching with cognitive pfﬂceising and written
manipulations of information to be tested. Thus, these studles
explored the Adegree to which students' intra-lesson cognitive and
pvert responses to teaching could be directed by signals glven
during teaching, and whether these mediations of teacher behavior
wefe related to achievement. |

Building on the methods and findings of the three preceding
studies, a serlies of five concurrent parallel experiments were
carried out in the third phase of this ﬁfoiécc_ These experiments

involved careful ohservations of participating teachers' natural

-

us

of cue= for students' cognitive responses. Based on these

M

o

bservations, a program was devised to train some students in each
of the five elementary classrooms to raspond to thelir own

sacher's signal for carrving out an adaptable sequence of
cognitive and written activities. There were three purpcses for
these studies. The first was to test whether procedures that
characterized the earlier highly controlled éiﬁéfiﬁentsiﬂould be
adapted to the dynamic milien o} recitation lessons delivered
under the conditions nf evervday teaching in elementary

classrooms. The second purposa of these studies was to explors:

for influences that students’ aptitudes might have on thelr .

learning. Tn particular, we focused on gontrasting‘gtudents who

used their naturally developed responses to Instruction with
others who were trained te respond to teaching as thelr teacher
intended. The third purpose of these studies was to investigate
whether students whe had been trafned to make certain pre-arranged
cognitive and written responses to thelr teacher's signals learned
more than their untrained peers using untampered-with learning

strategies.
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THAPTER 2

Students' and Teachers' Thoughts About

[l \I'"l'

Strategies for L

i

arning from Teaching"

INTRODUCTION
One of the major objectives of this project was to describe

z=spects of the cognitive mediational paradigm under conditions

Ehaﬁ repfeseﬁted rather than distorted the behavioral and

n
o
]
e
i
rr
e

ve écalngv of classrooms. Thus, the source of data for

cognitive mediationa
that these analyses were reflecting actual events in the preceding
lesson, the pf1mary stimuli for cuing the teacher's analyses of

these events was the videotape of that lesson.

A small group of students was interviewed

Ci
]
n
[
I
g
b
e
pb
]
r
[y
i
m ey
o]
™

ssible after the teacher interview ab
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o ut t1
f incidents that the teacher had analvzed because he saw them as

instructionally important. Incidents were chosen to obtain some

]

rom each of the beginniﬂg,_middle, and end of the lesson. Again,
to anchor the students’ analyses in the actual lesson that they
had just experienced, the vide

about what occurred during te3:hingg Audiotapes of these two

interviews became the raw data for our aﬁgiyses of the cognitive
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B The purpose of this study was to explore the cognitive
responses students made to teaching, and the cognitive processes
their teachers intended them to use in tvpical classroom )
lessona. One ébjéﬁzive was to document how students énﬂ teachers
saw cognitive processes as mediators hetween teaching events and
learning. When such mediations were reported, our qgcaﬁé
objective was to identify whether students’ c@éﬁftive azctivities
were congruent with their teacher's inteﬁt§ﬂﬂszféf how students
should think. :

Documenting these mediationa) phenomena in their natural
setting provides a possible link between theories of cognitive
learning and theories of teaching. Tn this regard, a table of ths=
feiative'imp@ftanze or frequency of all thé.cﬂgﬁiEiVEvprDEESSEE
intended by teachers and engaged by students 1s less important
than evidence that such events oceur. Thus, frequency counts and
distributions of occurrence of these phenomena are néiﬁbéf central
to aur’pﬁf§353 nor appropriate. As a cénsequence, this study
departs substantially from typical classroom observation studies
that have Ead as their goal the quantification of variables anAd
the determination of statistical relationships among them.
Moreover, because we cannot be certain that all pcssihie
categories of {ngtrucﬁignET events were represented in our sample
of lessons, the data reported fn this first study should not bhe..
viewed as an exhaustive list &f the cognitive mediational links
between classroom teaching and learning. At this point 1n -
feseafsh'shautiche cognitive mediational model, if we can
demonstrate the occurrenge of cognitive mediational 1iﬁk5‘hetween
teaching events and learning, we believe that experimentation

based on the paradigm is warranted. We leave to future research

’ the task of ﬂccumenéiﬁg.a representative "state of nature”

regarding students' cognitive processes during classroom learning,
and the means by which tedchers signal their {ntentions about

these cognitive processes to ‘students. ‘However, in the studies to

' be fépgfﬁéd;iatéf; we will take up questions about the actual

effects of students' cognitive mediations of teaching on their

achievement..
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Parti ciEanE%

Teachers. Three male and two female teachers from five

different schools in two suburban school distriets in the
metropolitan area of Vancouver, British Columbia volunteered to
participate in the study. Two taught grade seven classes, two
taught grade five classe 1
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ly. Second, at these grade levels, most

curriculum areas are taught -by the same teacher, thus providing a

basis for generalizability across teachers, students, and

For reasons of confidentiality,
this report for all the teachers. To further guarantee
confidentiality, all references to the teachers will involve male
pronouns (determined by a coin toss

The follewing descriptions of the teachers and their

classrooms are intended to paint the h
data to be described later were collected.

Mr. Acton. Students in his class normally were seated in
groups of four at tables organized in V-shaped rows. Some
students had a clear vigw of the front of the room and the
blackboard, while others ‘had to turn in their seat whenever that
art of the room was uSed for- 1n5tr sction. Students had their own
places, but they were free to move about the room as the lesso
required.” There were also.three or four areas around the side and

back of the room for small group activiti
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school.



Being in the school is like being in a heehive. There seems

responsibilities and was acting principal when the regular
1

was absent, He is an outgoing person who is invelved in

During instructional sessions, Mr. Acton maintained a relaxed

atmosphere within fairly highly structured activities. Students

were well aware of what was considered appropriate classroom

behavior. Basic ijECElVES and methods for lessons were planned,

could Explcfe_tapizs in more depth. Mr. Acton demonstrated an
awareness of the students' learning abili 1
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encouraged all students to participate in the.,]

another with learning tasks.

Mr. Anderson. Mr. Anderson has taught hoth elementary and

high school. He is very involved in school projects, and assumed

some responsibilities for the principal. He alsc is involved with

T =

. . : . Y i PR .
his students in several extraéEUfﬁgculaf activities such as sports
: # y

and :dancing. ) ; i
. Only partibﬁ Gf the chasﬁgéaf;iciﬁated in a lesson while
= h ; 3
ith

apparent in
in that he set-

, e 1
ned the aCE1V1t1EE, and did most of the

determi
: As the 17, on progressed, he used questioning techniques
to involve students in d;scusslng the topie and to check their

understanding. This sometimes evelved into student—centered’
activities. Mr. Anderson's lesson formats varied predictably
according to the subject being taught. For example, science

udents in experimenting, while health was a lecture-
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note taking format. He usually checked with students individua
m corrective feedback,

1z
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as thev worked, giving th

the s 1s characterized by a bhusy mood
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actively participating in lessons. Mr. Anderson is

encouraging to students, often joking with them. He

7e11, and used his knowledge of their ahilities and

determining who to ¢all on during lessons. Students
E)

s55ume re

]
o

p

nsibility for their behavior so
ass is generally cooperati

ive and well-diseipliued.

ann. Mr. Lehmann is a personable, authoritative and

the high school level before making the transition into elementary
school, where he now teaches é grade five class of eighteen
students.

%he school operates a French immersion program in which

students are educated in the two official Ianguagés of Canada from

"temporary" structure situated about 12 meters from the main
building. There are windows facing the playground on one side of
do .

the.: room and blackboards on the opposite side. The student

]

are arranged in rows in the middle of . the room facing the

blackboards. The room is filled with student drawings posted on
the walls and their poems hang from the ceiling. 1In o
4z room, videotaping qu1mment is set up for use by Mr. Lehmann

and his students. .

Mr. Lehmann maintains a very structured and orderly

classroom. The climate can be characterized as one of mutu
respect, with both the teacher and the students enjoying their
[#]

]
oM

days together. He plans and prepares lessons ahead of time and

o an instructional process he acqguired
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while taking in-service courses on Tastructional Theory Tnto
Practice. The sequence of activities used In all his lessons
included the following: sponge exercise, anticipatory set,
modeling, guided practice, monitoring, time framework, raising
level of concern, active participation hy students, paraphrasing
by studente, accountability, and closure.

purfng the first two weeks of school, Mr. Lehmann taught

these procedures to his students and explained their purpose. A

]

a consequence, the students are ahle tno follow Mr. Lehmann's
instruction and understand his expectations regarding their
hehavior in the classroom.

When teaching a lesson, Mr. Lehmann assumes responsibility
for éxp1ain1ﬂg, directing and goal-setting. Halfway through the
lesson, these responsibilities shift to the students who are held
accountahle for their learning and who are expected to participate
actively in the lesson, giving and learning through paraphrasing.

Mr. Orr. The 29 students in Mr. Orr's grade five class sat
ar individual desks placed around the perimeter of the room. Most
students had a clear view of the hlackhoards situated at the sides
of the room. The open center area of the room was used for most
of the formal instructien and for small group activities. A large
room adjoining the classroom was also availahle for art and small
group activities. Bulletin boards, walls, and doors were covergd
with the results of students' projects on a variety of toplcs.

Twenty-five of the students participateﬂ i; the res._arch
project. Most of the wideotaped lessons involved the total

class. TFor a few lessons, those not involved werz given separate

ingﬁructiﬂn in another room by a student—teacherl —— —

Mr. Orr's lessons were planned to combine presentation of
material, student clarification of new information, and
application {ﬁ a task carried-out by individuals or groups. The
teacher displayed a keen awareness of each student's learning
abilities and needs, and an ngiaus enjoyment of teaching and his
gtudents. His special {nterest in art and audiovi sual materials
meant that lessons were colorful and thdt a variety of visual aids
often were used. Although the lessons were quite structured, Mr.

Orr showed flexibhility in allowing students to Ekﬁla}e concepts or

30 43
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ideas in which they showed interest, even when this had not been

planned as part of the lesson.

During the lessons, he moved about _he room encouraging

iy

individual students to participate, checking that those who
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tv were grasping ideas, and giving a great

ad
deal of positive responses to all of the children. The students
a

Mr. Richmond. Mr. Richmond is a high eneégy, verbal

‘teacher inservice,

Tn the eclassroom he stresses the need to attract stude

nt

‘m‘

irticipated eagerly in learniug activities.

dual whose enthusiasm for teaching is apparent. Seeming to
an active professional

a
e the classroom with various invelvements in sports and

attention, almost seeing himself as an entertainer as well as a

st i =
While he 1s friendly to his students, he also 1is clearly a

disciplinarian. He expects students to act responsibly, oft
leaving them to work unsupervised. They respond well to Mr.
R

Richmond's trust. . .

Mr. Richmond's planning for each lesson is detai
t

1
Folbow a regular Format of relatively teacher—centered recitation
1

shading into lectures. These are fo lowed by di on o
grau§ activities where Mr. Richmond makes himself available
answar questions and clarify a 1 h
to monitor the progress of individual students and provide
persanalizéd feedback to ;hem: His

i
dEﬂEEfaElE, élthcugh he assumes tgtﬁl respo ﬁ§1b111ﬁv fcr dec

tSﬁﬂsrdS QF 21355 work and :h3351hg Eufriculum Enntent

Students. A total of 113 children participated in 149

interviews over the course of the study. Informal consent was

nteractive style is usually

obtained from the parents or legal guardians of all participating

children. These interviews were conducted by individual research

e
assistants with groups of 2-6 students. Children were randomly

selected by their teachers to participate in the interview
T

ew
sessions, and all participating children in each of the five



least once. Seventy—six children were

P

classes were interviewed at
{nterviewed twice and five were interviewed three times during the
ten weeks of data collection. Since we attempted to have at least
three children In each interview, snmevthi]ﬂren participated more
than once due to small class sizes In some cases. A tahulation of
the number of students interviewed in the different classes and

grade levels {s shown {n Tabhle 1.

Videotapes. ‘Fifty classroom lessons were videotaped over the
period of the study. Ten tapes were made of lessons by each
participating teacher. The lesson content varied across
méthema;ics, seclence, language arts, and socfal studles. The
length of the lessons ranged from approximately 25-45 minutes..
One of the 50 videotapes was lost due to equipment failure.

Audiotapes. Auvdiotapes were made of the teacher interviews
and the stuﬂéﬁt interviews. For the teacher interviews, 48
recordings were made in total. One tape did not racord bhecause of
machirde fallure; a second was lost. For the student interviews,
49 audiotapes were successfully completed, one was not recorded
due to machine failure. .

+ Interview materials. Logs were kept by the research

“asg istant duriﬂg the videotaping of each lesson. Part of a log
entry was a meter reading on the videotape corresponding to
teacher behaviors which the research assistant {fudged as likely to
{nvite lor otherwise involve students in cognitive responses at ;
that paint in the lesson. To identify these incidents, the
rggearch assistant had to be able to postulate a reasonahle or

- possible mediatiﬂgzcﬂgnitivé process in which students might~r
engage in response to the instructional event. Preparation for
this task wag_acgémplishéd through simulations prior Ea the start
of data collection. Along with us, the research assistants
watched éidéatapeg of lessons used 1n our teacher education
program. Together, we speculated about mediating cognitive
processes that the teacher might be siEﬂai1iﬁg, and discussed the
reasonabl eness of these speculations. A brief hehavioeral

description of the event and the research assistant's speculation

32
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Acton 7 12 7

Anderson 4 27 ) A
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cessing completed eagh entrv in the log.
events were candidates for analysis during the teacher interview.
For the student interview, a structured format, reproduced in

Figure 1, was designed to standardize the quest tioning strategy
e

.ognitive mediational processing during instruction while
ting their inexperience in describing these sorts of
v t level the interview schedyle was designed to
elicit as much specificity as possible ahout the student's .
: u

dent's own words. When students

m
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[I, Figure 1).
Following an introduction, the schedule began at Level T by

soliciting students’' perceptions about velatively global co
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o
Noll
~r
o~
“
e

proceeded to Level IT, the research assistant framed questions
c

that probed more deeply students' perceptions of the

processes possibly supporting their participation in

- ’

instruction. Following this level, the questions sought

on about qualitative features of the instructional events
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the "lesson (Level IV). ‘Finally, the students were asked to
Tif

Fucticnal evenﬁ and its

W
\I“l

liational processes (Level V); and to
t

lesson. At each level,

e
orporated in the schedule to permit its
t



id wou understand the material up £o herel
‘ b ]

1
Ho i
i -
N | Can you tell me what you were having
. trouble undarstanding?

Dpid vou understand why the teacher was . 77
Yeas ; Ho !
. P N E’ - ,i"? <
Why J1d he/she da char? Do you think the teacher wanted you to be
| L ; thinking in some (other} gpecial way that
- . would help you to understand {(learn)?
Yex L

What was rhat way Na H
of thinking? .

' 4

[ . - —

eycle chrough Levels ILI

T T - 5 IV for each posirive -~ ~ ~- —relating, R
response guessing, asking, repeating, using a
special way to learn)
i

“Clarity J:

Was Ir clear tu yuu that you were supposed co be thinking that way?

Tus l' Na L
What made it so clear? How mighpbzhe teacher have made it clearer
- . I that you were supposed to be thinking
7
! ?

‘r—_.
' Ll

-
Do you chink chat ___ " helps vou learn (understand, remizmber)?

Yes

[ —
%
o

-
How dees it help vou? Why not?

-

How de you learn by dolng

L N %eﬁ&a; the material to yourself, i
. * ke up a little SEOTY, «ac:..)

Eg Dld you know what would lappen next?
'LJ' - How did you hoow that?  What told you?

(i? i NUlky: Be sensitive to whether the current guestioa has been answered already in the

E (4] : student's answers to previous questions. If se, skip the quesation.
e

C

ot .

LE-

= Figure 1. Student Interview Schedule
= ,
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gsame for all teach

sssistgﬂt for the duration of the study. After initial centact

had been, made with the volunteer teachers by the principal

the project, attended all
insure comparability with

one instance was the backup person required

to collect data.

Data collection began in the third week of February and was

completed by mid-April for three teachers,
the other two, as shown in Figure 2. This

s1latien of sessions on the part of tea

Thee procedure for data collection in the

e
assis tan; went to the sc

video and audio equipment, and a checklist
Then she videotaped the lesson and took brie
instructional events that might be analyzed
iﬂEEf?iEH;-Eg described earlier. After the

assistant took approximately ten minutes to

and by early May for

for its o

=rs. At the scheduled time, the research
ool with the videotape equipment and set

1ing or during recess.

es for setting up the

atio

'U}

notes about
during the teacher
lesson, the research

move the playback

equipment to another room and prepare for the teacher and student

. intervievs.

o
o
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question, where the teacher's ch
construction is 1n
complicated mental
research assistant
noted in the log if the teacher

cidents. I

Pt

variety of salient

ﬁ
r that he should not inven

cognitive mediatio

During the interview, the a

tended to signa

stop the videotape at points where

ater define as 1instructional

-asponses (see Results section).

iscussions was a higher order

a particular svntacrie

£
idents to engage in a

b
I
1]
rr
~
—

analysis or synthesis. The

r
= S
m
\r-‘-

videotape at points she had
passed over a large number or
t was made explicitly clear to the

t an analvsis of his intentions

[

nal responses when he intended

udiotape recorder was turned off

her the tesacher

=
-
(]
10
M
-
™
=
i
a/

while ‘the videotape was being viewed. Ther

or research assistant stopped the vi.eotape to analyze an

=
pe

structional event, the audiotape recorder was turned on. Each

time rthis occurred the videctape meter rea

ssistant or the;'e

discussior ective segment on the
videotape. These numbers, and brief notes that identified the
intention being discussed, also were recorded on teacher interview

The surface features of the interchange between a teacher and

the research assistant varied somewhat from the analysis of one

¢ident te the next. 1In all cases, however, the goal of the

w-

ecise a dESEflptlﬁﬁ

H

analysis was to ohtain from the teacher as p
ﬂ:wthh he intended

1se to his teaching. Som et1mes,

ompting or requests

tant. However, when

91
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of rthe structured interview for students (see be

I's
in ways that directly structured the teacher

intentions for students' cognitive processing. This procedure was
iised to reduce the chances that the researchers' b

influence the teachers self-rt

£
that support the validity of this procedurs, nor any reliability

data which indicate that research assistants selected the same

tvpes of incide ents for teachers to comment upon.

- The teacher interviews ranged in

]
It

g ength from 25=50 minutes.

At the end of each interview the teacher was asked to identify
""" nstances from the log about which he recommended the
students be interviewed. In some cases (about 15% of the
lessons), the teacher was unable to identify certain instances as
being more appropriate than others. In these cases the research

assistant selected incidents which she judged the teacher had

interview. The research assistant spent

[

after the teacher interview preparing

n-u .
]
pt
']
s
o

materi tudent interview. Usually, three
te four studen

t
s were interviewed at a time, although occasionally
slightly larger or smaller groups of students were involved in the

interview due to factors not under the research assistant's

39
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‘audiotape recordings, student

-m,

first names were identified.
Also, the number of previous iﬁtefviéws each student had been
nvolved in.was logged. Whenever students were 1nter iewed for

the f

o

they were informed of the qupDSE and procedures

\H‘ "
)
i
)
m

The ressarch assistants were given a written statement which

they parapﬁtssed te introduce students to the interview

o
b
s
g
13
ICL
=3
"'11
VLﬂ
=t
L
[x]
o}

nsisted of mutual introductions in the group and
a brief des:ripcién of what would be occurring during the
interview, i.e., viewing the videotape and answering questions
about how they were thinking during the lesson. Students then

wvere

]

hown preselected u1de tapS segmencsg beginning a minute or
more ahead of the actual e'e,t ,Q\bé analyzed and usuall

geveral seconds beyond the event so that they could re-experience

-~

~Ehe “Eanitext "in - "hith”thé”éVEﬁf;ﬁfEu%réd;—'Aﬁalysi5w§€*each

‘During the first week of data collection, questi

fa ¥
-
[»]

i re r the remaining
nine weeks, For the first event to be analyzed, one student was
chosen randomly. This student responded to the entire set of

interview questions about tha instructional event before

t
interviewing other students abaut'thak‘incidEﬁti However, to
insure that other students' aﬁaiysesécf this event were not
forgotten or lost, the others in the group were invited by the .
research assistant to add thaughts cf Ehéiflaéﬁ after the set of

H

1
group when they had different answers to the interview
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questions. This pfdgeduré allowed a fuT{\r’ﬁgE of student
responses to be obtained with the greatest pq§51ble efficiency.
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When analysis o
assistant random

the interview
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Whenever

ot fecafded on the

f the first incident was complete,

a
1ly chose one of the remaining students and began
afresh following the viewing of th
possible within time constraints ch'keeping

n the group -served as a

nt was interviewed about a siﬂgle iﬁ tructional

interviews, the playback of videotape

b
s
o]

audiotapes, but reference
nounced as the
19}

t was about to be recorded on the audiatape. Not

or
Teacher intervi

s
]
Ll
=

ure

u
separated and rearranged,

iews on buff cards for easy iden

written form.
ise they could ‘be maintained iﬁ their original

as the analysis !
ews were typed on WhlEE cards and student

£

\l-"-
\H"‘
,..‘
o]
=]

accurate, verbatim tvanscriptions of the .

speaker.

Data Analysis
v

Fir the rese

Ddu21ng the interviews in a consisten
nserting pun:tuatlaﬁ and 1dent1f i ng changes in

f data represented by.the videotaped less
stimulated recall

t ‘these lessons progressed through three stages.
ts' field notes and the transcripts

*
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teacher and student Interviews were examined while we watched the
videotape of each lesson. In addition to getting an overall
impression of the lesson, we made notes and preliminary
interpretations about the behavioral interactions the teacher and
students displaved in the lessons and commented on in the
interviews. We also studied the teachers' descriptions of the
cognicivéﬁzggzzggés they intended their students to make alongside
the cognitive activities students described In their analyses.
The goal at this stage of the analysis was to he as inclusive as
possible in representing the behavioral and cognitive features of
the Iinstructional milieu as these were represented on the
videotape and retrospectively described by teazheré_ana their
students. Any reference by a teacher to {ntended cognitive
responses for students, or by students to a- thought process they
used in response to some aspact of thé lesson was noted in this
first stage of the analysais.

With theseﬁgaces, the:v{ﬂeﬁtape of each lesson was viewed

agaln and analyzed to identify parallels and similarities among

tudents'

]

the instructional episodes, and the teachers' and

descriptions of these episodes. The intent for this stage of the

.analysis was to produce a descriptive system for classifying

instructional events in terms of hehavioral {nteractions and the
cognitive processing described by participants relative to that

interaction. To allow comparisons of one Iinstructional event with

were describing.

The final stage of analysis involved classifying the products
of stage twa. Varlous schemes were considered with respect to:
(1) their abllity to capture the fighﬁess of the original lessons
and reflect the deseriptions provided hy teachers and students;
(2) the relative distinctiveness of categories within the system;
(3) the linkage between the category labels and existing
psychalagicai’thecfigs; and (4) the ahilitv to recreate the
'éatégary‘sygtem when Tndex ecards on which the descriptions were

written were shuffled and resorted.

U
<
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REGQIMLTS
On each occasion where efither a teacher or student remarked
that a particular cognitive process was involved in learning from

teaching, we assumed that something in the teaching enviromment

. signaled that the process was to be used, We labelled these

signals instructional stimuli (IS). Each instructional stimulus

was assoclated with at least one, and sometimes several, cognitive
responses that a teacher or a student described in an interview.
Conversely, teachers and students often associated several
different instructional stimuli with one kind of cognitive
response.

When teachers 1dentified an instructional stimulus during
their interviews, they were asked to describe how they expected
students to respond cogaitively to this cue. 1In other words, we

asked teachers to descrihe how they tried to manage students’

cognitive processing at kevy points in lessons by thelr deliberate
use of Instructional stimuli{. TFor these occasions where teachers
described instructional stimuli, we also asked the students
whether the teacher wanted them to be thinking in a speclal way
(see Figure 1, Level II). Thus, we collected stud&nts’
interpretations of the cognitive processes they assoclated with
the instructional stimulil thelr teacher had {dent{fied. From both
points of view, then, a cognitive response asseoclated with an
instructional stimulus was one the teacher intended students to
use, either as the teacher described the intention or as students

perceived the teacher's intention. Therefore, we called cognitive

responses to Instructional stimuli intended cognitive responses

(ICR). The pairing of an instructiohal stimulus with an intended
cognitive response constituted what we label an instructional unft
or an I5-TICR unit.

The cognitive mediational éafadigm 1s based on a premise that
students' cognitive processing mediates the effects that teaching
has on students' learning. Tn our terminology, intended cognitive
responses act as a filter, an amplifier, or a bridge hetween the
instructional stimul{ teachers use while they teach and students'
memorial representations of the curriculum they construct during
teaching. To reflect the central position of these paychological

43 96



events, we organized the interview data according to intended
cognitive reapouses as they were described hy students and by
teachers. :

Three major categories of Intended cognitive respanses to
instructional stimuli were identifled, each of which had one or
two further levels of specification. The first category was
orlenting which referred to directing or redirecting students’
cognitive processing to content or activities in a lesson. The

second category was operating which entailed cognitive

se. The third category, consolidating, described intended

cognitive responses that would enhance storage and retrieval of
information or feelings. The full classification system
describing intended cognitive responses that we developed is
presented in Table 2.

Most intended cognitive regponses had three features. One
feature related to the type of goal toward which students were
working or to a cognitive product that was to be achieved as a
result of cognitive processing. Two illustrative types of goals
are feelings and problem solving strategles. An example of a
cognitive product would be an appraisal of one's work such as "T

did very well at x.” A second feature concerned the size of the’
gosl or the amount of Information to be P?DEESEEd;: Some {ntendeqd
cognitive responses pertained to relativelv simple Tnstructional
goals or a single item of information. Others required major
shifts in memorial representations of content or the affective
climate of the classroom, or large quantities of information to ba
manipulated. The third feature pertained to the immediacy of the
intended cognitive response. Sometimes, students’' cognitive
processing wasitg occur at the same time as the instructional
stimulus was used. Other instructional stimuli informed students
ahout cognitive processing they were to use throughout a lesson.
Yet another version of {mégd{agv occurred when an instructional
stimulus that cued cognitions appeared early in the lesson, but

the cognitive processing {tself was to take place later.

o7
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T.

A,

Affective States:
~ to promote engagement with lesson activities because
these activities are erjovahle, they satisfy curiosity,

1. Fngagement:
—= to eliecit positive affective states as a side effect
of enegaging in an activity.

?. Arousal:
=~ to increace or decrease anxiety, or other affective
states,

Tdentifying Content:

- to orient toward specific content to he learned. .
1. Macroscopicafocus:

—-= to create or to elicit a cognitive structure within
which more specific lesson content could later bha
Tadaged,

?. Microscopic focus: -

== to attend to a %peciFiﬁ item (as opposed to larger
units of content) to be used efther immediately or at
a later point in the lesson.

3. Multiple microscopic items:
—— to attend to' several specific ftems, as in
microscopie foecus.
Cueing Procedures: -

- to cue procedures to follow in developing and acquiring

‘content presented in the lesson. The teacher's intention
: to he literally identified in the instructional
SE1ﬁu1u§.

T
m

1, Rehavioeral interactions:
—— to direct to an overt, behavioral interaction for
controlling cognitive aectivity.

7. Fxternal materials:
~= to refer the student to material external to the
student's memorv that would facilitate cognitive
processing. ' '
3., Acquiring content:
-= to orient to cognitive processes applied 1h working

memorv.



4. Storing content fn memorv:
-~ to prepare to transfer the contents of working memorv
to long—term storage.

TT. Operating: the way :tuﬁéﬁts think during instruction to achieve
the- intended products, such as recognition and comprehensinn.
A. Comparing:
- to compare items of content tn support acquisition of
that content.
1. UInspecified comparing:
—-= to engage in a general comparine procedure that would
distinguish a cued item from onther items of content;
similar to microscopic orienting.

fadd

. Comparing codes:
-— to facilitate students' acquisition and tnmpréhens{ﬁﬁ
of content by having them compare the meanings ' that
accompany different wavs of coding Ehéf_ggﬁfggi-

. Comparing attrihutes:
-— to compare attributes of two or more concepts.

4, Usling rules:
== to apply rules developed in the
instances; to compare the step
aspects of a particular insta
was applied.

esson to new
n a rule with
to whiech the rule

B. Generating:
= to generate a new code for representing content: to
generate new content using procedures or TAaformatio
provided In the lesson.

n
-
1. Generating codes:

== to create alternate rvepresentations for information,

2. Generatineg rules:
-=— to create a schema that provides a structure for

genefatiﬁg a product.
C. Using Metacognition:
= . to think ah out cognitive processing and the fE§u1E§ of

that processing.

1. Monitoring:

.—= to examine the cognitive pf@t@ﬁﬂfés nsed to produce
answvers to questions or hvpotheses.

2. Appraising:
=— to evaluate the state of knowledge and monitar the
emotional response to t st

ITT. Consolidaring: practi
Tetrievability of cont
already achieved comprehension of content prior
consolidation.

ce designed to promote sto
ent. Students are expecte
i
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o
rized the intended cognitive responses they described as

students' level of arousal, pfegumablv to some Dptimal level for

students' engagement in Iaafniﬂg rather than being a result of

what Ehe? would learn. Fféquéﬁﬁlyg teachers had students give

£

subsequenﬁ tasks. At these times, teachers referred to aﬁtivitiés

that were "fun" as leading to engagement. For the most part,

students did not notice instructional stimuli intended to orient

E

them toward engagin at would produce enjoyment.
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Most children said they focused only on the task posed by the
=]

.teacher. Very few understood that the activity per se was '

designed to make them "enjov" the lesson. For example, Richmond
demonstrated his own enjoyment in a lesson by raising his hand in

an animated manner to answer a question he had just posed. He
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One

it
m

the lesson and thereby enjoving their partieipation in

t.
atudent oriented to content instead of affect. He thought the

teacher was galng to answer the gquestion. A second studen

fo

t
h

ey

m Lo

[a ]
I

oriented to procedures. He thought this was a signa

put up his own hand. Neither student viewed this instructional

leason.

\n]:h

ne case, an instructional stimulus intended to

o

In at least

oyment through engagement actually pfcéuced

orient students to enj
anxiety. Richmond started one lesson by stating a performance
objective that would involve students in applyin g a rule to a

v
real-life problem at the end of the lesson.. One student responded

L

as Richmond had intended by predicting his ask would be easier
because he could see how the lesson content related to his

personal life. He was motivated to engage in learning content

that would be presented later in the lesson.

Researcher: Why do you think Mr. Richmond would want vou to

know what you were going to end up doing?
Student: Well, it's easier to learn when vou know what

you're going to make —- sort of like making a model; so you
just put the pieces together if you know what vou're going to

make first.
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A second student r

Richmond's objective appeared complicated, he panicked.
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"This is what you're gonna do, you
measure a tree and how you do it outside,'" and 1 get scared
because 1 dan t think I'm gonna be able to de that ... Sp,

if vyou're gonna go outside and measuie it, it

.

you know,
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sounds so CDmPliéﬁEédité me, and T'm scared, and T Jjust
quiver a lot, because he — well what happens if 7 won't be
able to do that? 5o T kind of wish he doesn't do that right
at the very start. You know, 1t's just kind of hard to do,
because it does scare vou a Jot.

Researcher: 1T see, so it has a different effect on you,
especially if what he says you're going to be able to do
Seems to you to be something you might not be able to do, and
you think you'd be more relaxed and learn hetter if you -
didn't know.

Mike: Yeah and then he'd say, "How about you guys go out and
measure a tree,” and I say, “0Oh, D!K., it's a challenge” ——
but 1{f he says it at the start, and then I domn't pay
attention, I'm trving to catch everything he says and T get

confused.

In general, when these teachers used instructional stimuli to
promote orlenting to an activity that was intended to craate
positive affeez as a cognitfive product, the stimuli did not
function aé intended. This seems to reflect studentg’ )
misunderstanding of the immediacy aad the goal of these 1intended

cognitive responses. Instead of leoking forward to an activity

task or the task as a procedure. Rarel& did students antiecipate

positive affect that might result from engaging in the task.
Arousal. Orienting students to engage 1n a lesson by

increasing their arousal was cued most frequently by a teacher's

intended to orient students’

1]

use of the word "test.” This wa
attention immediately to lesson content or to procedures, and this
effect was intended to endure throughout the lesson. Students’

orienting was consistently cued when teachers gave this classic

arousal. However, thelr understanding of how to go about learning
material for a test was not enhanced by arousing them. On only
one occasion did the instructional stimulus also help a student
identifv content: he sald he should orient to "hafderde“ in

upcoming parts of the lesson.

i
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¥elithar teachers nor students reported that orienting to

achieve afausa% was likely to pfaﬂu%g an effect that lasted beyond
the {mmediate lesson. However, thigrcazﬁi:ive mediational 1ink
was a strong one. Teachers and students were well aware of
instructional stimuli that were intended to orient students to
engagement hy increasing arousal. Often, teachers did not intend
students to make these links consciously. Tn some ways, the
instructional stimuli were to evoke arousal like a classically
conditioned response. By this, we mean that the teacher's
instruction serves as a conditioned stimulus Iintended to evoke a
relatively unconseclous response from students regarding their
current affective state. We speculate that teachers may he
unintentionally establishing long-range affective traits in
students as a by-product of their relatively immediate Intentions
for orienting instructional stimufi regarding students’
motivation. That these rarely were mentioned can he construed as
evidence that these considerations almost are taken for granted,
1ike an involuntary response that follows the presentation of a
conditioned stimulus. Here 1s one example Richmond provided when

he was talking about his introduction to a sclience lesson.

Researcher: .So you wanted them to just pay attention?
Richmond: T'm hoping that they tie this activity, this
really happy, positive fun type activity in with anatomy, so
that when they think “ana;am?!f-thév think that it was fun,
They don't specifically know what happened, T guess, ahout it
that was fun. All they know is we did something ﬁ%at was

really a lot of fun.

Tdentifying Content

¥

Intended cognitive responses wherc students oriented to
content in the lesson were grouped in: - _hree categories that
varied according to the amount of the information. These three
groups were macroscopic content, microscopic content, and multiple’
microscoplic {tems. Orienting to content usually was viewed as a

first step for other cognitive processes like compare or generate

i
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that are discussed later. Orienting to focus on macroscoplc
content almost always was intendad to endure throughout the
lesson. In contrast, both kinds of microscopic focusing were
intended to have immediate and short—lived effects on cognitive

processing.

Macroscopic focus. The purpose of orienting students toward
macroscopic content was to create a cognitive framework that they
could use to organize more specific content that would be
presented later in the lesson. The instructional stimuli that

cued macroscoplc focusing occurred at the beginning or very early

[
fa ]

in lessons. , some instances, the framewbrk to be created was
not directly related to the toplc of imstruction, as was often the
case for Lehmann in his use of "antlcipatory set.” 1In his case,
anticipatory set frequently was followed by a brief activity,
e.g., having small groups of students (2-3) discusa with cne
another the defining characteristics of a toplc introduced within
the context of the anticlpatory set he had provided. TFor
instance, Lehmann began one lesson by désérlbing & parking lot
with its many parallel lines into which cars fit neatly. He
intended this instructional stimulus would orient students to a
rule to write neatly with each letter occupying a uniform space in
a word, like cars parked between lines in a parking lot.
Occasionally, these instructional stimuli resembled advance
organizers (see Ausubel, Hanesian, & Novak, 1978). For inmstance,
Richmond sometimes opened lessons with a question. This
instructional stimulus was intended to orient students to
information in the lesson, to help them encode it, and gﬁmetimeé
évéﬁ retrieve 1it.

Students usually failed to interpret with accuracy
instructional stimuli that cued afienﬁing to macroscopic
content. For example Acton started a language arts leason by
reading a paragtaphi intending students to infer characteristies
of stories that required inference making. However, all three
students we interviewed perceived they were to agalyze the content
in the introductory story. 1Instead of nrientiggyta global aspects

of storles, thereby producing a framework for content to be
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introduced subsequentlyv, the students oriented to microscorpic
items in the story Acton had read.

In another case, Anderson intended macroscopic orienting to
be students' response when he asked them to give illustrations of
a particular concept and then selectively recorded some of thelr
answers on the blackboard. He intended this ta guide students in
genaerating a cognitive structure for content to he introduced
later in the lesson. The student interviewed was not aware of

Anderson’'s iatention for this Iastructional stimulus. Instead, he

L)

tried to memorize the microscoplic 1tems written on the bhoard
rather than creating a macroscoplc framework.

When the purpose of an instructional stimulus was to orient
students to macroscopic content, thevy usually tried instead to
learn the miecroscopic content being presented at that time instead
of creating a larger structure for later material. T1n other
words, students often focused on the immediacy of the cognitive
reaponge, mistakenly thinking 1t should bhe applied to tﬁé content
that would emerge later and treating this éagnit{ve product as an
enduring guide to subsequent cognitive processing.

Microscople focus. TInstructional stimuli that cued students

to orient to small bits of information required either an
immediate cognitive reaponse or one that endured Eh;aughaut the
lessen. When Acton's students were listing examples of a concept
while he was writing them on the board, he abruptly asked the
students for attributes of the concept. He intended to orient
them to these mieroscoplie pleces of information so they c@uid use
them to retrleve more examples.’ All three students interviewed
found this confusing. They were busy wondering why the teacher
changed topics so quickly instead of orienting as Acton had
intended.

Question~and-answer exchanges were tvplcal settings for
microscopic orlienting that was intended to Tast throughout a
lesson. For example, Lehmann asked students early in a lesson to

describe the concept of prime numbers. He wanted them to orient
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fractions. One student failed to

[#]

ient hecause he could not
remember what a prime number was. Undaunted, he listened te
another student's answer, believing it would be important

something later in the lesson. Another stu

answer exchanges occurred in Orr’'s elass. He was rephrasing .
students' reasons for placing examples in one or another category,

ntending that students would orient to the specific eriteria for

[
m

per forming this task. Both students we interviewed said this was
exactly what they did. Moreover, one student said that Orr's
rephrasings provided a model for his answers that he could use

later in the lesson. This is evidence for an enduring effect at

[

[P
=1
)
[

both m
nli

CTIOS

scopiec and macrgsecpi; levels.

o

el
o
[y

e orienting to macroscopic content, instru

were introduced early in the lesson, before content had been

developed. 1In contrast, some content and a context had usually«

responses required students te identify more than one miéEGSEQPiE
item of information and then operate simultaneocusly with the
multiple items. Although this aften entailed procedural cuiﬂg
that we déscrébe,]ater, several incidents are included here

because they emphasized microscopic content identification. This
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lustrates the difficulrc

e
o
-

1
ing some classes of intended cognitive responses.
1i that cued orienting to multiple
microscopic items sometimes were the simplest we ohserved, For
example, both Orr and Acton used obvious cues on the chalkboard

or using celored chalk), intending qtudents to

(e.g., underlinin

iy

identify a concept and its attributes, and to compare this concept

11
with some other concept. Students consistently attended to these

1w

cues, but they had less success matching their cognitive responses

to the teachers' intentions. In a lesson on fractions in which

Orr used colored chalk to focus students’ cogn nitive proc 'sing on
multiple items, one student indicated that he focused on a ngle

. s . .
marked item without referring to any of the cthers that Dfr wanted

him to compare to the identified one. Two other, students
interviewed also noticed Orr's cues, but didn't know how to think
differently about the concepts they referred to.

In Ac

VI"I"

on's class, underlining a word on the chalkboard to

indicate it as an instance of a concept was tended to cue

e

microscopic content identification that would be followed by

comparing. The student interviewed about thi ncident responded

W

perfectly. She noticed the visual cue, oriented to the particular

attributes of this concept, and then proceeded to extend cognitive

processing to analyze why one item was underlined and other items

were not.

students often could not assoéiate a specific cognitive

with the instructic

gpeculation about this is based on an Qccasiﬁn in which an

overlearned response was cu

i
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ed hy
Acton was using well-learned symhols to indicate how students

should pronounce words in a language arts 1E§%ﬂﬁ. The stident

-
\M

interviewed about this inciden E indie Eed he knew the meaning of
these visual clies and also 5516 he understood that these cues

referred to specific concepts that would be involved in a

,-u..
,.m.

ubqéquent cogn

c
ive task. Thus,instructional stimuli that cue

T 7 67



O

ERIC

Aruitoxt provided by Eic:

external materials, use of a cognitive ‘process t
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(what we develop isteg as sever typés of cognitive op
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ward microscopic content followed by another cognitive

e campar1ng§ nd from fairly direect injunctions from
the teache fo stuEEﬁts to éﬁgage in angn1§1ve processes such as
h

comparing. This also reflects t

we used to place incidents in the catego cuing was
whether the teacher's intention was literallVv identified.in the
instructional stlmulus. If this intentio the
incident was categorized as cuing procedu the intention

was explicit, the event was placed in the domain-of cognitive

operations, described larer.

Behavioral interactions. This category is unique in that an

overt, behavioral

"

nteraction was used to promote cognitive
activity. For example, a student who had just given ‘a wrong
angwer was told to listen to a second student's answer. Thils was

an instructional stimulus by which the teacher intended to orient

[n

the first student to be ready to paraphrse the second's correct

answer. A second incident, also in Lehmann's class, was one_in

which he had students engage in a small grodp discussion, the
ic of which was the mature of small group discussion skills.

opi o
The in EentLun was that this activity would
fi t
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cient ways for developing lessor
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student interviewed on this point reflected this intention
precisely. A third incldent in this subcategory occurred in
Anderson's class when he said, “T'm going to check with vonu ta
make sure you've learned what T've said.” He intended to onrient
students to a procedure that would be followed throughout the
lessen. This enduring Intended response was confirmed precisely
by one student we {ncerviewed, and more vagu31§ though still
accurately by a second.

These instructional stimuli were clearly understood hy the
students. In fact, students had a well-developed unders:canding of
general behavioral interaction patterns in their classrooms. For
example, when asked how they knew what the teacher would de next,
students frequentlv replied, "Because he alwavs does it that
way.” Interded cognitive responses were interpreted accurately by
.tuc2nts when the 1link between an instructional stimulus and the

fntended cognitive response had been practiced frequently.

External materfals. Teachers often used instructional
atimuli to orfent students to places, usually thé chalkboard or
the students’ notehooks, where content or operations for
manipulating content were presented. Teachers reascmned this would
ease the burden of cognitive processing for students. They wanted
students te use this information either later in the lesson or in
or a 1abaratgf§ exercise.

One example ocurred when Richmond dictated information for
students to record in thelir notebooks. He intended students to
refer back to their notes later while learning other material. He
sald that ézudents should find this activity useful 1n helping

them transfer this material to new tasks. A student we

interviewed saw a clear advantage to taking notes, particularly

when the teacher told him what to put in his notehook. This
strategy is efficient, he said, since he would not have to
remember all of the content but only the part of it not included

in his notes. However, the student made no reference to the

teacher's iatention to enhance transfer by this procedure.
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A spcond example was fllustrated by Anderson's review
question, "What 5 the important thing vou have learned?” He
intended students to orient to informatien on the chalkhoard. One
student's view of the intended cognitive response was like
Anderson’s: she made explicit use of the external material in
order to answer the question and, furthermore, sorted 1t into
superordinate and subordinate categories. A second student
perceived the intended cognitive response as “(T1) think in my head
... or say it quietly to myself.” Though the idea of reviewing
material was apparent fn this second student’'s perception, he made
no use of information on the board. The cue te orient to a
procedure failed, but the 1ntended operation materialized
nonethless. Whether the cognitive product resulting from this
response was as successful as {t might have been if the student
also had oriented to the chalkhoard, as was intended bv the
teacher, is moot.

Acquiring content. Tn information processing terms, some

instructional stimuli were intended to orient students to use ;
particular cognitive operaticns to work on informatlon in thelr
memories. Sometimes, teachers attempted to orlent students away
from acquiring specific content to applying a rule EhaEEWDuld
integrate the content. The instructional stimuli cuing this
procedure were direct and explicit, such as writing the rule on
the chalkboard. Students' perceptions of the intended cognitive
responses cued by these instructional stimuli matched their
teachers' almost exactly. For example, in Acton's class, an
outline on the chalkhoard signaled to students that they were té
reorient thefyr cognitive operations on materials being dealt
with. Whereas in the preceding part of the Tesson they had been
generating ideas about a story they had read, the students now
were asked to apply rules to describe how an author might énﬂia
story like this one. Another occasion where the teacher's
intention was to reorient students' cognitive operations fn
working memorv occurred 1n Anderson's class when he wrote a rule
on the chalkhoard. Here, students said things such as: (T

should) match them together, what's on the chalkboard and what's
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in mv head." Gvgrall, students' views of the intrended cosnitive

response were congruent with Acton's

Commonly, teachers asked students to begin to monitor the wav
they were lear
Lehmann often imposcd specific time

He wanted students te know that

they should moniter their cognitive processing (e.g7, applv a

rule) to increase efficiency. ° student interviewed abeut this

instructional stimulus had a g ,, 'ral sense of this message, though
his descriptions of the intended cognitive response were very
vague (e.g., "Don't fool arounc').

The immediacy of
clearly understood by students, possibl

distinctiveness of the teachers' instructional stimuli. Students

apparently had overlearned responses to most of these kinds of
instructional stimuli. This probahlv accounts for rhe strong

correspondence between teachers' and students' reports of th

m

intended cognitive responses in t
n

Storing content i rienting students to transfer

will do next?" 1In another, he said, "Let's back up a bit." Beth
n
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s iring content to
reviewing prior content and storing it. The students understood

v
and made cognitive responses congruent with' the teacher's
1 t

he ipstruction to back up, one

im
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intentions.. For examp
student reported that she first re—-organized the info rmation she
was thinking about, alled all the previous items in the
order they had been presented so she could analyze them in terms
of Eer new definition for the concept. Finally she used other

1

students' answers to practice recal

EL

ing the rule she generated. A
al
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e
[
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n
e
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second student gave an almos lescription.
Not all instructional stimuli teachers used to cue this

cognitive response were perceived accurately by students.
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Students occasionally made intended cognitive response
te
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the teacher did not e¢learlyv undersian! what he in
"atement in one lesson: '"'Think really hard. He

pT 1t means think hard
on't know.'" Both students interviewed about this inéiééht
interpreted this as an instructional
believed the intended cognitive response was to orie
that would appear on a test. He said: "In a way it's like a
threat ... Start thinking or else you're going to fail." The
second student also felt anxious and attempted to lessen his
ng what they had just been studying so he ¢

3 wi o
understand "what he wants us to do." Thus, even if teachers do

e
nonetheless may perceive and respond to events using cognit
they think are intended by the teacher. The differences bétWEén

the two students interviewed about this event giqg supports our

responses. Not only was this instructional stimu
with orienting students to a procedure, but it also is ¢

Tinked to orienting by arousal.

In the preceding section, there were examples of

T

responses which were to be followed by variou
operations by students. Most labels for acts of thinking

(
attention, comprehension) describe a product of cognitive ope
e

“instructional stimuli. Thus, in this section, we avoid labels like

or "comprehension" that deseribe cognitive products.
A survev of about thirty books about human learning and

cognitive processing suggested that there are three basic
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operations that learners use in instructional settings:

L]

comparing, generating, and re-examining. These three operations
may not be completely separable from one another. Achieving a

cognitive product such as comprehension probably entails applving

all three processes in varying amounts and sequences.
Nonetheless, we found this three-part scheme useful .for analyzing

teachers’' and students’' views of intended cognitive responses to
t
Like orienting, operating also can he described in terms of

size, i.e., the amount of information being operated on, and the

]
I/

immediacy with which the operations should be carried out. Though

a table that matches each kind of

i

nt levels of focus and immediacy, we
clasaroom phenomena that they represent
not justify this sort of factorial arrangement. Thus, the
following analysis reflect

features of students' cognitive processing during instruction.
Comparing

When the intended cognitive response involved comparing
aspects of content to promote learnin , 1
immediate cognitive operation. There were four basic kinds of
intended cognitive responses that involved comparing.

n
Unspec1f1€d éampafing@ This intended cognitive response is

v
similar to orienting toward microscepic content. A cue on the
chalkboard always served as the instructional stimulus. While

Chéfs did not elaborate about the nature V h

(5]
incénded atudents to undertake, hence the modifier

it was clear that students were to go beyond mere orienting to
distinguish the cued item from others by using some cognitive
operation.

Students' views of intended cognitive responses to these

instructional stimu ircled items on the

11 r r
chalkboard, two students said.they were confused ahout the

comparing Orr intended. Further probing revealed that one student

had mastered the content under discussion but was not sure about

[oal
b
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fically the attributes of the
item which Orr circled with the attributes of the items
surrounding it on the chalkboard. Despite the lack of specificity

in Orr's intentions, this third student proceeded to engage in

specific cognitive processing. This is another instance of a
student aging in processing not perfectly matched to processing

the teacher intended. (In this case, the teacher was not clear
about what was intended.)

ident showed that an instructional stimulus can

mn
son content. The firs

cognitive response to the instructional stimulus, though he
perceived that something was intended. However, the third

dent, who wasa consolidating content from the lessc

U]
re
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g
Orr's intention. He was at the appropriate stage of learning to

pf@fit from a cognitive response that was partly his own, while
t

e
Comparing codes. The teachers we worked with often were

sensitive to how well students understood material, and how much

]

of the lesson's material was understood. One way they showed this
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For example, in a lesson on anatomy,; Richmond briefly described

a
bodies He expected them to be comparing attributes of the
abstract concepts, presented in the lesson, with tactile

ti

Eénsatlaﬁs illustrating those attributes,
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. In addition to having students engage in inductive ﬁct{vitieg
to compare codes, Anderson also engaged in activities himself to
communicate this intention. On one occasion, he strutted
emphatically across the front of the classroom, intending to
gignal that students should compare his physical action with
aspects of a question Involving a previously presented ahstract
céncepti A student interviewed ahout this occasion clearly
understood the 1ntention communicated by this instruction~t
atimulus.

Researcher: Did you underétanﬁ why he was Adoing that? .
Larry: Because he was walking and trving to prove something.
Regsearcher: He was walking, and vyou said, when he asked vou
for an example, you said "walk”™ didn't vou? Do you remember
how you came up with that example?

Larry: He was walking across the room, bhack and forth,
Researcher: 5o why do you think he was dolng that?

Larry: To give us an answer. To give us a hint.

of fractions
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(e.g., 1/4 =\ _25) close to one another on the chalkboard. He
intended the proximity of the two codes Ea cue students to use the
two different codes for representing numhers. Both students
interviewed perceived this comparing process, deseribing it first

as using a fami{llar code teo identify critical attrihutes.

Researcher: Can you teTi‘mE'th vou were th%ﬁking,_gf how
that helped you think about it?

Kathy: He went back to the fraction, vou kﬁ@w,vand without
' changing to decimals it makes it easler to think more —— it's

much easier to concentrate on 1t.

The teachers used ohvious cues to inform students that they
ghHould compare codes. Students rarely misperceived these
instructional stimuli and, as long as they had the kpnowledge to

compare, had little trouble doing the comparing.
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Comparing attributes. The operation of comparing codes is

similar ro that for comparing attrihutes that define concepts.
Whereas the previous category pertalined to attributes for a single
concept, this category involves comparing attributes across two or
more concepts.

- When teachers cued this process, they intended students to
focus immediately on content at a microscopic level. For exanmple,
in a grammar lesson, Acten réad sentences to students after
instructing them to "listen.” The students' task was to idéntiFf
adjectives and adverhs and compare thelr desecriptive qualities in
preparation for a later writing assigmment. The students
interviewed perceived this cognitive response as Acton intended.
One student said he had a prototype of each concept Iin his mind.
ITpon hearing a particular deseriptive word, he tried to examine

that word in terms of the attrihutes of his prototypes.

Researcher: Can vou tell me what you were thinking as he was
going through that? '

Bob: Well, vight away from the first couple of 1ines of the
paragraph T knew the kinds of words that 1 was going to use
and so T was pretty well ready to write from there.
Researcher: 5o that his reading that right at that point
helped you to identify the kind of words you might need

ater

oy

7

Bob: Yeah. )

Researcher: 1TI'm trying to find out 1f you were just
concentrating on the words he was saving and identifylng,
"that's a good word and that's a good word,” or whether you
actually were picturing what the whole example was about”?
Boh: It was kind of a little bit of both and when 1 heard
certain words, right there I knew that those ware some of the
words that T wanted to hear. But T like to take the whole
thing in general and looV¥ back over 1t after I have heard it
and then T think ahout 1t just bhefore T write down what I'm

going to write,
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Researcher: Was [t clear to vou that vou ware suppnsed te he
Iisteniﬂé and plcking our those words?

Bob: T don't know {f that was what we were exactly supposed
to do. T Just thought that he just did that to give us a
good idea to start us with what we are going to try to do
with the words.

Researcher: Does that help vou toe learn, if he reads an
exémple to you?

Boh: Yeah, it does for me because, 11ke T said hefore, T can
pick up the things that T want to use and put them into my

own words and examples.

In another lesson Acton had very recently been asking
gtudents to deseribe why Ehevrzhase to discuss certain items as
opposed to others. Then, he abruptlv asked students why they had
not chosen to examine othar items. By asking students to focus on
the criteria they used in déifﬂinﬁ not to discuss a particular
item, he intended them to compare these criterfia with those they
had used to select other items so the latter would become

clearer. We interviewed three tudents ahout this event. None of

]

them described cognitive operations very congruent  with Acton’s
intentions. Two students had no idea why the teacher had changed
the focus of the activity, so they decided to treat Acton's remark

as a discrete question rather than one related to the previous

‘work they had been doing. Thev had little idea what was Tntended -

by the current activity, nor could they predict what would be
happening next in the lesson. The third student, however,
pefceived that Acton had an intention for some ccgnitive
processing, but he understood his cognitive task to be one of
isolating a separate set of attributes that would appear 1n his
and other students' answers to the teacher's new question.
However, he did not perceive that he was to make direct
Eﬂﬂp&fiéﬂﬂs between the set of attributes currently being
developed and those that had been developed earlier. Thus, he was
unable to relate the new activity to the previous task, and

thereby failed to highlight the hasis for classifying items.

N 7



O

ERIC

Aruitoxt provided by Eic:

The reachers often read material to students. One such

occasion occurred when Anderson read sentences in which "to,”
“too,” and "two” had been hlanked out. He intended students to
compare the semantic attrihutes of various sentences and use them
as a hasis for deéiding which form of the word to use in filling
in a hlank. One student we interviewed ahout this was candid in
admitting that, “T Ynew what we were going to be doing ... T got
kind of confused ... 'cause I was kind of fooling around.”
However, in defence of this student, we note that he also sald he
did not need to pay attention at this particular point in the
leszon hecause he knew the correct uses of these words. Here,
again, {s an indication that a student's perception of the
cognitive processing a teacher intends can be conditional upon the
student's mastery of content under consideration.

Finally, one incident helonging in this category {1lustrates

ie earlier speculation that students can generate their own

tnterpretations of instructional stimuli when these intentions are
absent or vague in the teacher's description. On this cccaslion,
Acton was asking the students to relate sentences they had written
to a picture that had served as a focus for the writing
a:tiviﬁv; His description was, "I don't know how they'll be
thinking about it here, just be putting it all together.” 1In
response to probing, he suggested that the students should have
been comparing attributes of the material they previously had
written with the concepts presented in his questions. The student
interviewad about this incident had quite a different perception
of the zégnitive activity intended by the teacher. He attempted
to store in memory other students' answers because he believed the
teacher's questions would he asked on a later test. Because he
he sald 1ittle else was being done. Thus, the student was clear
but incongruent with the teacher on this specific occasion when
the teacher was not very certain about how students should be
operating on content.

Using rules. When teachers asked students to apply rules to

new examples, we catcgorized these events as comparing because

Ld
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and students indicated that students were to compare the

[

teacher

]

steps of a rule with characteristics of the particular example to

which the rule was heing applied. For example, in a lesson on
fractions, Lehmann developed a step-hv—step example on the

chalkhoard, talking about each

Hil

tep as he want and emphasizing
what would follow each step. He wanted students to predict the
next atep based on the preceding step. The student interviewed
sald he was comparing the steps of the rule he had learned for
working with fractions with those being 1llustrated on the
board. His prediction for the next step Involved comparing what

needed to be done to solve the problem with the information -

provided up to that peint. e
I ) ~_
Not all students aecurately percelived teachers’' intenaded ‘aa

cognitive responses involving rules. Following the presentation

of a complicated rule, Orr asked several questions of SEuﬂEﬂEg}\% L

ot
T

none of which preduced answers. He then said, "That's tricky;
me back up.” He intended that students would compare attri ibutes

of the rule he had presented earlier with the material that was

going to be re-examined. One student indicated she understood

that previous answers were wrong, and that she needed ‘to
understand the steps in the rule. Howecver, rather than analyu:ing
earlier examples in terms of the rule; she perceived that the
intended cognftive response was to orient to the next answer to

Orr's. He reviewed the rule and tried to predict examples that
might fit this rule.

Generatin

IntEﬁdEd cognitive responses for gEﬂEfstlng new content

involved either generating a new way to represent content, or

m

e

generating new content per se based on pro edures or information
provided in the lesson. The former were rare, but there were a
number of incidents “in the second category. .

Generating codes. Some teachers believed students would he

able to aéquife or retrieve informatrion more easily if they had

more than one way of cognitively representing that information.
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IIn! {ke the comparing codes respanse ﬂESEf{bédthFDfé, where both
coding schemes for comparison were afreaﬁy availahle, here
students were to create a ﬂEW-CGdEE

A pf@é@typic facident was where students were to create a
mental image. Before defining "concave,” Orr asked, "Where do
bears sleep?” He thought students would create an 1lmage of a cave
that would help them remembher the definition. Both students we
interviewed noticed this odd question and understood that it was
supposed to provide a device for learning the definitiom.
However, nelther perceived that this device was to be an image.
When Orr clarified this ﬁy describlng the imapge he intended
students to generate, héﬁh students then sald they recognized this
as the image that Orrt intended them to create originally.

Generating rules. The teachers frequently tried to cue

students to generate a rule that could be applied to content.
This process closely resembled hvpothesis generation 1like that
used by scientists. The teacﬁe%s always assumed that students
underatood how to use such rules. Nowhere in their classroom
behavior nor in tﬁeffrdescrfptigns of their intentions Ffor
students' cognitive processing did they indicate that students
might not have been aware of the form for a definition, an
hypothesis, or a rule. ] :

As one example of generating rules; Anderson expected
students to create a rule ahout transitive and intransitive verbs

as he categorized examples of those two verbs on the chalkboard.

The student interviewed about this said, "He was trylng to get us
t

to fit the right ones,” a weak concurtence with the teacher's
intention. ’

In anatﬁer eﬁaﬁpieg following a discussion about stories and
how to ‘write them, Orr asked questions about how to end a story.
He intended students to create endings by first devising a rule
about the story's plot and then applying this rule. The student
{nterviewed indicated he was haffled by the éeacﬁef'g
{nstructional stimulus. Although he uﬁdéf?ﬁﬁﬁd thét the story was

to he ended, he had no idea how to Ro about 1t.
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hy ypothesis- would become the objec

On two occasions where the Intended cognitive response was Lo
generate a rule, the instructional stimulus was qgmec
on the chalkboard or an fncomplete ‘sentence that woulr
concept when completad. We considered these definitions to be

rul es hecause thév could be uzsed to classifv instances and non-—

W

instances of concepts. tudents® Interpretations of their.
teacher's {nstructional stimuli depended on w%eﬁhér they knew when
processing was complete. 1In Orr's class, one student said he did
not gﬂdérscand why the teacher had wrii:en an incomplete sentence
on the baard. A second student told us she believed she was to
guess what might go in the blank, bhut she did this ?ithaut
réﬁéffiﬁé to previous lesson content or to a rule thaé cdould make
this task 1ess hit-and-miss. A third student, however, described
the same lntended cognitive response as the EEHEHET; namelv, to

:Gmﬁiete the sentence and test {ts adequacy amafnst information

Students’ interpretatinns of instructional %Eiﬁ 111 that cued
rule generation were clearly related to their understanding of the
lesson content preceding thase events. Students who were at the

polnt where a rule usefully summarized what thev had learned

seemed to achleve falrly high eongruence with thé teacher’s

intended cognitive response When their understanding was
incaipleté, students could not evaluate how successful they were
t completing the®task. A typical strategy was to walt for other
students to complete the task. Their reluctance to ask questions
about the meaning of these instructional stimuli appeared to he
not so much an attempt to avoid displaying their ignorance as it
was reasonable strategy for getting the nceded information.
Téachers also intended students to create hypotheses. This

differs slightly from rule gene ration becaufe a rulé could be used

tmmediately and systematically follovwing 1t§'génerat1an whereas an

\rt
P

f further testing.

In a sclence lesson, Richmond

o

sked students to gu
ot

L

relationship between two variables hy generating hvpo

Students described a variety of cognitive responses Lo this

instructional stimulus. ne student interpreted the instructi{onal

,‘ 5
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stimulus to mean that he should "think harder," which meant "to

think over and trv to remember' séme of the pre

ﬂ]\
ﬂ\
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(L]
]
m
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]
b
rr
y
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When asked to elaborate, the student said that he was to respond
e

with a guess, but he did not kn@w the criteria that determine

Richmond intended. This student not only created an hypoth

about the relationship between the two variables, but believed he

1
would be expecred to "tell whv'" this hypothesis was likely to he
true.

There wak considerable var
interpretations of instructional stimuli that teachers intended as
an hypothesis. Part of this
dlvergEh:e seemed to arise because students did not know when
their hypothesizing was 1déquace! Those students who could judge
the adequacy of their tho ghﬁs also seemed to understand how to

generate hypotheses Occasionally, these students even went

of the hypotheses they had generated. When their

understanding was incomplete or absent the task was rélativéiy

nded students to engapge. For students in this situatiom, a

typical strategy was to sit tight and wait for other students to
d

that their reluctance to

w-
n
®
"
]
o
ot

-

intent

1

or

=4
1
o
o
o
o]
rt
w
[»]

could be useful in summarizing what they had learned seemed to
achievE‘fgirly high congruence with the teacher’s intention.
Thus, instructional stimuli that cued students to generate either
rules or hypotheses varied in clarity as a function of two
factors: whether: the student's mastery of content wasisuffiéienﬁ
to complete the task; and,'whéthef the student céuld judge when

ganerating was sufficient,
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Using Metacognition

Metacognition refers to thinking ahout the processes and

outcomes of thinking. Several forms of meracognition appe red

—in

n
response to {nstructicmnal stimulfl, all of which were macros copic
{n focus. There were two functions for metacngni tive responses.
fne was to moniter cognitive operations on content to insure that
the cogrnitive strategy heing used was the nne intended hv the
teacher. The second function involved something students were to

do upon completion of monitoring. One

i

ome nccasfons, thev were

ipd

to provide feedback to themselves ahout learning. ~On others, they
were to generate for themselves a motivational consequi nce hased
on rhefr performance.

Monitoring. Teachers frequently intended students to examine

the engnitive pracedures they were using at particular paintgggﬁxx
during lessons. For instance, in a math lesson, Richmond . ~
summarized a complleated ﬁfi?é1ﬁ1é bv drawing a diagram of the
princfpl=z. He intended that students would monitor the extent tn
which their sequence for applylng parts of the principle matched
his diagram. gpecificallyv, students were o sxamine whether #

preceding part of the principle cued a subsequent part. The

students interviewed could not do this hecause they
mastered the components of the prin neiplie Thus, thev could not

use them as cues for subsequent components. Although the stiwvlents

had a general idea that they were to he monitoring théir'thiﬂk*ﬁzﬁ

m
m

_they treated each element as an fadividual entity. When asked

what he did when he didn't know a component, one st udent said, 77T
erase the whole thing and start aver.” Monitoring whether he was
applying components of the principle in sequence while trying Lo
iire the next component 17as bevond his existing state of
knowledge and the capacity of his werking memorv.
In a somewhat similar situation, Acton was summarizing
content in closing a recitacion lesson. His intention was that

students would monitor their seat-work activities using the schema

he modeled while presenting the summary. Though this -
instructional stimulus and the one 7inust described for Richmond
hoth occurred at the very end of a lesson, they differed with
respect tO {mmediacy: Richmond intended students to enpgagée a

" 83
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gonfraring aperation sfimul taneously with his presentation while

W

Acton fntended students to apply this procedure at a later time.

ITntended metacognftiv were appiied in the servic

‘mi
‘.ﬂ\

spon

of acquiring material as well as viewing or applying it

m

Typieally, rhis took the form of students answering example
yp ’ 14

e

problems. For instance, when Acton did exercises {llustrating how

In
o]
o]
I
o]
"‘ﬂ ]

fractions to decimals, he intended students would

monitor their use of rules for answering the exercises and compare

their procedures with the one he was modeling. The three students
P
fnterviewed all perceived this intended cognitive response. One

v
student put 1t quite eleoquently: “"He's up there for

Qg w

so we can think about what our answer is and how we d
somewhat different vein, hy providing incorrect examples, Anderson
wanted students to monftor the rules they were using to classify
instances of a concept. He believed that by monitoring, stu
ativelv common mistake and remembher that {1

was to be avoided. The student interviewed ahout this incldent
tiv

_u..

ed cognitive ac ity in consonance with the teacher's

o]
—
by}
o]
ja ¥
]
n
el
"1\
U‘

intentfion.

Only rarely were students baffled by an instructional
stimulus cuing them to monitor. The few failures were due to &
lack of content knowledge. When the content was not well learned,
atudenrs focused on acquiring the content, not monitoring. This
ceems sensible since it is difficult, if not impossible, to
acquire content and monitor its manipulation simultaneously.

Appraising. Teachers were aware that students judge what

they know and that they react positively or negtively to those

tional stimull teo cu

n\
]

judgments. Teachers sometimes used instr

students to do this, At the end of a lesson, Lehmann asked a
student to summarize what had been cover ed. He intended that.EhE
student deing the summary would monitor the extent to which he had
mastered the content. Where the student judged that mastery was
inadequate, there was an unatated requirement fhat the student

would request heﬁp from the teacher or peeés_ In Lehmann's view,

this procedure provided confirmation of mastery and an Incentive
for monitoring. ‘All the st udents interviewed ahout this
71 8-4
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instructional stimulus {ndicated ‘khat thev underst rand the intended

o

cognit response regarding hoth knowlaedge and affecec.

An interesting i{llustratian of Orr's fntention for stwients
to engage in appraising following metacognitive activities
aécurfed i{n a recitation setting. He had heen asking a series of
questions about a complicated principle, none of which the
students could answeé to his satisfaction. When Orr was asking
rhese questions, he expected students to he mﬂﬂ{tgfiﬂg the
cognltive procedures they were using to produce answers fas well
as usingz rules; see the sectlon on thi s operatfon). Ilpan seeing
that this was impossible because students had not acquired the

rontent whese manipulation was to be metacognitively monitored, he

said, "That's tricky; let me bhack up. His intention concerning

the first part of this phrase was that students should examine

ja M

their feelings about their inability to provide answers and

attrihute failure fa the diffleultv of the task and his poor

1udnght about the extent to which necessarv content had heen

acquired.

. The two students interviewed about this evant had quire
different understandings of Orr's intentions cancerning appraisal
operations. Both indicated clearly that thev knew something was
wrong when no one, including themselves, could produce answers [o
the questions. Nelther {ndicated that they were engaging in
metacognitive aﬁitgr{ng,'wh{ch confirms our prior speculation
ahout the inappropriateness of this task when content has not heen
acqulred. One student understood Orr's statement to mean that he
should gtap trying to answer the questions and note Orr's next

comments as the answers to the’ previously unanswered questions.

The second student understood Orr's statement about changing the

unsatisfactéry answers for common element Thus, the teacher's
{ntention thacgstuﬁeats' attfihuzé thelr failure to task
difficulty was not perceived hv these two. students.
Consolidatine ,
The éhifd'%ajgf class of in eﬂﬁeﬁ cognitcive responses
pertained to storing and rétrie {ag information. These activities
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tvpteally are nperationalized in activities that involve
practice., The feature distinguishing consolidating from the
preceding cognftive processes {i.e., comparing, eenerating, or
meracognitivelv examining cognitive procedures) is that teachers
expected that students must already have comprehended lesson
content prior to consolidating {t. 1In contrast, the cognitive
operations discussed earlier were intended to promote
comprehension per se.

There were two components of cansolidating. One was simple
rehearsal. A scrond was to practice procedures for retrieving
{nformation based on cues similar to those presented in the

lesson. This produced either verbatim recall or transfer
depending on whether cues were the same as, or different from,
infermation presented in the lesson.

Teachers believed that fehearsing and practicing retrisval
strategies would increase the distinctiveness of information, the

probablility that information would be retained, and students'

1

ability to retrieve information if they were given cues. This
description is similar to contemporary theories of storage and
retrieval (e.g., ﬂazﬁg, 1978: Maver, 1979).

Consolidating operations occurred throughout lessons.
Lehmann began one lesson hy having students discuss among
themselves procedures they would follow while working later in
small groups. In addition-<to orienting students to lesson :
procedures, he fntended that they would recall and rehears~z the
skills involved In small group work. Students intervieved about
this event perceived this same cognitive operation.

Instructional stimuli cuing consolidating operations also
vere uséd as teachers developed the content of lessons. 1In a
vocabulary lesson, Acton told the students to "4just jump right in"”
after presenting the third examp1é of a concept, intending
students to practice retrieving and applyving a previously learned
rule. One student clea.lv matched this intended cognitive
response. He knew what the rule was and sald he was going te
apply it again, "hecause we already know the process to get {t.”

A second student, thongh he knew what was intended, did not make

80
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the cognitive response hecause he did net understand the rule to
be rehearsed.

As might be expected, stulents’ perceptions of consolfidating
responses to instructional stimuli were not always all that the
teacher might hsve wanted. Lehmann frequently asked students to
check with partners about thelr understanding, sometimes as often
as ten times during a 45-minute lessen. His intention in one
arithmetic lesson was for students to retrieve rules and rehearse
the sequence involved in applying the parts of them. A student we
{nterviewad about this event understood Lehmann's intention and
felt competent in executing the consolidating processes, adding
that his first step was to select the easiest aspect of the rule
to retrieve and rehearse, therehby making the task easler.
responses occurred at the end of lessons or as transitions from
recitation to .seatwork. In most sfituations, students understood
that they were to consolidate, though sometimes they were confused
about whether to rehearse or to practice retrfeval given cues,

For example, in one lesson Anderson spent extra time reviewlng,
{ntending that students would practice their retrieval sgfaﬁegies
and highlight the differences arong items. Though both gtudEﬁtg
interviewed understood that consolidating was the objective,
nelther knew how to proceed because they Aid not know the specific
processes to use to consolidate lesson content. This was not '
always the case, however. ' By presenting steps in a rule very
slowly, Riihmgﬁd expected students to be reﬁéarsing each step and
impfa§ing their recall of each step by linking it with previous

parts of the rule. The student interviewed ahout this event

"{pndicated clearly that he viewed his task as practicing each step

and relaziﬁg it to th% preceding step. -

On one occasion, Acton told EisAstudentsrtﬁ use a rule over
the weekend that they had developed in class. He intended
students would consolidate their strategy for retrieving the parts
of the rule and rehearse its components. One student remarked
that she understood the teacher's intention, hut she would not do
it. 1In her words: “Well, T would just leok at it arl then try

£
3
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and remember it for the weekend. T Aoen't think T would do

]

anvthing lTike trying to convert it or anything -=- T would just -

keen 1t in mind.” A second student had the same reaction. Thus,
unless the teacher can create tasks that control whether students
mzke consoelidating responses, students may not make those

responses even when thev know what te do.

DISCUSSTON

We constructed a compiicated system to represent the range of
intentions that teachers had for stﬁﬁents' cognitive processing of
content in lessons and to reflect students' views of the cognitive
processes they perceived were intended by their teacher. This
system contalins three major categories: orienting, operating, and
consolidating. Orienting and operating each were further divided
into three sub-categories, and these, in turn, were divided
further into a total of eight tertiary classifications (see Table
2). Clearly, both teachers and students in eur study reported
that teachers used instructional stimull te try to manage a large
variety of cognitive operations they believed mediated students’
learninge.

The findings ahout teachers’ and students’ views of students’
{Dgn{tive processes for classroom learning have gseveral {mportant
fmplications. First, there was a noticeahle lack of one—to-one

e between cognitive responses teachers assoclated
with ‘Instru’c:t;{‘onai stimuli and the éggn{l:ive operations that these
stimull cued for students. This suggests that research using enly
ciasgfgam observation schedules as the basis for generating
explanations about how teachlng affects 1;afﬁing may distort the
wavs in which these phenomena interact. Whereas ohaervation
schedules require that instructional events he defined as distinct
if they differ inm bhehavioral srructure, teachers and students may
treat them as functionally equivalent in terms of {intended
cognitive responses. And, while some iﬂséfuctieﬁai stimuli may

appear superficially similar at the behavioral level, they may

;pféducg quite different cognitive responses by students.

86 .



Thus, armvy analysis of classroom Instructica that does not
account far —he ﬂ-f;azﬁiz mature of themgnirive miltien will

cal term

ity

probably dist—ort the phenomena of interest. Tn pract .
{f teachers <o not communi cate clearlythe relationships between
what they arse= teaching, how thev are lpaching, and how ,-;tuﬂents;'
ghould be th—= nking, students’ learning mav- not he optimal.

A seconed important finding is rthat the teachers and student==

we intervievwe=d did not presume that all teach®ng events lead

directly to “learning. Teachers used instructional stimull to

m

prepare, orl-==nt, guide, and otherwise involve students with
{nformation Hefore students were to learn per se, and students

perceived si=milar intended cognitive responses to instructional
stimuli. TIn=spfar as we know, such “"sipportive” or “preparatorv”

teaching eve--its hav

m

been Investigatel rarely in classroom-hased

research on <«eachin Separating supprtive or preparatory

m\

{nstructiona™ events from those fntenfed to produce learning
directly may be a distinction to he prsued in future research.
This distine Tion also may prove to heuweful In classroom

n
{nstruction designed to help students hecome more deliberate in
f

thelr use of different cognitive strateples to achleve various
goals.

Turning to the findin ahout stulents’' perceptions of
instructiona 1 stimuli, F’ivg salient gmeralizations emerged from
our aﬁa‘,yses of students' understandim of the intentions teache —s

tried to comsnunicate during instructim hv using instructional
stimuli. F{ Tst, there was a strong prohability that students
would not ac <curately perceive a teacher's instructional stimuli
that signale-d students to use orientingoperations. This occurr ==d
gpecially w—"hen teachers attempted to promote- affective states { —
students. T-o a lesser extent, mismatches of this kind also,
occurred whe=m teachers used procedural cues to orient students £ «
using extermal ma.orials to support learning, af toward cognitiv =
ogerations F or storing content. The hasic feature characterizin o
these inecong=rulties hetween teachers' Intentions and students’
perceptions of appropriate cognitiveresponses was that student=

misperceived the immediacy of operatinm orn content or the nature
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f the cownitive product to he created. Tn these events, students

]
[}

fieused on prace =sing the content 1in the immedlate task rather
d

he reacher intended

-
-

thin arienting ==

TFa 3

o rontent to he presented later,

A major fea = ure of students’

faad [ad
[a]

14
lstruct{on was —hat the clarity with which they perceived the
1 e 1

ttachers’™ 1intent 1 ons in instructiona aversely
popartional to <The amount of Information which students had te

macroscople unit of

\m‘

15

]

mgnitively process. When the focus w
witent, such as a rule or a complicated cognitive operation,
tre was considerable variahilitv in the accuracy of students'
preceptions of t Fie instructional stimulus. This 1is yet another
ffirmation of t*ie principle that people have 1imited cognitive
wpacity (see Calfee, 1981). VWhen students were not overly taxed
ly the newness or complexitv ~f the material, they were relatively
mre accurate In  perceiving the teacher's Intentions and reporting
tht thev could =uccessfully carry out the cognlitive operations
ttachers communf cated via instructional stimulfl.

There is arr Important qualifiecatien to this finding that
wnstitutes a third salient feature of stidents' cognitive lives
Inthe elassrooms
wll-practiced or automatic cog n
stimulus, teachers' signals about how students should cognitively

o
fal with lesso content were clearly perceived. Morzover,”

m-l

ittdents reported they felt very adept at carrying out the

g
g
=
m
la ]
Y
]
o]
[
e

nt ¥ ons for cognitive processing in these

istances. When 1instructional events were of this L:}?T;:é; then
students seemed 1o have little difficulty in wrestling with very
wnplicated cogni tive processing such as many-stepped rules or
mtacognitive monitoring.

A fourth ma jor finding was that the ability of
t

ar
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predictor of the accuracy with which thy perce==ived the teacher's

This finding appears paradoxical If stussdents are less able
ro ase a particular cog =lops knowledge

because thev do not have that knowledi how de— 5 thev ever acquire

a

imulus capoe diffe srant cognitive

erent students. THMh stude ents might not use
tive process intewd bv tl4 he teacher, thev may

roduces relatively mivalenyg t knowledge. Tn

wavs needb be a o one-to-one

r 1
correspondence between teachers' instmtional stimuli and

atudents' cognitive responses. Sinc2w did ng:6t collect
g

achievement data, we have no ground fclaimig ng the cognitive

response intended by the teacher, andmly thisg s cognitive
response, is the most effective way frstudenzats to learn
content. This is another reason why flure res-gsearch on teaching

must attend more carefully to the cofitive 1i- fe of classrooms

since most current views of a teacherlhavior — are rationalized in

y ‘one kind of cogn

[

terms of on
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<
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=
=
o
o
i
o
(
o
ngl
u
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=
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=
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The third and fourth findings jwWdiscus.zsed show the
important interaction between FEEEDFSWﬁ cogr=nitive psychological
researchers label the state of § jor Mwledge = and the
automaticity of executing cognitive pms. Wh.men students suffer

from a lack of conten g

knowledge neegdl to Pro.oceed with an
1

o

information to be processed is unavagihle. T ¥n this case,
ention to instructional stimuli pmblv de =clines because
students' coganizive resources are 1pwted in building
representations of new content in shol-term mymemory. Hence,
inatrueti ﬂal stimuli are unlikely gob stronmg influences on
students' lear ning when students havemderdev wseloped knowledge
needed as a prerequisite for the contl being = delivered in
legsons. In turn, their reports aboit teache =g’ inggnti@ng for

o
ve processing should be vaguemoff-Caemrger. This is what

e

cognit
we observed.

S#

A1
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when students have necessary levels ¥ prior= knowledge, the
automaticity with which they can carry outognlt=1ive strategies .
far learning also might he related to thkelohabiZ 1itv they

accurately perceive teachers' Intentions lir thel”r cognitions as

manifested in Instructional stimuli. Aytmtic ——ognitive

strategies require fewer cognitive resopl® to &=ZXecute,

especlially as regards

L]

pace in working w®'y. T—his unused space
may he devoted to any number of tasks, omdf whiZch may be making
maximm use of gufdance provided by {nstitiona™™ stimuii. Thus,
students who have prior knowledge that g#iuppo=t new learning
and who have automatic cognitive strateglé to ur—idertake tasks
that promote learning should be in the bétposit=ion to profit
from instructional stimuli. This, too, Nihat ==ve observed
students reporting about instruction. ]

Also, when something in the instructinal e=vironment
disrupts automaticallv executed cognitivestrateés=les, such as an
unexpected instructional stimulus that A®not =¥1t well into the
cognitive strategy, studeats probably wflrepor== confusion about
the meanine of the instructional stimulud This  hypothesis was
also supported in our data.

The presence of automaticity in legfts' ceognitive responses
leads to a methodological problem. Autegitle preoductions are
generally not available to cons ciousnesg ) whis=ch we mean that
people are not very aware of how they arttanipeu’T ating
{nformation. We usually cannot think aptl the —automatic
procedure when we perform it without digiting =—xhe procedure to
some degree. Thus, stimulated recall methloloR—y as used in this
studv may have serious limitations for {£Mstiga  ting automatic
cognitive procedures students use in cla#woms.

Indeed, such procedures may introdutd par=adox. In some
contexts efficient learners, those who enloy au tomatic -
production, may not be ahle to give veriflal se 1f-reports of
thelr cognitive processes, while less effilent 1learners may have
more access to these procedures simply hiiise L hey are not
automatic. Thus, the findings reported Me mlg het be bhiased in

the direction of less efficient learners The m ore graphic
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examples of cognitive processing on the part of students in this

studv may have come from those students who were less efficient.

Of course, without both achisvément data and evidence of cagnitive

processing during acquisition {(i.e., during the actual lessons we

videataped), rhis remains a speculation,

These analvses and hypotheses also ralate to another
c

nitive psvchologv between declarati

distinction often made in cog ve
and procedural knowledge. The former constitucres the "srartic

cont t of memory that 1is representative af the structure of the
subject matter a student has learned. The 1acté} efers ro the
cognitive operations underlving the abhility to perform an
intelleztual task. The two kinds of knowledge are not

v
£ n, 1981). The relationship bhetween the two forms
of knowledge 15 exemplified in the data reported here hy students

iv

r
Il
I

who were apparently unable to execute particular cogni

processes because they had not learned préréquigité content. But

as declarative and procadural knowlaedge are applied over time,

o

oth can change. Thus, the procedural knowledge that is linked to

CL

clarative knowledge at a time (X + 1) mav not be the same

procedural knowledge that served to create that declarative
kﬁaw1édge at time X. In turn, older instructional stimuli that

ware perceived accurately at time x may lead cognitis

rr
m
0
]
o]
[p]
]
L o«
=
.l

astrav at time X + 1 if thev cue inappropria
knowledge. 7
Finally, students appeared to be strategic in the cognitive
processing they used as they attegppted to learn from teaching. On
those occasions where ‘the teachers did ﬁ@tfﬁéSEribe clearly their
intentiona for students' cognitive pféﬁess{ﬁz. and even on some

occasions where teachers said they had no E1est intentions,

students nonetheless made cognitive rﬁspnq o what they

. s . . . e i,
perceived to he instructional stimuli. Thi is particularly
crucial, not only because it relates to a central assumption of

the cognitive mediational paradigm, hut hecause it suggests that

students will construct meaning for classroom activities

w
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regardless of whetherthe teach _er (or an jnstructional theorist)
does. Failure to ipMorata t -his student variable into research
on teaching mav 1ead mmlqreﬁf-*ﬁsentstlaﬁs of how students learn
from teaching, therehlimiting - the completeness of theories of
teaching. Whether thisomisaio-.n also will limit the abilicy of

r

researchers to develduseful P rescriptive theories of instru
must await experimentilevidenc. e.

A significant camt needs to be maég regarding this last
conclusion about stydms' stra- regically active cognitive

11 methodology does not

test wheﬁherjparﬁicipmg' repo--rts validly reflect the events that
are being pr@be&_ ynled, it iz s pos
responses to questieMduring - timulated recal! are constructions
about what they mightflive been doing or would do if given another
chance. These constritions theus may riot be the same as actial

cognitive processing lring the event. More research is needed at
this pﬁiﬁti Hypothest about tEhese phenomena should be tested in
experiments where stulnts' strs ategic cognitive pfacesseg are
Gpergtiana¥iégd by eFfrimenter== to become independent variables

£ 1

im & Marx, 1980;

—

example, se Winne,

e
indings produced by imethodolemogy like that employed in thi

]

i
study can be used tg trate th:pﬂtheses for -duch exgé:imental

tests, but thev canpot tonfirm =or dlscanflfm these hypotheses.

N AOMC ZLUSTONS

This sthv demgnitates the=at students mediate instructi
events with théif‘ﬁﬂgmUVE proc=—essing, thus supporting the
cognitive mediationa?adigm ds=s §-heufist
teaching. The range o teachi e %tudleﬁxlﬁ this project was
limited because the oy lessofe=s we observed were recitation
lessons. Obviougly, s sample= aF lessons does not represent the
full range of classroWteachifgesy = ~rate egie
of studencts de%cfibéﬁhue may Tiot genera lize to the diverse forms
and settings for ceachin that c——an be found in today's schools.
Nonetheless, we beligwthat the= phén@méﬂa described here provide

a useful beginning forilwestif==actions of these other settings.
' .
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Future fesearch will have to improve on our procedures for
soliciting descriptions about cognitive operations from the

reachers and students. While occasions where a student or teacher

possible that our methodology may have overl

~g

dés:rxpti si"ﬁlthaugh this difficultv is inherent in the
procedures for cailecti@g and analvzing dara that we used in this
study, we hope that the ﬂppéftuﬁitv to improve on the precision of
pur findings will stimulate further research.

ze that this fi rst!scudy

e
e
b

Finally, it is important to -emphas

i
T
-9
o]
Ly

did not dnvestigate the relations between students' perceptions o
timuli, their competence at executing associated
rocesses, learning, and teaching effectiveness

P
Flected by students' achievement. .This research is extEﬁded
oll

results from instruction. This extension is
necessary for the cognitive mediational model to provide a hasis

eriptive theories of teaching, that is, statements about
the causal relations hetween Ceathlnh cvents and students’

to be followed to improve educatio

We are convinced from these data, our g@n previous -
theoretical and empirical warg {Marx & Winne, 1931; Winne & Marx,
1977, 1979), and the work of other researc
{(Corno, 1981; Doyle, 1980; Shavelsaﬁ, 1981; Weinstein, in press)
that Expéflm?ﬁtg regarding the cognitive mediational paradigm are
warranted. Such experiments must meet a number of requirements in

orde~ to test the va]idicv and utility of & cognitive mediational

“ramework for research on teaching. -

First, instruction must be designed and deltvered in such a

way that the EEEﬁhEF s (or Tésear:her's3 intentions for students'

cognitive pracess1ﬁg are clearly commun ted to students. We had

e

'Smple‘eﬁidé ce from this study that when teachers hold ambiguous

intentions or when they are unable to communicate their intentioas

clearly, students' thinking can vary substantially.

F
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Second, studerits need to perceiv

instructional stimuli that communicate these intended cognitive
T

responses and they have to be able to execute the approp

nts should have sufficient

ractice discriminating the instructional stimuli and executing
£

ra
1lected that the cognitive responses are executed as intended.
nta

tion providing thi

i)
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such a way that,_ logically, one would have to p
cognitive operation in order
a notebook. A final methodologi
this second requirement is that
learners' prior kuawigdge of content to be 1E§fﬂéd in the study.
This relates to the detla ative-procedural knowledge felatlanshlp
discussed earlier.

Third, a program of research should show that the control of

students cognitive mediatiaﬁ of instruction can occuyr in the

‘complex environment of school classrooms, as well as in the more

rr

rarefied and controlled environment of the laboratory. This last
requirement is the acid test of educational research, and is

particularly necessarv for®research on teaching. One of the major

"
W'T
\m

Eth% of the process-product model of reséarch on teaching is

that most of the empirical work took placeé in classrooms. While

educational

model is to

demonstrate
The next three chapﬁers of this report d
éépéfiments concerning students' cognitit
instruction. All Eaﬁk place in schools, althou ugh -the f
at

atudies are described more atcurately as labor

fae]
[



they employed videotape analogs of teaching. The third set of
studies was a less controlled but more ecologically valid test of
the cognitive mediational model, and took place in five elementary

achool classrooms over a three-month period.

~J
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CHAPTER 3~ .

Training Students to Use Strategic: Responses

2

to Videotape Analogs of GfaséfGOm’Téaghing AN

- Many models of instruction assume Ehat Ieafﬁera are

~  INTRODUCTION

zagn1t1ve1y act1ve “and strgtegizally pufp eful as they attempt to.

teacher' s aims in elassrooms hecames that of shaping or channeling
- F

these cognitive pro ocesses in ways that facilitate students'

achievement. For exgmuple, a .teacher who asks a compare-and-

‘contrast question probably intends students to link two cornicepts,

according to. the attributes they share, and to rehearse the linlk
he;weeniattfibuteg ﬁf-EhE cancePEB as they me;cslly answer Ehe ,
question.* Tt is believed that these zagﬁ1tlve npera;;aha help

students to store these concépts in memory in a Fafm:appfopflate

for aghieviﬂg one of EhE tE‘tth a eﬁucstlanai ObjEEEiVEE.

guggests that there are two varieties of stimuli im instructien to

which learners can respond ecgnttlvely; One variety Qonstiiutes

th content to be-lésfﬁed what is tésditisnally’iabéled the

ademie curricalum. The second - variety are stiégll that te&thers

(and other media for ptesentlng curriculum material) use to cue

‘ 5 = _ 2 = = 3 )
learners to use particular cognitive strategies in order to -

isccamplish learning.  These are instructional Etlmull.‘.TE’prfiE

‘from 1nqtruct1§nsl stimuli preseﬁzed .y a teacher, learners must
accgmpilsh three cognitive tasls. 'First, they must perceive
ingrructional stimuli, i.ei, notice their occurrence and

Uﬂdet;ﬁéﬂd the cognitive nﬁér tions or strategies the teacher

intends them to Engsge to facilitate 1earn1ng. Second, students

".must carry out the cognitive activities to create or manipulate
3 , a nip €

information that should“be stored in memory as a representation of

the curriculu m't@ be learned. Fiﬁally, they -must Enéﬁde thls

1n5tfuct1cna?1f pregared content for later retr1eval e.g., @n_s

test. =~ . - \

/ o ; 7 9‘9",

s -

!/
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yais ,of tasks studénts must pursue to learn from

)

1
inatructibn ‘aenﬁifies-twa’péints-ﬁEETE insﬁructi6ﬁ31 effects may
t t, if 1ﬁEEquE1BnE1 st timuli are nat perceived,

‘they can ncz affeeﬁ learning.” Second, iF iﬁ%tfuct ﬂsl-qtimuii

strategies EhE? cue, inte 'd:d instructinna] effects are less

\

likely to appear. 1y when jearners perceive and carry out the

intentions bezhind instructional shmuhi i.e., when the
[ - .
nal stimulus functidns t® control the cognitive

ng of content as intended by the teacher, can the’ :

[~
-

Stimull can=account feor some ueakﬁe ses of v
instructional thecrles'iwlnne, 1982a). : o |

Several studies (e.g., Bassett & Kibler, 1975 Dansereaﬂ et
1

979; Hiﬁné IQSEb) have showed that students tra1ned to ..

al.,
aceomplish some or all thfee aforementioned cognitive tasks
learned more than untrained students. This study tested whether

eiementary school studénts tguld be trained *to perceive and to act

fﬂﬁ,iﬁstruct onal stimuli common in fecltstlan lessons: and whether -

4 N a

* these cﬂgﬁltive Dpefa tions would facilitate learning. ' &

The study proceeded in three phasés. During the first phase,

a random half of the students from two c]assraﬂmsl eaé% one .in a -

arate school, were giVEﬁ=ip5Efu§thﬂ in identifying two

o

ferent 1nsﬁruc.1anai timali presented in spec1ally produced

L]

1n fESpﬁndlﬂE differently to seach cue with

»rocedure that integrated .cognitive and wrxcten ‘components. As

<
(]
— g oM m v
1
[n]
™
]
o
I .
j«™
—
1]
i
]
o]
=}
V]
]
=
(=W
-

Eﬁfféggéﬁdiﬂg-téAfeEtuf%S of intended cognitive respo
students zecorded on speciglly'pfepafed:wgfkshegts provided

L - B = i .

fidehgé abg- the degrse to which they.carried out cognitive

g
featur s GE the :amﬁléte 1n5Equt1ﬂnE1 responses. Then, in bhasz

two, all the students in each of the classrooms VLEwed one

‘videotaped lésson on''the same topic as they - had experienced during

the training phase, and took multiple-choice and essay tests on

.- - v .. o'
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. . i
the information 1in thst 1ésgcﬁ. In the third phase, all the

®:tudents in each classroom viewed six lessons about a new topic

-

over a th*WEEk péf;ﬁd,‘aﬁd were administered multiple=choice and
i
achievément tests after the sixth lesson and again two weeks

later.

7 METHOD
. = o .x

= Y : .

Twe;Ey—EDur 7th grade studentd - ffnm one class in one s:hoal
and 25 7th grade sﬁudents from one class in a seccnd achaal were'
va1uﬁteers. Bath schools serve mlddlE class n21ghbufhaads in one
nf.the same schacl d1str1¢ts%as Study I. Within eagh class,
studentss were randomly assigned to a gfalniﬁg group (n = 12 and n

= 13) or a comparison group (n = 12 and n = 12) ui'~r the

constraint that groupd were apptaxzmate1y balance 1 hy Bex.

Materials : : .

Two curriculum un1ts were created, hﬁe aﬁ the atudy gf sleep
and one about apulled psychology (see Append1x A). »

The sleep currlculum was used in phases one and two of the
study. The psv¢halugy currlcuium was used in phsse three. A unit

consisted of 12 segmengs, each of which ptegented two cancepts.

Each concept’ was defined by two attributes. One defining

’

attribute.was common to both concepts in a segment.‘' Each concept

also 'had a second attribute which was unique to that concept. For

example, the segment on circadian rhythms in the sleep curriculum

" defined (1) the concept of bodily rhythms as (a) relating to . -

:?gtems éf the body, and (b) having cyéfes about 24 hours long;
and (2) the concept of psychological rhythms as (a) relating to

people's behavior Eﬂd (o) having cycles about 24 hours long.

ﬂécampanying each segment, -a text overview gave the title of

- the segment plus a short descriptive paragraph about the

informatiom to be presented. This paragraph introduced the label

for each concept presented in the scgment. Also, alf atudents

_received a workshéet for each segment. It presented the Eitléiéf%

the - segmenﬁ and fbr eacH of the two concepts in the segment. the’

H

concept labels tha two defining attflbuteg' and two shcrt examples-

-
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aF~éiE concept, gaﬂg of which contained representations ai the two.

defining attrihutes. . .

- Vidéotapéﬁ wefejpfﬁ?;~ « -~ % Tour students were taught
about %Qch segment. The Leorh’ Wi ‘ripted (;S-iﬁ ﬁiarkiiﬁﬂge;
Harx, ?eterkon Stayroar w Coojay .to he aféammnnsrééitatiﬁﬂ
lesson 1ﬁVQ1v1ng a ZFaz sy Lver» w, t- acher and 5§udeﬁt . .

'_présentatfgﬁ ﬂf two . - B% L. Canc Uk, Eeazth!queggians and
Eiabarat{ue Feéﬁn, ¢ FepgaT L, twodee: g' angwers, and a summary

(see Appen811 BY The - instruc. fom.al stimuli ware emhedded

withing Ehe-teag@inﬁ" " sn-y - ament. Two of tHese were intended
atn\ﬁe Functiénsjl% onf g’ et cwas for learners EBVEﬁESEE 1n.$ set
‘of-cagﬁitiﬁg and wv . .te  pers’ tans we labeled the cnﬁsn1{ﬂating
fEEpﬂnéé (gekcribed e _-a-ining). The third instructional

géiﬁuiug cusd %tudénng Loy ci;gage a secféf cognitive sndibehaviafaT
ﬁegcr{beﬂ under Trainiﬁg)

Training o I . -
? Dvéfviéy, Studenta aqsignéa to the treatment gréup were
trained tb percpive instructianal stimull that signaled them to
carry out cognitive and behavioral nparatinﬁs.i The 1nstructional

5c1mu1ua that cued cnnanliﬂaciﬁg responses to Instruétion was a

teacher 5Eatgmént or question concerning students' mastery of the
defining attrihutes of a concept gugh ss, “Make sure you N
uﬁdersgané the key features of hodilyjﬁif;adian rhythms” or "TIs
that really gleaf now?” The complete fnstructional response to
this ingfructicﬁal stimulus consisted of.-both cognitive and

written operations: (}) mentally vehearsing gécﬁ defining

.attribute two t{més;"(Z) reading and analyzing the first exampl e

on the wnfksneet to locate representations of each deFining

_Et;r{bute, (3) :irgling the wards in the example that TEprSEﬂtEd

each attrihute, nd (4) drawing a 1ine to connect the circled
material with 1'ts rgtrespcnding deFin*ng attribute. Two
consolidating responses vere eued per géngﬁt, vne for each of the
twogccﬁéépts. - ) . - '

These same students also were trained to make Cﬂﬂpafeﬂdﬁﬂ-

contrast respnﬂEESato an instructional stimylus thst directed them

TR 10

DJ-



to consider the shared attribute and ;hé unique attributes of the
two eaqce%ts in eaé% segment. An gxémpla of this instructional
ﬁtimaiuéiis the qués;igqi Do you see how bodiTy!fhythms and
gsy;haiaiiéal rhythms are the same and different?" The cognitive
and behavioral components students were to engage as a response to
this ingtrucEiOngI stimulug involved a gequence of four taskh:

(1) attempt to TEETIEVE from memory the défining attributes of
each concept, or flﬁd them orf thg worksheet' if this fails; (2)
.mentally 1d§ﬁt1fy which attr1b§£; is shared by the two concepts

“o'' on the worksheet

and whleh are unlque to , them: C3) place an
‘heside Tthe attribute shared by both concepts and an "x" beside the
attributes unique to each concept; and }A) mentally create an
answer to the éamparEFand =contrast questlan implied or stated in
the lnstructianal atimulus.

Training group. A random half of students in each é}EEéfaam

were trained to identify instructional stimuli during the .
videaéape presentation of a segment and to carry out the cognitive
and behavioral operations consgiﬁutiﬂg iﬂsﬂfuetional responses to
these cuesY Training occurred in five 32-41 minute sessions M=
37 minutes) distributed evenly over two weeks. The Eirsl ten

segments of the lzﬁsegﬁent sleep curriculum were used for

o
!

training. The general procedure for training, which took -plédce
one group pEf classroom, was as follows. ,
First, as the videotape was played, the trainer identified
Eﬁé firast occurence of an instructional stimulus. The tape was .
stcppéd and the components of the 1nstruc;10ﬂal response wvere
described and dem&nsttggédqﬁ Fallcw1ngsch1s, a test item uas
presented and the trainer described how the instructional respansé
consisted 6f applying the same cognitive operations to the gimilar
content in order to answer the test i'tem. éoﬂsaﬁidating responses
were related to multiple-choice items that required students to
analyze an example of a concept as they had to do on the
worksheet. CgmpafEEandscaﬂtfasﬁ responges were related to essay
items askiﬁgegtudEﬁés to produce an answer describing similarities
and differences hetween the two cénﬂepts in a sengﬁt;

Next, students watched the videotape and ‘were cued by the
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1ralnEf when the 1nstfu ctional stimulus was deliverud. The

students then attempted the instructional response. The trainer

ageording to ‘the GDEDIElveﬁplussthEV1nfal response strategy.
Then the test item was reviewed and the trainer reiterated how it
could be answered by using the cognitive romponents of the

instructional TESPDHSE'SSSDEI ated with the instruction 1 stimulus.

-]
e ]
rm

. Similar -pr ce and feedback continued for the remairing

B

i
segments. Consolidating responses were introduced on the first
. _

M
oo

L]

-]

day of training and

responses were introduced on the third day of training and

PfﬁttlFEd on that day and the fourth day. The following sections
; t

.to the two tra iﬂiﬁg groups by a single frainer. Appendik e
ript

regents the secripts used by the trainer to deiiver each. training
) } ' =
ession. ' , "

for the first Erain1ﬁg session were to: (1) -

*r
~
R
n
a3
]
T
=
u M
[
=
rr
i
L
Pe] }
Baom o
i
[+
e ]
la]
e
a
P
!
]
La

e "the instructional stimulus for
consolidate instructional fgspﬁnseslfeig%i "Maka sure you .
underastand about hypersomnia.”); (2) introduce and trs;:H:Euﬁgntq
to carry out the intended cognitive components for consolidating
nfo rmaﬁigﬂ; (3) train students to. provide ohservable written
ndic

HW

ww
ﬂ

ators corresponding to their cognitive activities: and' (4)

e and behavioral

<

mo vate students to carry out both the cognitis

sge actil

The SEESLGH began with a general introduction to the

experiment and a description of the procedures that would be

followed over the remaining sessions of training

students were told that videotaped lessons wauld be shown to them,
and that the trainer would instruct them in ways to thi .
notes chgt wnuld pfﬁmote learning Ehe information taught
lessons, They were informed that they would have opportun

practic

L]
™

¢}
a thinking strategy, and that they would - answéf test

O

ERIC

Aruitoxt provided by Eic:



items during training that were based on Eheiinfcf@atién presented.
in Ehé'vde§EHPE! They also were told that they would see twgé
short "lesscns" (i.e., segem ments), per daj on the videotape, and
were strongly encouraged to imagiﬂe that théy were in the
classroom in whiéh the videotape had been madé. '

Following this introduction, the students read the overview
ofzthe first segment on sleeﬁ. At this time, chey!aléa vere
rémindeﬂ that when they finished the reading, they should imagine
Ehs; they were in the classroom displayed on the videaﬁspé they
‘would wsﬁcﬁ next. At a point in the videotape when the te acher

-.said, "So is it clear what I-mean by bodily fhythms?"; the trainer
stopped the vidéctapé;snd pointed out the instructional stimulus
to students.. He described that it was a signal the teacher was
giving to tell students to think in a special Qayg The tfgiﬁer
then referred the students td the worksheet corresponding to the
concept referenced by the teacher’s instructional stimulus. . The
cognitive componerits of the consolidate response were then
described to them, and the trainer modelled for the students how

and what -they shculd be thinking by talking aloud through the

procedure. The trainer then described .the behavioral indicator of
this cognitive strategy by referring students to another worksheet

or which one half of the written response had been drawn in for
studenﬁg‘(i.é., ciféling-thg words in the example that represented
one of the concept's defining attritutes, and connecting that
circle with the attribute printed on the W§fk§heEE;‘sée Appendix
c). Foilﬂwing,ﬁhis Eirstfincéédugtion, the trainer reviewed the.
entire sequence of instructional stimulus, intended cognitive
response, and behavioral indicator. .
, For the next worksheet, corresponding to the second concept,
this same procedure waé followed except that students were
required to answer a multiple-chogice test item immééiately after
the videotape had been stopped and “before .the trainer discusseﬁ
the intended cogn1t1va response and the written indicators of
cognitive operations to be recorded on Ehé worksheet., As ther
worksheet was discussed, the- trainer pointed out the parallels

) —_— . . sl
between the cognitive operations students were to carry out during

93" . &
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teaching and th~ thinking thé% needed to do to answer tha - = -

mu, tiple-choice question they had just taken. Following this

deséription, Eﬁe trainer told students to turn to thg»muitiﬁ1e—

» cholece lteém and descrihed fafet'em;éxac:1§ how the Intended ér
cognitive response helped them answer this kind of question. ..

- These descriptions vere intended to ﬁra@iﬂe an incentive for
students Lo, use the éagnitivevrespanée during teaching. The
answer to EheLmultipTE‘Ethcé,quéstiﬁnbuas then provided to
students. R v

Tn the second lesson fccftesﬁéndiﬁg to the second segment of
the sleep curriculum) presented on this first day of training,
students were gliven an opportunity za'practiée the intended .
cognitive response and written indicators. This was Failaﬂe& by
feedback from the trainer concérning the céffeggness of what ’
students had circled in the examples. they analyzed on the
worksheet, and further description ahout how using th% intended

cognitive response would help students answer the test item

correctly: —
; The second training ses%ian”h&gan with an overview of the
congolidate 1ﬁteﬁd§d cognitive responze and hehavioral indicators
that hsd!bééﬂ trained in the first session,. étudents were
renf nded that doing these activities would help them: answer’
multiple-choice test items like those thev had experienced in the
. : i v _ % - - ——
preceding session. They were further reminded to try to imagine
Ehaﬁvthgv were "right in the classroom” they wére seeing on the '
videotape. As wgll,’ghe.tfa*ﬁer reminded them speéifiéaily of the
kinds of instructional stimull the teacher on the videotape used
to s{gnai Ehem t§=2ﬂgage in the c9gniﬁive and Eéhaviafaii .
operations ﬂéséribed earlier. i :
Following this introduction, the training sesslon followed
éSSEﬁtiéli$ the same routind.as the preceding one except that the

videotape was not interrupted when the instructional stimulus was
11 e

d. This required the students to respond witii’n a shorter

. deliver
time épani as they would have to do iﬁ‘311 suhsequent training
sessions and in later phases of the study. Tn this session, none

of the worksheets that students used had been mafked,pfév{auély to

i | o 108 o
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111ustraﬁe the behavioral indicators for thej consolidate intended
cognitive response.

The trainer bégan-the th1rd training sgssion by‘%eviéwing the
entire sequence of 1nehructlgnal stimulus, fintended cégﬂiti?é
EESPQHSE and behavioral indicator, plus thg relevance of thé'r
intended cognitive response for correctly panswering multiple-
choice quiz items, ‘ : o 7

Faliowing this intfaductiaﬁ, the vid—ata?e was pléyéd; snd.

gession two. WEEn the 1nstrutt10nal stigulus Eaf maklﬁg a

®

compare-and-contrast tESPDﬁSE appeared (g.g., "Do you see the,
difference between dreams you tend to remember and dreams you tend
to fo rget?") the trainer stopped the tape. He desﬂfiﬁéd what the
instr uctlaﬁal stimulus was and 111ustratad the intended cognitive
‘response by talking through the. cognitive operations the teacher
intended students to use when he provided this inétruﬂtiénal
stimulus. Studenis were next shown the behavioral indicator for
this intended cognitive response. Then the trainer had students
.turn to the next page of their booklet on which an ideai answver
had bééﬁ written for an essay question that asked students fo
compare and contrast these two concepts. The trainer explained
~how this secend lnEEﬁdEd cognitive response would be helpful Ln
answering short essay questions that required sﬁudents to compare
and contrast two of the concepts presented in the lesson. After
this introduction, students responded to the multiple-choice item
that was associated with content referred to by the preceding .
consolidate instructional stimulusi Then, they received feedback
abaut-their bahavigf§1 indicators connected with this '
instructional response and about gh31r answers to the multiple-
choice test item. h

Students were then shown the next part of the videctape and

told to practice lack1ng for both tvpea of instructional
stimuli. The videotape was not interrupted for the instructional
stfmulus,v1ntended,gagn151ve response, and behav1ur51 1ndic§téfé

- associated with?the consolidate strategy. It was stcpped

momentarily (approximately 30 seconds) fallow1ﬁg delivery af the

L
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éampare=aﬂd—gantrast ingtructional stimulus Eégailaw students time

components th!s stimulus 5{gﬁa1édi ng1ﬁw1ng th1s pst of the;
vl deotape, sgtudents fespnﬁded to the muﬂﬁiplefchoice item drawug
frofmt this second part of Ehe videotape. .Aﬁdt%ef compare—and- -
can:rést ezsay fuestion and its iﬂéai answer were ana1vzed in
terms of how the compatemand—tnntfast 1nténdEd cognitive response
would help students answer these kiﬁd: of que:t{ans. Then - both éé
types af behaviOFal indicators students had marked on their
x.wgfkshéeta_fofnthe second part of the Vldenﬁapé were reviewéd
whtie'the trafner prﬁv{ﬁéd Féeﬂbgﬁk Fina11y the answers to. the
multipleaghai:e question were reviewed as the trainer réicerated
how making the cansaiiﬂate intended rnaﬁitiua response should he1p
r§tudénts answer this type of question.
- Thé.ohjECEiVéS for the fourth tra1ﬁ{ng session were to have
students Egnginue to.practice identifying,bath types of
instfuctional stimuli, making both Evpeg,of intended cggnitive
responses, and providing the hehavicral iﬁdicstars a%sn:iated w{th
EEEh 1nﬁEndeﬂ cognitive response. This squign hegan with the
tfainer femiﬂdiﬂE students ty .imagine thev ‘were actually In the
claasstoom Ehey were saeiﬁgi' Then, stu%FnEs read the ovefv{%w,
Watched the videotape,® responded to the essay .and mul tiple~choice
test qﬁestiang, {in that oféér to svniﬁ prév*ﬂi%g:infcfmétian for
Eha essay answer ‘in the multiple chnice iteé) received Feeﬂback on
their behavioral indicators, and Ehan receivad feedhack about ‘
thelir answers to the test que§tiansi During this ]a%ﬁ activ{ty,
thé,cfaéﬁe;igmphasized how ‘making the intended cagnigiye resPQnges
during Eheilegsgn wauld=en%§nge students’ performance on both
types of test items. ‘ .
Ta the fifth and last session of trafning, students were
Jglven aﬂather opporfunity to practice all of the 5ki11§ they had
* been tgughﬁ in the pfecediﬁg sess{ansi Students read Ehe

1 overview, watched the videotape,: answered tﬁg

=

test questions,
received feedback on thelr behavioral indi ors for the two types
of: intended cognitive responses, and §na1yse§ their answers to the
test quéstiﬂns in EEE@S-QF their intended cognitive responses.

-~
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Test, Thorndike & Hagen, 1971) to gauge verbal ability.
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the teaching

jeotapes, wafk%heets, and test items). Stude

discussiﬁg the topics (range = 31 to 41 minutes, M = 35.5
minutes). . .
Instruments

Apt;tudéi Two wéeks befafe training, all students were
administered a- standardized vocabulary test (Cognitive Abilities

re (5]
segments of the sleep curriculum. , 4 consolidate score and a

compare—and-contrast score were obtaine
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instructional response. The hasis for this assumption is as
follows.
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constitutes at least one rehearsal of the attributes. As well, to

identify the two contepts’ s shared attributes, a mental judgment of
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t or even reading them, since they must
tes by elimination’. There i no behavioral
cognitive component, ﬂame1&, mentally Eramiﬂg an answer to a
compare—and-contrast question. We can only assume that students
ry out this activity because they
ransfer to the short essay test items.
The same kinds of scores were obtained from the worksheets
student had available for the psychology curriculum which was

delivered over four consecutive days CHgndav=Thursdsy of the

following week). The 12 cu
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(Appendix D) based on the psychology curriculum were administered
on Friday, the day after all of the students had viewed the last
three segments of ;he psychology curriculum. The mulziple choice .
and essaay tesgs for the psychology curriculum were readm inistered
to all studen;s two weeks later.

For botk the sleep and psych@lagv achjevement tests, essay

n a separate booklet and collected before

e

items were given first
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the multiple—choice items were given out. As each student
the essav items, he/she raised his/her hand, at which

or
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¢ ted theressay exam booklets and distrib

the multiple=choice test booklet.

(i
[a]

Scafing pfﬁéedu es. For the consolidate sc

re, one point was

awarded 1f the SﬁudEﬂE encircled the part of the examplel th
represented a concept's attribute and drew a line connecting the
attribute listed on the worksheet. Both the cird
nd unambiguous for credit to be
for each concept (one for each

e
with two attributes each). For the sleep posttest, the maximum

which behavioral indicator .data were av ,115b1§. For the

psychology Cufflcu1 um, the ﬁaximum é@ﬁs@lidate gcore w
b

M
[y
i
=)

because there weréuli segments for which béhS?LGf

llected.

were cC

2

"The compare- —and-contrast behavioral indic

a
derived by awarding one point for indieating which of the

‘attributes for the two concepts in a segment were the sama, and

o]

ne point for indicating the twe attr’hutes that were uﬂique. In
the latter case, the unique attributes for each of the two

concepts had};a be clearly indicated. Thus, there were two

‘possible points for each segment, one each for indicating the
; .

‘shared and the unique attributes: For the sleep curriculum, the

[n]

maximum score was four (2 segments x 2 points); for the psychology

LA

5
i ~ L . . . . .
curriculum the maximum score was 24 (12 segments x 2 points).
e

Multiple-choice items were scored as either correct or

c
Seven different scores were recorded for each essay item.
e value of zero
the unique attribute

-he two concepts had been retrieved correctly. The sum

e
ems ‘was calculated to produce the attr

Scores on this scale thus ranged from zero to eigh

Vo9 111



The third score indicated the degree to which the similarity

between the two concepts had been specified correctly. This score
£

was zero, one, or two. One was given i

was mentioned, and two was given for cor
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difference was mentioned. Another point was given for correctly

linking each unique attribute to its concept label when
identifying the difference between the two concepts. The sum of
these third and fourth scores for each item aggregated over Ehe

two essay items was calcu 1lated.to produce the compare- —and—-contrast
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ould range from zero through twelve.
Thae fifth score, having a value of zero or one, awarded a
point for including an example or elaborative incidental content.

- The sixth and seventh scores reflected two types of errors.

second tvpe of error was an 1nterchange o
concepts, that is, defining one concept from

un1qué attribute of the second ‘concept in that segﬁent, or either:
Etﬁflbuté of a concept in an@ther segmenﬁ. Fach o

had possible values of zero or minus one.

The sum of all these scores produced a total score for each
essay that could range from zero to eight. For the sleep
gurriculum, aggregating all seven of the scores on the two—item
test produced a total essay scale with a range from zer

o
.ores could range from zero to 32 for the four-item

-3
Lad
P
i
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y test. (A detailed scoring manual for the essay
For all fellowing analyses, the cfiginal sample is reduced to

37 (1% total in the trained group, 21 tota
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students had to be present for theachie
curriculum, the four days when the psychclagy ;ufficulum was -
presented, Ehe immediate posttests o

and the delayed psvchology achievement tests.

w
2

1%
&
o

i
‘esentativeness of whatever population these samples describe
e used in order to carry out
the very labor-intensive' treatments. Third, the stability of all
statistics based ori these small samples is dgubtful,: Although we.

follow conventions about reporting probabilities of type I errors

common in reésearch on Eea¢h5ng, we strongly advise 'against placin

'm

too much faith in ' ;ta€1st1ﬁal significance. Dv&f811; we
£

‘taken as descriptive of the

encourage that these analyses be

groups we worked with and the pra ses we explcfed rather than as a

-es
strongly probabilistic basis for inferences about effects in a

population,
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The third problem, i.e., instability, warrants sy

mention whenever aptitude—treatment interactions are
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remely small numbers of cases on which separate
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fegfessianisicpés depend. 1In many of these,ins Ea \ces, especially
in the analyses described later for Study IV, such interactions

probably reflect the influence of only a handful of students. We

]
L]

have reported these an lyses, however, because the effects that

were observed merit EGﬂSidEf tion in future research.

Nonetheless, we do not claim that these results are robust.
1 t

ai
- Replication studies need to.be undertaken to exp'érg he results
we present, and thereby test the specﬁl,t'

neen

Can Students be Trained to Make In

The worksheets students had available during the
: .
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consolidate and the compare—and-contrast responses. There would
r

mpari

be no reason to expect students in the co
tors on their worksheets of having made these two
a

kinds of cognitive responses tn the instruction:
t

presented in the videotaped teaching. 1In fact, this was the case
for both the sleep and the psychology curricula.

tudents 1n the gro Erai ned to use these intended

cognitive respgnses and E

»C
" I v ]
w

féfl ct rheir cognitive EPEf?EIDﬂ' on

"~
=2
o
-y

ir worksheets gEﬁérallv did so {see Table 3). For the sle=sp

[s)
of eight indicatoers of cénsaiidating, and all students scored

+ 'perfectly on the compare-and-contrast behavioral indications.

Transfer of this strategy to the psychology curriculum for trainad
e

students was successful. On average, thev used about three out of

the compare—and-contrast cognitive operations.

Another measure of transfer of training is the correlation
betwesen the behavioral indicator scores for rrained students
across the curricula. This was .44 (p = .03) for the
scores. The seemlngly law value i
restricted range of scores frem the s

correlation can be Cal:glatéd for the compare—and=contrast scores

e
m
(1]
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=
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there was no variance for these scores on Ehe sleep

c
Interestingly, the correlation between consolidate scores and

compare~ -and~contrast scores far the psychology. curriculum was -.52

1))

[+
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-
Q
o

(p = .01). We have no hypath sis about why this inverse re

"appeared.
Overall, then, these results provide evidence that students
can be trained to make cognitive responses to instructional
th a teacher'
.Moreover, students
tu

whether they actu
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TABLF & .

Means, Standard NDeviations, and Maximum Scores for Behavioral
Indications of Tntended Cognitive Resmonses for Trained Students
Study IT -

Curriculum ’ fonsolidate Compare-and-Contrast

Sleoy . 6.94 (8) . 4,00 (&)

Psyehology ’ T 34,13

.,

{ . . o

Note: Upper numhers are means, lowl2g numhers are standard deviations.
Numbers in parenthéses are maximum scores. -

'
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demonstrated here, but we beiievé that 1Dn§;iéfm,tfaﬁsFéf almost
gurely would rquire some kind of sr=tained practice coupled with
an envir Eﬁméﬁf that prv1ded incentives for students to maintain
thase responses to teaching. This need is implied by the decrease

,heéé skills during the psychology
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curriculum, particularly with regsrd to the consolidate

-instructional resgonse.

Intended Cognitive Responses Re?ace to Achievement?
er

auge the relation between students' use of intended
re

M
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spons ations were computed y

between behavioral indic

a
“trained students (see Table 4). No statistically reliable

relationships were observed among the psvchology hehavio
c

ral
indicaror scores and psychoiogy achievement scores {(p <« .10)

{Recall that correlations involving the gleep consolidate scores

COres -ara

D]

or either psychology incended cognitive response

anges.) 1In sharp contrast and

atte ugted due to. restricted
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renuated variance, the behavieral

7 it
indicator-scores for consolidate responses in th
t

o]
13

sleep curriculum

itive and fairly consistent relationships with

t
all measures of achievement.

displa i "0
intended EDgﬁiEive fespanse more fréqQEﬁﬁly) while v;ew1ng the two
videotaped lessons upon-.which the sleep achievement tests were

based, tended to have higher scores on all three assay scales and
one of the three multiple-chocice scales. Yet th

h i
did not hold for behavioral 1ﬁdicatars completed during the

low to moderate correlation may be an artifact of attenuated
variance, it ié also possible that students' use of intended
cognitive responses did not transfer optimally from the sleep
ecurriculum to the psychology curriculum. It may have been the

case that the more capable learners acquired the intended
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TABLE &4

Correlations among Behavioral Indicator Scores
Achievement for Trained Students
Study I1

and

Achievemegt Measures

Behavioral Indicators

leep

L]

Psychology

Consolidate

Compare—
and-
contrast

Consofidate

Compare=
and-
contrast

Sleep
Multiple-choice 24 < - -
Attribuces recalled 43* - = -
lompare-and-contrast 50 - - -
Total essay 36 - - =
Fsychology
Multiple—-choice 57% = 35 08
Attributes recalled 52% - 30 00
Compare—and-contrast 57% - 13 16
Total essay 59% - 20 10
Delayed Psychology
Multiple-choice 20 - o114 16
Attributes recalled 60* - 22 21
-Campate?apd-gﬂﬁtrast 57* - in 33
Total essay ‘ 60% - 12 25

measure.

* P = !Q"_‘}‘

two—-tailed

Ne correlatinns can be calculated
contrast indicator scorss because
Decimals have been omitted on correlations.
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ni

pééhaps failed to record behavioral indicatars of their cognitive
rezponses to instruct onal stimuli during the psvchology
curriculum. However, witheut datra regarding individual

differences "in aptitude that describes attention to instructional

-
A1

stimull and pe:cepciaﬂ of intended cognitive responses, thi
Lo o

to make- this comparison. The backwaﬁé—se?éctian procedure begins

by entering all possible predictors in the regression equation as
one set, and then removes predictors individually if they fail to

i. The criterion used here was that

meet a predefined
restdualized predictors were remnv&ﬁ from the multiple regression
equation 1f the F-statistie testing the praportion of variance
aceounted for by a predictor had a;type T error exceeding .10,
Thus, this regression analysis retains only res idualized

predictors that account for a statistically e eliable (at p 100

a
portion of variance in the dependent varia h1e- Morecver, this
a t

procedure has the property that, following the elimination of all

SEELlSElCaily unreliable predictors, the femalnlng predictors are

mutually residualized for one another, therebv making them

Throughout €
in regression equat
sections that descr
this practice for si
that the corresponden
i
a

mPIICIEy of expression. 1t must be reme mbETéd
nce is not perfect between the operational
definitions of variables that yield raw data and the staris tically
1 vz bles contained in a regression equation (see
Y er words, the construct which we imply by
using a label for a variable's operational dEFlnlElEn is not .
i i uct reflected by a variable's lahel after
u,lized in the process of dgiﬂg a multiple
regression analysis. Resources and practical constraints .
prohibite:l us from following procedures Winne recommended that
might have lessened the potential difficulties entailed by this

lack of correspondence.
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“of four types of achievement (multiple-choic
ntr

cfthaggnaii To express the extent to which each residualized

predictor accounts for variance in ths dependent variable, we

fepgrt squared part (or semipartial) correlations., These are

at
correlations between the predictor, as residualized in the context
ﬂ

of other prediectors remai

Three major categories of predictors were-entered at the

first step in the backward selection regF¥ession analvses., One was

f the students' verbal ability, their vocabulary score

"

e ut the grand mean. The second category of predictors
consisted of tw tors

0 effects—coded vectors. One compared the trained

and comparison groups, and the other contrasted the two classrooms

from the two schools in this study. For the comparison of
experimental groups, the group that received training was coded +1

and the comparison group was coded -1. The contrasts between

icular meaning becau

e we do not

]

c ]
have sufficient information regarding the qualities that
£

statistical power and confound reliable variance with ertror
variance. Thus, the contrast between schools was included to

reduce the fésiduai mean square in the regression analyses,
thereby increasing statistical power for t

training and comparison groups. A third category of predictors
were aptitude-group interaction terms created by multiplying the
vector representing vocabulary and the effects-coded vectors.

Twelve separate analyses were done, one corresponding to each

in the essay items, compare-

=an
tems, and total essay score) for the sleep curriculum. the’

i

immediate posttests on the psychology curr1cu1um, and the delaved
t

psychology tests.

L]
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Descriptive statistics are displaved in Table 5, The resulets
ffect

of the regression analyses and eff sizes for differen

m
"

g c

between groups (difference between adjusted means divided by the

square root of the residual mean gyunare from the regression

an Eiysis) are presented in Table 6. Group differences are
eported 1f they describe effects_that would be statistically

rél able at least ten times :per hundred camparisﬁns (p « .10

More than traditional allowance for type 1 error was adopted here

for exploratory purposes and to increase statistical power.

‘l'!.l\

es we intended

on
fits, particularly on

the egsay tests for the sleep curriculum, but there cléarly were

them to make during instructien had some bene

no large and consistently poszitive ecffects. The effect size
statistics indicate that an av

v
roup (at the 50th percentile) whe received

increased scores, rtela

[ad

ive to the compariscon

on the sleep attributes recalled scale to the 68th per

on the psychology multiple-choice test to the

reliable aptitudEﬁtfesEmEﬁt int
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s). The general
absence of statistically reliable relations between behavioral
indicator scores and achiesvement scores (see Tahlgré) suggests
th 1 1

t se éc;ing students for their performance levels on behavioral
d

re responses wou'd not alter the

in v
di ecﬁ;an of the preceding findings. Tn addition, the behavioral
riculum clearly show that all the

T
indica tcf scores on the sleep curt

students had mastered the cognitive operations they had beean
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.. TABLE 35

adur! Deviations, and Correlations

BL B el s Azang Veocabulary and Achievement Variables
s . Study II
e M s 1 2 3 5 & 7 8 9 10 11 12 113
; 1, T2 o . . - . -
oot .21.63'  4.62  Te- SO 31 39 37 62 52 45 52 44 49 43 51
22.62 4.78
. 5.50 2.10 71 51 &2 B3 57 48 50 56 439 44 55 53
5.7& 1.87
i .13 2.i6 84 87 95 65 45 44 50 63 52 S50 53
a5 s )
EN o6 67 93 62 55 61 &3 62 5% 81 B3
: 67 -
25° - 72 68 53 54 B0 64 59 &0 &2
.39
. 85 71 55 6% 87 70 63 7i
I, T3, o 87 93 72 84 31 8as
3 #
3. [ 78 96 &1 72 B5 80
g £
3. 14.44 11.81 85 72z 78 87 85
7.25 8.00
10, 2.61. : BB 70 &8 73
4.01 .
i, 3.42 ’ 85 87 3%
3.72
12. pelayed Compare-and=Contrast 4,43 . T o@o 97
4.18 .
- 87

1 Upper the comparisen group (N=21). Heans
are

2 Alpha reliability co=ff fBecimals are omitted in these and the corro—
iazigﬁs; - - -
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Dependent Variahle Fredicenrs 1 F/e 2] E
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Schaal =, 40 -2.78 .01 .15 =
Canstant f16.68) a4, 27 =.01
Arerfhutes recalled Tat.al equattan 11.33 .. 01 .22
vacabulary L4S 1.%7 .21 .25
Conscant 4.0 g.33 <. 01
Compare=and=conlrast .01 .27
.7 .03 W11
-.28 .08 .06 ,
f h.94) =, M
Fusgv Test Tarul equatian : 12,95 =, M .24
Vacahularvy 251 3.52 =.M .26
. onstant 12.14 11,07 =, 0
! F=gtatistlies are repnrtpd far the regres=ion equation contalning all predictora
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2 - .
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A number of possible interpretations of these results can he
offered. One inte feets of the

perceive the intended cognitive responses associated with
jnstructional stimuli has little transferable impacr on students

learning. Thus, it could be claimed that the perceptual training

to attend to instructional stimuli increased the salience of
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trained students ta use whatever cognitive strategies they had
developed prior to training on content that was easier to identify
as important. As a result, the students developed more elaborate

networks in long term memory for the sleep content. This aided
1

the more elaborate semantic net
not provide them with an advantage vis a vis the comparison

group. This difference in performanc
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itegy training. Tt is possible that the

eptual training was inconsequential, but that the cognitive
atrategy training was successful. Thus, in learfing the content

h ep segments, the trained students
employed the cognitive strate egies that we had raught the Teading
to more elaborate semantic networks. However, if perceptual

training was inconsequential, the cognit

o

ive

i

trategy may have heen
used at times throughout the lessons that were not cued
specifically by the instructional stimuli. From
explanation parallels the ﬁ%;vigus one, namely,
astudents developed relatively more elaborate networks

i fo rmatiﬁn but did so under their own guidance

cues from LﬁEEfuZCLGﬁEI st1mu11ﬁ
Neither of these = planaglans adequately deals with the lack

of tranafer of scores for the behavioral indicators ohserved

12 124



O

ERIC

Aruitoxt provided by Eic:

during presentation of the psvchology curriculum. Again, however,

the lack of correspondence between the frequency of use of the

-

cognitive strategyv and achievement in psychelogy is puzzling. One
T
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explanation is that the use of the
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psychology curriculum was not hélpfu But if so, why were there
posi tatistically reliable correlations between
behavioral indicator scores and achievement on the tests for the

sleep curriculum when the structure of these two curricula was the

same? Tt may be that different students used the behavioral

indicators more frequently on the two curricula as suggested by

the correlation between the two bshavioral indicator scores
{(r=.44). Some individual 1Ef erences construct other than verbal
ability may account for these results. We have found in another

study CHarx; Winne, & Howard,

locus-of-control appear to be unrel

perceive and execute a teacher's intentions for students'

cognitive pfacessiﬁg, These two constructs, then, could be
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Further GQuestions about Students' Responses to

Teaching in Aﬂaiag Settings
INTRODUCTION

The results of Study 1T indicate that elementary school

behavioral indicators represent valid traces of the cognitive
13}

operations students were taught to apply to information provided

1
sarlier .study (Winne & Marx, 1980), we found that
d t

i
I
n
D
"U

onent CDgEl tive

strategv to use in response to instructional stimuli delivered in

they ha
idiosyncratic cognitive responses to teaching that they had used
before we trained them in ours. 1In additien, use of the strategy

after only one hour of training had a detrimental effect on

learning compared with contrel groups.

In that study, we speculated that, for many students who

tried.to use the strategy we had trained, working memory capacit:
was strained by the requirement that they retrieve, sequence, and
execute the mponents of a new cognitive strategy while they were

t ec
simultaneously attempting to attend to info rmation being delivered.
fg the lecture. What ‘these s uden;s tald us in
ct

i
ations fo 1lowing formal data collection was hat, 31th ugh

0
g
!
<
.
n1
MI\
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them to use, they were not proficient encugh at carrying out thoase

strategies to record in their notes a'l the content that was heing

-]
i
m
L2
1

T
Ll
s}
o
i
=
ot
£
1]
.
1]
[
€
o
]
=3
~
i/}
la
—
[»

I
=
ja ]
e
)
W
il
)
LU
i
"hl
’1‘
[
=
-
]

uite likely were noct app]ied to concepts as

we intended. 1In turn, the hypothesized
gsiﬁs in achievement relative to'a control group would fail to

appear under these conditions because the strategy was not used

vi

m

1d the findings we expected may relate to students' ability to
pay attention to the lecture. Attention is a limited cognitive
resource (e.g., see Calfee, 198l: Anderson, 1980)° ‘that can be

1

channeled to external information, such as concepts b

n a lecture, and to internal cognitive aétfvvtigs, such

e

presented

as retrieving and sequencing procedures for learning EQHEEPES

being presented in a lecture. When attention is sed primarily

]
on external information, there will be little of
that rema#ns available to monitor internal cognitive activities if
the iﬁfﬂfﬁatiéﬂ being presented externally is 1
unfamiliar, or fast paced. Alternatively, if internal cognitive

activities are not automatic, and therefore demand considerahle

attention to carry o6ut, not much of one's attentional resources

_will be available to devote to perceiving information emanating

from ex:erﬁal sources. The external information that is not

w automaticity, then, the poor showing
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training environment as a source for the sbggnse-cf effects

eing perceived
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In designing the training procedures for Study I1II, we saught
at students would achieve automaticity in executin
and the compare-and-contrast intended cagnitiwe

g
responses. The behavioral indicator scores for the immediate test

showed that we were feésaﬁablv successful in thi

attributahle to any or all of: (1) sufficient leng

(5 sessions), (2) practice and feedback about execu
b

ntended cognitive responses, {3
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ntended cognitive responses because of
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with cognitive activities involved in answering test questions,
and (4) trainiﬁg usiﬁg a format and medium that matched that which
achievement (i.e.,, worksheets and videotaped Egachlng)! Thus,_

tudy I7 demonstrated that students could be trained to use a new

il
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cognitive strategy when cued by instructional stimuli. These
lents, however, were not as robust as we had expected with

respect to their transfer to a longer cufriculum, nor were the? as
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* A long history of research supports the necessity of the
first and second features, namely, sufficient exposure including

ractice ‘plus Teedback, in t

o
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rain
xpertise in tasks somewhat like those we taught in Study II

. g., See Efé?ﬁ, 1978). We‘fudged on logical grounds that the
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c
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videotape and worksheset components of thz rraining
t

s
or inhibited their positive influence on learning.

This was accomplished by sreating a total of thrae

to

hey might interact with one anather in

omehow interfefed with transfer of the cognitive

tes

Tt

the

a manner

strategies

rreatment

groups and two comparison groups. The three treatment groups all

clved training of the cognitive strategies. one

“h WO comparison
students were Etgésed to either rhe videotape only
plus-worksheets, but they were not taught to use a

cognitive strategy. The Videotape-plus-worksheet compa
iv

included the same activities as the comparison grou

II. A comparison group that only read the worksheets was n

included since this would invelve onlv minimal instruct
would have reduced group sizes to extremely low number
METHOD

Participants

A total of 70 seventh—grade students from thre
one school were volunteers in this studv. The scho
lower middle—-class neighborhood in the same school
that which participated in Study II. Students from
three EiESSfEéES‘WEFE pooled to form a siﬁgié popul

randomly assigned to one of three treatment or two
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viéeétapes; one with only the workshests, and one with beth the

pafiiéa

P
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in

v the

Study

(o]
"t

tion and then

comparison

-hat groups were approximately

balanced by sex and for their representation from each of the

three original classrooms.

Materials

The same curriculum units, worksheets, videotaped lessons,

Three of the five group

referred to as the worksheet-plus-vide

w130
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make intended cognitive responses. One of these groups,
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used in Study IT were used here (see Appendices A-E).
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received exactly the same training as the group traine
P
group, received the same training a2s described in the
experiment except that student
d

which te recerd behavioral ind
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videotape provided an iﬁstfucti@nal stimuius, the trai
simultanecusly turned off the videotape and turned on

projecter. Thus, students in the videotape-only condi

group were being trained teo make intended cognitive re
to mark the transparency in t
al indicators that were being taught to th

ar.
in the worksheet-plus-videotape group. 1In other words
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training group received exactly the sam

instruction as did the worksheet-plus-videotape traini
a

sponses,

he same manner

e student
, the
e

ng group

a8

]

roup could

the mental eguivalent of the behavioral indicators while looking
t

at the projection of the worksheet. As the training se

progressed, the trainer stopped turning off the videot

stufents in the videotape-only group were required to

o

their tasks in the same time available to students in
ape-plus—worksheet group. 1In this group, then,

hing that those in the worksheet-=plus-=videotape

y
extept write o behav1mral Lndlcatars for intended co
o

the
students
group did

pgn 1Eive

did

g, C herwasa, all aspects of the traiﬁi,g in this group

r e
(e.g., answering test items, receiving feedback) were the same as



those for the videotape-plus—worksheet group.

ve training in this studv did not

m
o
m

The third group to rece

view the videotanes of the lessons. They onlv were provided the

T
w

me worksheets that were handed out ‘n the workshest—plus-—
videotape training group and were instructed in the int

cognitive response and behavioral indicaters. Thus, this group
nst i a

videotape—-plus~vorksheet group.
There were two groups used for comparison in this study. The
first of these, labelled the videotape-only comparison group,
d

merely watched the vi eotapes of the lessons, answered the test

questions, and received feedback about their answers. They

)

ructional stimuli, intended cognit

ve
sponses, or behavioral indicators. The second comparison group,
called the videotape-plus-worksheet comparison group, were handed
the same worksheets as dEsEfibEd previously to accompany the
videotaped lessons in which they were participating. However, no
reference was made to instructional stimuli, intended cognitive

responses, or behavioral indicators during the sessions. As well,

of intended cognitive responses that were seen in the videotape-

plus—worksheet condition. The videotape=plus=worksheet comparison
group thus received exactly the same experience as the comparison
group in Study II.

The range of times for Eféiﬁlﬂg sessions and the mean time

double segments abauﬁ sleep or viewing th

presented in Table 7.

RESULTS AND DISCUSSION

3

he analyses repatted iﬁ the following sections, the

e
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original sample of 70 stude is reduced to 44. The joint
t

ent
1Efia used to select students who would be included in the
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analyses were the same as those for Studv IT with the added

requirement that students who
intended cognitive responses had to be present for at least four

of the training sessions. The analvses for this experiment

parallei those for Study TI.
d

videotape group in Study II on the consolidate behavioral

The worksheets used by studéﬁts in the uarkSheetsaﬂly and

worksheet=plus=videotape groups were scored for students’ use of

the consolidate and the compare-and=-contrast responses. (Recall
d

that the third group to receive training, videotape-only,
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d e
trained groups are displayed in Table B. With respect to the

the consoclidate intended cognitive response
on the sleep curriculum, students in the worksheet-only gfauﬁ
exeeu?éd an average of more than seven out of eight components of
the behavioral indicator. Students in the worksheet—plus-

at

]

videotape group, while performing a

nonetheless provided approximately 75% of the hehavioral
indicators of the consolidate intended cognitive response. 1In
comparison to Study 1I, the lower mean for the worksheet-plus~
videotape group is attributable to two students, one of whom

scored only one (of 8) on this measure and another of whom scored
only two. Overall, both groups performed well in providing the
behavioral indicatafs for the compare—and—contrast intended

cognitive response.

On the psvchology curriculum, the worksheet—nnly training

group performed to about the same level as did the worksheet—plus=

1ﬁd1E tion score. The Sﬁudv ITI wgrquEEE —-plus—videotape training

group p rformed noticably less well than its counterpart in Study
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Means,
Behavinral

Trdieations of

Students Trained

TARTLFE 2

Study TTT

Srandard Neviations, and Maximum Scores for
Tntended Cognitive Respanses
to U'se Warksheets

£

BN

Consolidate

Compare—and—contrast

WUnrksheet nnlv

Sleen

Worksheet—plus—

videotape

7.473
.96

€ 4y

Unrksheet onlvy 3

)
]
a
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=
o]
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Worksheet=plus—

videotnae

(48)
27,40
11 .62

23,70
1.50

23.20
2.53

lpper numbers are means, lower mmbers are standard deviations.
NMymhers in parentheses are maximim scores.
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11, although the lower mean can be attributed primarily to one
student in this group who naver provided behavioral indicators.
If this student is eliminated, the mean for consolidate scores

rises to 30.44. Both training groups performed: equally well in

providing the behavioral indicators for the compare-and-contrast
intended cognitive response on the psvchology curriculum.
Correlating the scores for behavioral indicators recorded

fan

during lessons on the sleep curriculum with those obtained during
lessons on the psychology curriculum gauges the extent of transfer

of the use of the cognitive strategies a~rvoss the curriecula. For
t

—only training group, the correlation for consolidate
a

ted because of this group's zero variance
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With the possible exception of a single
failed. to provide behavioral indications o
responses, these data show that students can be trained to carry
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ver, the extent to which these students executed

students who-were trained to make intended cognitive responses can
carry them out during instruction. Transfer across the two
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_training group, but near zero for the worksheat-only tra aining

group. We have n'itth data nor a theoretical argument to help us
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indices of achievem

o e
To investigate whether students' use of intended cognitive

T
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sponses reflected by the written components of the instructicnal
responses was related to their achievement, correlations were
caleulated between behavioral indic

c
scores (sec Table 9). These correlations must be interpreted very
1 t

cautiously owing to the small group sizes. Nonethe

are quite clear in showing that consolidat
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responses evidence no statistically reliable
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despite small sample size in the worksheet- plus -videotape graun.
Correlations between compare—and-contrast intended cognitive
responses and achievement could not be calculated for the

worksheet-only group due to zero variance on the intended
t 1

f the oth

.were quite 1au bgtween all measures o

-

ﬂychalagy éutrl;ulum and students' use of

-ted by behavioral indicators of
t i

o
at
rast strategies. Thi

g

iﬁ';;udy II. 1In Study I1I,

hnwevef, there were moderately :trang and statistically reliable

" correlations between hehavioral indicators for consolidate
& \ te

jinstructional responses taken for the sleep curriculum and several
nt from hoth curricula, whereas these

relations were not replicated «in Studv I1I. Rather, the trained
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TARLE 9

Correlations Among Behavioral Indicator Scores and Achievement
for Students Trained tc llse Worksheets
Study T11

Behavioral Indicators

Compare- Tompare-—
and- and-
Achievement Measures Consolidate contrast CGonsolidate contrast

Sleep
Multiple-choice -1 -

Attributes recalled -09 -

Compare—and-contrast =06 -
-20 55%

Total essay . —11 -

Psvchology
Multiple-choice -25 -
=24 18
Attributes recalled 03 =

09
=06
113
40
Nz
08
09
27

W BN

Compare—and-contrast =16

~
%
i

5
Total essay -06 -
=14 7
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Delayed Psychology
Multiple choice -46 - -14 -13
03 33 35 06
Attributes recalled =10 = : 34 11
-13 .53 -05 19
Cor:, Aare -and-contrast - =Z7 - 24 ~14
=11 61 03 25
Total essay =11 - . 30 09
: -05 59% . 08 24

Note: Upper numbers are correlations for the Worksheet only group
(N=7). Lower numbers are correlations for the Worksheet-plus-
videotape group (N=10). (orrelations could not be computed
between sleep compare—and-contrast behavioral indicator scores
and achievement for the Worksheet-only group ‘due to zero
variance on the behavioral indicator variahle. Decimals are
omitted on correlations,
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group in Study IIT that was com
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I1, there were three major categories of predicters. The first

category included only students’ vocabulary scores, deviated ahout
the grand mean. The second major category consisted of a set of a
d

designed to provide infrmation about differences
r

between groups of particular interest. The contrasts are
presented in Table 10. The first contrast examined differences

roups had heen trained to
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oups who watched the videotape and had worksheets, one

ors. The difference between these two groups was
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made versus viewing a projection of the
worksheet. The fourth contrast examined the effects of training

students to make intended cognitive responses when they were

‘provided only with the worksheets versus being able to watch the

videotape and use the worksheet. Thus, contrasts one and two
explored the relative contribution of training students to use
intended cognitive r esponses within one training mode. Contrasts

three and four compared the training components from Study IT and

tested the relative contribution each component made to the

vocabulary scores deviated about the grand mean.

5 the case in Study 11, the vectors representing all
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a
these predictors were entered into the regression analysis at its
P

5. Theréafter, pfédi:targ that did not account for a

t
variable (p 5> .10) were removed from the equation until only
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TABLE 10

A Priori Contrasts Among Groups
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leotape + Worksheet Videotape

Videotape +
Worksheet

™M -1 0 0 1 0

c? 0 -1 0 0 1

3 0 0 0 =1 1
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predictors meeting this criterion for statistical reliahility

(p ¢« .10) remained.

tatistics for the vocabularv and achievement
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data from Study I1I are presented in Table 11. The results of the
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more than traditional allowance f tvpe 1 error was made since
th1s experiment was exploratory and involved very small group
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contrasts are discussed first, followsd by cnnsideration of the
aptitude-~treatment interactions. As is discussed below, by far
the most interesting and theoreticallv rich information is found
in results involving aptitude-treatment interactions.
1ts of the 12 regression analyses
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contrast score served as the dependent variable. fﬁut evén in this
equation, vocabulary was associated with a statistically reliabl
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aptitude-treatment interaction term.
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TARLE 12

Backuard Selectlon Begressioan Analvses

¥
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c1 -.36 -2.780 .0 12 =16
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7
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TABLE 13

Summary of Statisticaily Reliable Effects Invelving Contrast
Coded Vectors from Backward Selection Regression Analyses
Study 1717

Contrast Dependent Variable Nirection of
Effect

1 Sleep multiple choice

Sleep attributes recalled
Pasychology multiple choice

Delayed psvychology multiple choice

o4

2 Sleep compare-and-=contrast -
Sleep total essay -

[

Psychology multiple choice ’ +

4 Delayed Pychology multiple choice +

ATIL

1 Sleep attributes recalled +
2 Sleep multiple choice +
Sleep compare—and-contrast +

5leep essay total +

Psychology compare-and-contrast +

Psychology essay total

w
+

Delaved Psychology atiributes recalled

‘+‘

4 Delayed Psychology compare—and-contrast
Delayed Psychology essay total +

F]

Note: The direction of effect for the aptitude-treatment

line for the trained group.
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The first contrast compared the two groups that viewed the
videotapes where one of the groups was trained to
cognitive responses and one was not. On three of
variables (sleep attrihutes recalled, psychology multiple choice,

111

and delayed psychology multiple choice),

]
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execute intended cognitive responses outperformed their untrained

rpartsi The Efféét size statistics for these three

p o
erformed the trained group. The effect size was a large

utp e
-1.65, indicating that the average trained stu
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fifcth percentile on this scale in contrast to the average student
in the comparison group.

From these analyses, it would appear initiﬁliﬁ that training

"

students to use intended cognitive responses on ma

T
ined tc make inctended cognitive responses. This contrast

trai

replicates the between-group comparison in Study 1I. Main effects
“for this contrast were found on two dependent vafiabléé;wggﬁﬁ of
which were derived from the sleep essay test. On both sleep
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Both of these effects were fairly strong, with the average trained
t

iy

i:dent scored at the 26th pe ntile in contrastc to the average

comparison group student on the sleep compare-—and-contrast
ay

ize for

variable. The effect s sleep ess total score placed the
average trained student at the 21ist percentile realative to the

average comparison group student. The main effect for the
a £

Lau!

wo groups did not appear in the analyses o
v or delaved psychologyv test data.
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These data suggest that the.training ‘was deleterious sgain,
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However, the aptitude-treatment interaction analyses m
interpretations considerably. Before turning to discuss these

more complex findings, the data c comparing the full training
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package (videotape-plus-worksheet) to the videotape-onl
worksheet—-only training groups are presented.
Contrast three compared the QiﬁEDEEPEiDﬁ]y group to the .
videotape~plus-worksheet group. Contrast four compared the
worksheet-only group to the vldéaﬁape plus—worksheet group. There
wag an effect for the former on psychology mnItipIéschaiée and for

cales. Both

W

the latter on delayed psychology multiple-choice

‘effects were somewhat strong, elevating the average student in the

group t3231§iﬂg full training, in contrast to the average student

in the respective comparison group, to thc 8lst percentile for

re o

contrast three and the 86th péfEEﬂtlle for contrast four. Thus,

there appears to be no support for the hypathesis that the
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interaction terms in the regression analvses. All indicate a
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students trained teo use intended cognitive responses, and a

negligible or slightly negative relationship between vocabulary
and achievement for the untrained students in the comparison

groups. ;
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Contrast one was involved with only one aptitude treatment
the sleep essav test. 1In this case the slnpe for the videatspe—
only treatment group was .48, and the slope for the videotape-only
comparison group was ,03.

Contrast two was involved in five aptitude-treatment
interaction terms, by far the most ef all the contrasts. These
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group in these seven dependent variables was from .27 to .94,
while the range for the comparison g+ oup was from -.08 to —-,42,
Eant}ast three interacted with vocabulary on the scale

meaéufing the number of attributes recalled on the delayed
psychology test. The regression of the number of attributes

zabulary for the videotape-plus-worksheet trained
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group resulted in a regression coefficient of .42, while the
tr

comparable statistic for the Videotape-only trained group was
-.01. Similar éptiﬁudEEEféatment interaction terms were found for
ntrast four on the delayed psvchology test. On the essay total
score and on the cnmpafé -and-contrast score, the videotape~plus-
worksheet students with higher vacabulé?y égafeg achieved more
highly than b@th their lower ability pgéfs in the same group and

the students in the worksheet-only training group.

CONCLUSIONS TO THIS POINT
The results of Study 1 indicated that studen
cognitively active as they responded to teaching

The data shawed that teachers
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be a high degree of correspordence between teachers' intentions

and students' cognitive responses. We interpreted the findings

ve madiational model

e

t
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from Study I to hﬂ&d promise for the copn
as a means for guiding research and suggested that the phenomena
warranted exper1méﬂta1 analygis, Studies 11 and 11T were
designed, in part, to dPEEfmiﬁé if elementary school studen
could he taught to respond to instrutional stimuli svstematically
with strategic cognitive operations.

Studies II and III provide abundant evidence that students

rning in classrooms and
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that these strategies can be emploved by students in a simulation
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L
=2
w
rr
€
[w]
Y
]
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sessions by tracing components of these strategies on rhe
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on the behavioral indicator for the ﬁﬁmpare —and=contrast cogn
f

ep curriculum. The other group trained to use

re
=
1]
=
]
=
1]
L]
o
)
1]
i1
a1
2
'
I
=
(]
iy}
]
™
=2
, [}
b
I
-]
b
o]
=4
7
bl
H
e
=
:m
\DL-
[} fa |
al
o]
=
~J
wll
e

response,
to 93% of the méxiumum score.

It was not difficult to tr -ain students to make intended
ognitive responses during instruction that also could be

: 'his finding‘is valuable

for three reasons. First, that students did not rebel at the task

odes
1 model. Researchers will he able to design

treatments that include students' cognitive mediations as

independent variables in experiments by training these mediations
first, and then verifying that students use them during
t

téathingg This check on implementa

tion validity is a necessary
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become an impéftant input to teachers' interactive decision

strategies over time from one curricular area to another, and the
utility of the strategy for acquiring curriculum informstion

test.questions. These latter

q
answered by the latter two studies.
" The be

st set of data for-examining whether students' were
able to use both strategies that they were taught to apply during

the videotaped lessons was in the psychology curriculum. Because
t

indicator scores f psvchology was unexpectedly -.52. Assuming
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that the behavioral indicator data reflect students' use of the
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y 11T were .22 for the videotape-

or the worksheet-only group. Jdiven

that means were high for behavioral indicator scales during the

sleep curriculum, some students under some co onditions were quite
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Several speculations can be offered ahout whv the stability

of use of the intended cognitive responses was not higher. First
although the students in the two studies attended very similar

3
schools serving what appeared to be similar populations, there may

have been individual differences among the students related to

between=school factors acro.s the studies that influenced the

results. The vocabular .ores for groups in the studies suggest
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that the two samples were similar, at least in this respect.
However, there may be individual differences arising from factors

paricular, some students may be more ca pable than aEherg at

1982) that individual differences in locus of control and field

independence wéfe not related to students' ability to perc
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cues that teachers use to signal their intentions for students
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udy and Studies IT and III reported here were
based on videotape simulations of recitation teaching. Thus, it
becomes doubly hazardous to generalize these unstable findings to
classroom contexts. Research in naturallv constituted classrooms
is needed to explore these relations among aptitude for perceiving

ive responses and achievement in more ecological
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alid settings. The five related studies repo orted in the next
chapter are one such extension.
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ined group were delfv2fed‘by different trainer
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es. While we attempted to control mos

te
training instruction to make them constant (e.g., by controllin
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time of exposure, directions, content students worked with, and

comprehensively scripting the training activities), differences

due to trainers may have occured. However, we have ne data
available th explore this possibilitv
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ious methodological. and technical
reasons. We made use of organization of responses through the

ring system for the essay tests. But the arguments put forth
in Chapter 1 claim that more immediate, in vivo data are required
- the intfs—

cauﬁe of

data as
all enly partia 11y
aspects of the acquisition enviromment where interactions
among deliverv variahbles, acquisition processes, and retrieval
processes take place. Yet, clearly, it is the acquisition

environment and its interactions with other facets of instruction
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that are most central to a studv of teaching effectiveneas..
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componentsg of Studies IT and [1I1 showing that students can acquire
the cognitive response and use the behavioral indicator, hindsight
raiges doubrts that they achieved high levels of automaticity of
these processes as a result of the training they were given.

Hence, when put into a situation where they wers not guided

specifically by a trainer, their performance deteriorated over
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between use of the two 1ﬁstfu¢tlansl responses and subsequen
achievement.
Several aptitude-treatment interaction terms emerged from the

of these involved
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t
rksheet conditioens, one
t ive responses, and one that
did not. 'All of these inte ns showed that students with
higher vocabulary scores who were trained to use cognitive
responses were more successful on the adhdevement tests than low
varbal ability students, while the reverse was true in the
comparison group. This finding is supportive of the cognitive
medistinnal model, a although one would hope that these aptitude-

treatment interaction effects would he attenuated by increasing
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the degree to which the low ability students could use the
cognitive responses productively.

Of course, one could speculate that more robust effects of
cognitive strategy usage on achievement did not emerge because the
itive strategies we trained were simply not very useful.

ation must always be considered in research of
this genre, it is not favecred here because large bodies of

literature on human learning show that the cog
o
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Training Students to Respond Strategically to Their .

Teacher's Tnstruction: Five Classroom S,,dles

i - INTRODUCTION E
The studres described to thi

s
research provide three major conclusions, about how the cognitive
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third studies, is that students can be trained to discriminate -

instructiongl stimuli from ather events that occur du iﬁg

n
as what they learn, by instructing students about links between
instructional stimuli and cognitive strategies that can support
learning. Tn effect, this validates the idea that teachers may
learning by providing students with an

enabling curriculum that consists of declarative and procedura

1
knowledge about the Eﬂgﬁ1E1vE activities involved in learning from

I"T

eachin ng (Marx & Winne, 1981). _ ' " r

The third major conclusion, alsc emerging from the second an

[

third studies, as well as from prior research, is that students
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achievement 1s
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clearly that, under certain canditiaﬁgi the cognitive strat

students bring to bear during tEaChIﬁE can influence learning

y
students' achievement by training them to use cognitive stfategies

that were constructed from a foundation provided by hundreds of
other studies 1in educational and instructional psychelegy, this
did happen with some students. These negative findings, while

1able as due toe a lack of automatieity in students'
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use of new cognitive responses to Eeaéhing, rather than pointing

rakness in the foundational research, only
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treatment interactions showing that high verbal abilicty

were able to benefit from cognitive strategy training.
The five experime

n
undertaken to explere further the int

z errelations among students
use of cognitive strategies to learn from teaching and subsequent
measures of their achievement. What distinguishes these

experiments from the preceding pair are several features that help

" peunetrate even further the hlack box of students' cognit iﬁﬁs

during everyday teaching.

o
[a W
[
i
"l
[
i~
ol
[N}

By the time students enter the upper elementary grs
almost certain that they have developed a fepettoire of cognitive

responses to the instructional stimuli that appeared in the

. _ - . . A .
thousands of lessons in which they have participated earli

t e
seems reasonable to assume that, like in all other areas of
11

learning, sthdénégfwill display individua

both in the range of cognitive responses they make to
instruct al stimuli, and in their de veloped ahilities to '
identify instructional stimuli keved to specific intended



t
influence their achievement. To explore this hypothesis, we
devised a procedure to gauge students' aptitude for perceiving
their teacher's intentions about students' cognitive responses
during lessons. Scores generated by this procedure were treated

t

as representations of an aptitude in our analyses of achievement
A second features of this last quintet of experiments that

responses matched to an'iﬁstfuctianal stimulus did so more

auﬁamaﬁ1:ally than hefore This goal was approached in several

ways. Training sessions were longer .and slightly greater in
[3)

number to increase opportunity to learn the instructional

"

response.
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A third feature of this final set of studies was the fact
t t

onal context that was
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the context of these classrooms prior to our
interventions. 1In fact, the only difference in the teaching that
each of the five teachers delivered as t of our work with
them and their students was that, at times the teachers thought

appropriate (and that had been discusgs:- ;riér to the lesson), a

ERIC

Aruitoxt provided by Eic:



O

ERIC

Aruitoxt provided by Eic:

ur research. With respe tudents’
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experiences, the only "ference in the instructlonal context for

untrained students was that we distributed booklets in which they

recorded class notes on paper which had two vertical lines

dividing the page into three vertical sections. All Student% were
informed that we would collect these hooklets. Since each of the

70
prior to our entry into their classes, the main diff
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gtudents was the fact that someon
be examining the booklets, and that there were lines on the pages

of these booklets unlike "plain" notepaper. Untrained students

m

were told to ignore these divisions because they were there only

for the other group (trained students) in their class with whom we
had been working. These minimal differences provided a

naturalistic environment for the research that we judge toc be

nearly ecglagiaally equivalent to that which students wouid

normally experience in an average classroom 1in the participating

school district.

1t is possible, of course, that reactive effects of our work
with the teachers occured, and that these effe
;

ect
classroom environment in such a way that it had different effects

However, to a very large degree, the question of this influence is

moot because it is impossible to conduct research on classrooms
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who worked with us, - and extending the theoretical genperalit—v of
our raesearch,

Overviev of the Styd Zes .

All five studije—= reported ir:1 this section foll owed a c—ommon
format consisti:. of a preparatory period, during which the
resesrch staff worke==l with the participating teachers to de=wvelop

curriculum materials - and three subsequent phases constitut=1ing the
experiments as such. Each study corresponds to a classfodrm—m that
participated in the =Droject. Be&aus‘e of platooning in thiss
district (the same a== Ffor Studies II and III), one of the

teachers, Mrs. Chris- =y (a fictitious name used to insure
confidentiality), taemmaght three of the Five classes of stude=nts.
Mr. Dixon and Mr, Fo—rrester (also fictitious names) each t==ught

their own class. Thee= nature of work undertaken in this sfi—=dy

required that each t==acher have constant and easy access t— a

member of the resear=<=h team. Thus, at the first meeting tk=at

,4
=
o
[nd
e
u
fd
[y
el
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the perigd  during which curriculum materials were=
developed, each tegcEEer was pired with a r’gseafch agsiatar—=t for
the duration of the ==tudy.

During the prep==ratory pericod, the entire research ste= £Ff
worked with teachers to create curriculum materials and
achievement tests tham=t would be used it the three phases of= the

Three of curriculum were developed, on== for

each experimental p The topiecs covered in the units w=ere:
the human sense of hes=aring, the sense of vision, and an
introduction to loca™ 1 e::cvlagy; Although a large proportiors= of

oncepts and other a=s=spects of these curriculum units vere

e

Ly

comaprable acrass;{hg five classes, there were important

idi

u-u.
IIN\

yneracies as we__11. This reflects our intent to conduc=t the

nt

research in as natyr==listic a fashion as possible while inssuring
that our data would porovide a foundation for valid interpreetation.
Following these  eurriculum development activities, the=re were
three phases to the ==studv. The first phase, called the map=ping -
phase, was designed =fo pr{»duce a comprehensive description of the

stic of the matural

o

intended cognitive re==sponses character

Eea;hing in each of =the five classrooms. A four-lesson uni_ t on
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the sense of hear =ing served as the curriculum for the mapping

phase. The secone=] phase of the studv, the training phase, was
.designed to train a randomly chosen half of the students in each
classroom to use == generalized intended cognitive response when
prompted by their teacher's instructional St:i’rn;ilus. This training
phase was carried out when the lessons comprising the unit on the

gsense of vision we==re taught. 1In the third phase of the

experiments, the —implementation phase, all students in each
classroom partici : pated in recitation lessons ahout the ecology

[l
[}
[a !
r
m
]
1
=
m
’1

unit taught by theseir regu The purpose of this phase
was to test wheths=ser the training that half the students had
received in phase two would generalize to everyday teaching, and

whether trained s -~ tudents' use of intended cggnitive responses to

their techer's in=-structional stimuli would affect their learning
of information in the logy unit. The nature of each phase is

eco
etail in the following sections.

Dl

describ.d in more

Context: Mr. For - rester, Class

'FL’J‘

Participants . The students in Mr. Forrester's class were 27

grade six childre—n in a small elementary school. The school,
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m
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]
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family dvellings. Students in Mr. Forr

s
]

5

predominantly whi te, though h1s class included appraxitﬁaﬁtely 20%

>

sian students. - Of the 27 Childten in the class, 15 were girls

il

nd 12 were boys.

Class format . Students normally were seated in rows -~f four

or five but thig - varied depending on the natur
be taught, Stude-mnts felt free to move their desks before a
lesson, though th is usually entailed moving closer or furt
the board. Rarel y did st

pesition ina row—. Two or three scudx nts were not in rows bhut

in the elass, either hy a

n
m
it
o

were seated li'l M= =T & Pfl\iaté spac

cabinet or near & . corner of the room.
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Mr. Forrester kept his desk at an angle to the class by the
doorway to the hall. On one side of the class was a sliding
screen sepavating Mr. Forrester’s class from the aé}aiﬁ{ng grade
five 513;5, This screen prevented st -Jents from seeing activities
in the other class, but nol=ze from the grade Fivé class

occaslonally interrupted Mv. Forrester's lessons. At the front of

-the elassroom was a hlackbhcard and lectern from which Mr.

Forrester gave his lessons. Occasionally he would use the
blackhoard on the'sfde wall, opposite the sliding screen. At the
back of the class were several windows and a door to a playing
Fleld. '

The classroom was fFilled with a wide array of resource
materials including a collection of musieal instruments and a
micro-computer. Mr. Forrester had divided sections of the wall
for posters and students' work relating to various aspects of the
grade six curriculum. He also used charts to moniter student
homework and other activities. ‘

Mr. Forrester tvplecally used an inductive approach to
teaching. He would usually hegin a lesson with a review of the
last lesson and a hrief overview of the upcoming lesson. He would
then ask a series of questions to cover the polnts in his
lesson. . Mr, Forrester reacterd encouragingly to students'
responses while indfcating the correctness of the response, ' With
his guidance, more often than not the students eventually arrived
at the intended learning outcome without Mr. Forrester haviﬁg to
state it outrightly. ﬁuring this iﬁﬂuétiferé;éééééé:ﬁf;rfaffésﬁéfr
permitted moderate hackground chatter and activity, never
ﬂemgﬁﬂ{ng ahsolute, undivided attention to htmself. However, {f
the noise level hecame roo high or the students' activity too
ohviously off~task, he meted out discipline gquickly and
efficlently.

Context: Mr. Dixon, Class B

Participants. The students in Mr. Dixon's class were 20

grade six children, ten hoys and ten girls, in a large elementary
school. The school ig located in a middle socioceconomic suhurban

area consisting of single-family dwellings. The class, was
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predominantly white al t*’lx:ﬂ;gh thre wee=rte abhout INY Asian

students. -r. Dixon taughr-woijscie=nce and sacial studies to
this group. For the remal nfmgihiec—ts, this group was taught hvy
another teacher.

tlass format. Durinmg AYlht th—e Tast two sessions in the

third phase of the study, thetiss s=ssat in groups of four or Ffive,
each group at one of four 1argtahle==s n the classroom. The
Aesks of students {n Mr. D{Xpfs home=room class were spread around
the perimster of the room aNdwe n—=t used hy the class
participating in this study emt Aizaring the last two sessions.
For these lessons, the tah]@g il bee==n removed and the homeroom
desks were put Iinto convengion rows=s. The students sat wheare
they wished. TDuring the traviy phea=se of the experiment only,
the group that received eraluysat at the two tables nearest the
video equipment. During 1e8gm stizidents remained at their
tables except when sharpening mcilss, using the washroom, or
paiitici pating 1n a class actbivy.

L Mr. Dixon used a tablg Fo1 lec—tern and positioned it at the

front of thne classroom for egwiccesm=sihilitv to the nlackhoard.

Frequently during lessons, My lixon used an overhead projector!

" aimed at a screen to the geugets’ ri T ght., The classroom was

essentially undecorated. ()ﬁ'['ilaféw maps and some examples of
students' work were hung Op théwaTI;%,

Mr. Dixon usuallv beggn ilssorz= with a review of the past
dav's lesson and ra':gfi”éfizayvégvlw csf the current 1 esson. ﬁe tﬁéﬁ
would begin, using the bLacKbml or overhead projector, to
introduce the new material, W Dixcesn encouraged students'
questions, often using they gsstart! ng points for a discussion of
concepts specific to, or similrto F>ut diverging from, those
planned for a lesson, Becguged thee Tatitude he allowed in this
latter respect, he di{d not Alws temsmch all the material he had
planned.

2

Context: Mrs. Chriscy, Clgssal, Do and F

Mrs. Christv taught thretwienc——e classes, all of whieh
participated in this study, Ny are= referred to as Classes ,DN,

and E. Classes ¢ and D wevy2 genth grade classes of 12 girls and
’ /
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ten bovs and 12 girls and 11 hoys, respectively, Class F was a

sixth grade class contafning 14 hoys and 12 girls. The school was

populated by middle-class famiiies. Students in Mrs. Christy's
classes were predominantlvy white, though classes fncluded a small
proportion of Asfan students, some of which participated in an
English as a sercond language course which kept them from attending
some of the lessons Involved in this study,

Class format. Students in each class were normally seated in

rows consisting of four or five pairs of desks each, hut this

varied depending on the activities for a lesson. On some

occaslons students changed desks, but this was usually the result
of a di%gfg?iﬁat? action hy the teacher. Mrs. Christv was head
teacher at the schoa! and her lessons were ffeagentiy interrupted
hy the principal to d'scuss administrative matters. *

Hra. Chyisty planned her lessons In detafl and referred often

to her written plan during instruction. She primarily used an
fnductive approach to teaching. Lessons usually began with a
tzview of th2 main concepts covered in the last lesson plus a
brief overview of the npcoming lesson. Her lessons were mainly
teacher-centered and she Aid most of the talking. As the lesson
developed, however, Mrs. Christv began to engage students in

discussion. She frequently uszsed the hoard to draw Siagrams and to

notebooks. Although Mrs. Christv was friendly, she did not
tolerate chatter, and on several occasions students were
reprimanded and asked to leave the classroom if they could not
refrain from E31k1ﬂ2.' Seemingly because of this restriction, the
students took nppnftug?tfes to chatter when the teacher was not

instructing.

Curricul um

The curriculum content for the three phases of the study was
determined in a meeting involving all five researchers (the two
principal Investigators and three research assistants) and all

three teachers. The criteria used to select content were:

o
N



1) the information should be new to the students so that
measures of Instructional effects would be sensitive to
teaching that occured during the studv rather than
reflecting students’' prior knowledge:

2) rthe content should fit the }ﬁﬁfvfﬂUﬂj*EFﬂChérﬁ'

ohjectives and preferences as much as possihle;

3) the material should be well-structured vet lend itsel
a

Afrer careful consideration of these criteria, the teachers

and researchers agreed that the subhjeet areas that would he taught

"
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in the study woul md the science program for the upper
1

n
intermedfate grades, specifically dealing with the sense of
hearing for the first phase of the study, the sense of vision for
the second phase, and the science of ecnlogy for the third phase.
The process for developing the science units following this

.

v informally ohserving one or two science lessons
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in each class. During these ohservations, the amount of content

[e]

et

iber of concepts) and duration of a tvpical science

m
o]
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{
lasson were assessed. Based on this informarion and subsequent
dis

hree teachers, it was decided to plan four

t
"lessons 1n the unit about hearing, six lessons in the vision unit,
and elght lessons in the ecology unit.

Following this preliminarv work, the rasearch team developed
t

of the curriculum that could serve as a
1

which the teachers cc

ould react. Rased on this gl

o
plan for the curriculum, the teachers were aske
i

D
[l
o
o
=
o 99
ol
3

ring an outline of more specific topics that weould
in their lessons.

At a second meeting two weeks after the First meeting, the
research team and all the teachers mef for a full dav to outline

F

i

in more detail the major aspects ontent for each of the three

2
e}

sclence units. During this meeting, each teacher and the research
assistant assigned to him or her began to plan the overall
structure of each unit and to list concepts to he dealt with in

the lessons within those units. Tn addition to personal
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knowledge, several sources were used including: Exploring Tiving

Things: Laidlaw Exploring Science Prcgfam (19777: Stecher et al.
519757; e

e
iance with our second criterion for

il

expected and accepted in comp

curriculum materlals Fnr the study.

responses. To accomplish this, a procedure based on that for the
first year of the project was used to videotape each teach=r's
lessons and obtain his/her interpretations ahbout intended

ped lesson would be analyzed during the
t

later analysis were general. The research assistant had to ‘be
1
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able to identify a passib,, ronse thst students might

**** The research
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ashisﬁants were prepared for this task through practice in a pilot
study. After videotaping the lesson, the research assistant moved

the equipment to another room and reviewed the notes to prepare
t

for the interview that followed within an hour of the less

=1
The post-lesson interviews of the teacher ranged in length
1

+

from 25 to 40 minutes and were audiotaped for further ana ysis.
1 1

[n the interview, the teacher viewed the videotape of the
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ideotape at polnts where s/he intended
§ 1n response toc particular

eachers were prepared for this task prio
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During the interview, teachers were told not to invent an

analysis o ons for students' cognitive responses when they
had intended none during the lesson. The goal of the analysis was
to obtain from the teacher as precise a description as possible

gbout cognitive operations s/he intended students to use in
response to his or her teaching. Sometimes, the teacher provided
this description without prompting or requests for clarification
from the research assistant. When this was not the case, however,
the research assistant probed the teacher in a manner such that

analyses were solicited from the teacher rather than the research

assistant asking the teacher to verify one or another

e
id the research assistant request clarification in ways tha
t

irectly structured the acher’s description of intention
2

teacher's self-reports. We have no data, however, to support the
validity of this procedure, nor do we have any data which

icates that rese

arch assistants selected the same types of

5" m

e
incidents for teachers to comment upon.

After a teicher was interviewed, the research assistant and

T
w
Cr
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[
=
M

both principal investigators analyzed the videotaj

and EﬁffESpDndlﬁg gudiotape from the interview. The goal of



The videotapse was stoppsod at points where the teacher had

indicated in the interview thdt s/he wanted the students to engage

in certain cognitive operations in response to his/her teaching.
At these points, the intended cognitive response(s) described in
the interview were written down, interpreted, and clarified hased

on findings from the first vear's study. As these descriptions
accumulated, preliminary category szschemes were proposed and
compared with previous and subsequent incidents within each
lesson. These analvses were péffgrmed on each of the first three
lessons on hearing in Mr. Forrester's and Mr. Dixon's classes.
Because much of her teaching proved to be so similar across her
three classes, we sampled only o

on hearing in each of Mrs. Christy's classes (a total of six

lessons) to reduce our demands on her time. These analvses
ti
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ma intended cogni
responses each teacher sought to have students use when é/hé cued
students by delivering instructional stimuli during teachiung.
Following these analyses, tallies of each category of

intended cognitive response were made along with annotations about

their typical placement in lessons (e.g., in the introduction, fﬂgffjﬁfis
after question-and-answer sessions). Eight intended cognitive :

responses used very frequentls
11 three teachers. Thus, these e
cognitive responses were used to describe teaching for all three
teachers, although the frequenzy with which each teacher used
. i ght

es we used to describe

SPEEiEic intended congitive responses varied. These

Mw
m

- intended cognitive responses and the phr

general, and that the specific instructional behav1grs and
£

cognitive operations they intended students to engage in response
to these events were paired correctly. Each teacher agreed with
our proposed list,. ' -

E
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The Fayrth lesson in the wmit on hearine was not used in the

" mapping phase. Tt was used to create aptitude tests that measured

students’ accuracy of perceiving their teacher's instructional
stimuli and intended cognitive responses. These tests are
described later in the section on instruments.

Generalized Tntended Cognitive Response (ICR). The eiéht

common intended cognitive responses identified by mapping the
three teachers' instruction constituted too large a set to
consider training students to execute all of them 1ﬂ”féspaﬁ§§ to
eight distinet categories of instructional stimuli that a teacher
might use. The problems. we faced, then, ﬁééé those of balance and
economv. On the one hand, there were practical constraints during
the training phase of the study regarding time and students'
abliities to learn intended cagnit;ve responseas. On the other
hand, we wanted to train students to use a large number of the
intended cognftive responses thelr teacher cued in Tessons so that
thelr cognitive responses to teaching would be valid and would
have an optimal chance to influence learning the ecology
curriculum,.

The sglutfcﬁ adopted was to attempt to create a generalized
intended cognitive respornse that had several properties. First,
it should be a composite of as manv as possible of the discrete
intended cognitive responses 1dentified in Tahle 14 to maximize

its “content validitv.” Second, it should be theoretically
applichble to several different forms of learning that would be
tested hy Aifferent types of items on the obiective and essay
achievement tests administered at the end of the ecelogy unit.
This would increase its usefulness for students. Third, 1t should
he amenable to being cued by a single instructional stimulus at
quite different points in a Tesson. This would reduce the demands
placed on students and their teacher by requir{ng‘studentgvt@
watch for only one *ﬁSETuéﬁféﬂETVStimuluS ﬁur{ﬁgtiessans, and by
requiring the teachers to work consciously at only one change 1n
thelr teaching 5tv7é! The need to minfmize changes 1n the
teacher's typical delivery also was necessarv so that students not

trained to use the generalized intended cognitive response would
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not find their teacher's FAntiallv altered,

thereby disrupting previously acquired cognitive activiti for

i
D

the comparison group during lessons. Fourth, the intended
cognitive response needed to be structured so that students could
provide -instructionally unobtrusive but ohservahle (written)
indicators that thev had executé; the appropriate cognitive
operations ‘on the correct curricular fnformation, {.e., produce a
hehavioral indicator of their cognitive responses to teaching.

The generalized intended cognitive response we produced was a
mul ti~step cognitive plan for processing information. Each
teacher signaled students to use this generalized intended
cognitive response for important Tnformation hy uttering a unique
tag, the {natructional stimulus, 1ike "Make sure vou ..." We
label the palr formed by the teacher's instructional stimulus 7I8)
and the students' intended cognitive response (ICRY an IS-TCR

unit. Several paths through this plan were possible, depending on

the student's state of knowledge and whether the {infermatien had
é1feady been presented or would bhe presented 5h@f§1§ in the form
of an answer to a teacher's question (see Figure 31). This
cognltive plan Incorporates all efight of the intended cognftive
responses listed ia Tahle 14, alrhough a single execution of an
TS=TCR unit rarelv would involve all eight iatended cagﬁiti§e
responses. This generalized TS-TCR unit met the first three
criteria we fequ{réﬂ of an intended c¢ognitive response.

To address the fourth criterion we demanded of an intended
cognitive response, we sought to ifeaéé a hehavioral indicater of
the generalized intended cognitive response. Four other criteria
had to be met in creating this indicator. Fiwst, the behavioral
indicator had to be simple so that students could learn it
Easiiy!' Second, 1t had to require a small amount of time for its
produétion so as not to {interfere with the rapid flow of
Instruction in the clagsroom. Third, it should require that a
student engage in the intended cognitive response in order to
produece a correct behavioral Indicator, i.e., bhe dependent on the
intended coenitive response. Fourth, the behavioral indicator had

to reflect the various parts of the generalized {ntended

164
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cognitive response so that it represented the several covert,

cognitive activities students engaged in response to instructional

stimuli.

The behavioral indicator we designed to meet these

requirements had three parts. Each part reflected the product of

information processing corresponding to one step of the

s o
consisted of the student wfiting out a short hut méaningful
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11tive responsas. The behavioral indicator

phrase. The phrase either repeated the teacher's statement, was
verbal representation of a diagram on the chalkboard, or
represented that student’'s pfelimin arv answer to the teacher's
question. This observable act reflected intended cognitive
responses nofed 1n Table 14 in the following wavs. Forming a
preliﬁinaty answer to a teacher's question entailed the int nded

ive responses of orienting to miir@%capi: elements of
ion to identifv appropriate content, re

es plus generalization, or comparing

r
]

of question the teacher had asked. Formulating a verbal

comparing codes. erElﬁg a repetition of the teacher's que:

demands at least one rehearsal of that information.

2]

e

To reflect the second stage of the generalized cogni

1
response, students alsoc wrote a short phrase. Tt included

information they had confirmed as impertant and correct. Thi

cognitive responses listed in Table 14. When students judg
correctness of the information that they had in mind before
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component GE the behav al indicator for the generalized inte
1

a
ncepts. The particular-cognitive response depended on the kind
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informatisn thev processed du-ing the lesson. As thev wrote this

information, it was rehearsed at least once. If the information
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ther student, they had to

or
monitor other students’ answers before monitoring their

comprehension and rehearsing.
In order to obtain more general evidence about students'
patterns of attention to sources of information, we included a

third part in the behavioral indicater. This part required
students to record the source confirming that information they had
cognitively processed in the secomd stage of the generalized
intended cognitive response was important and correct. This
confirmation could originate from any one of three sources: their
own reasoning, information that the teacher stressed verbally or
highlighted on the chalkboard {(e.g., pointing at a part of a

diag

zram, underlining a word), or another student's response that

n
wrote a code indicating the source of information. The codes were

v
intended cognitive response were .reflected in one way or another
a

There were two purposes of training: to train students to
use the generalized intended cognitive response when cued ?y their
teacher's instructional stimulus, and to train them to provide
behavioral indicators of the cogmnitive operations they carried out
during lessons. For this latter purpose, students were provided
with lined notehook paper that had been divided into three

columns. The leftmost column was used to record the results of

o
the first stage of the generalized intended
1

¢
place for recording their responses
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representing the second stage of their cognitive processi
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the middle column was reserved for the codes (M, T, B, §)

ng the source to which they oriented to complete this
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A training program

c ng
introduce students and their reacher, who also attended these

SESSlﬁﬁS, to the nature of the IS-ICR units and how these units

;1\

would be operationalized in the upcoming lessons on ecologv. The
first four training sessions followed a common format. Each hegaﬂ

ing students about features of
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the generalized intended cognitive response and the corresponding
vioral indicater To begin the session, the research

assistant deseribed what would be trained that dav. Then, a pre-
selected segment from the videotape of the preceding lesson on
vision was shown. This was followed by the research assist
description of how students were supposed to respond

ICR unit to that part of the lesson followed bv a description of
the corresponding parts of the behavioral indieator. Students

then attempted these cognitive and behavioral activities, and were
t

given feedback.on their work by the research assistant. Three or
£

based
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T
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occupied about the f
In the last third of the tr aining s

retaught some Gf ‘the material from the lesson that had been the

basis for the préceding training activities. S/he practiced using

the instructional stimulus and had an gppcrﬁunity to observe the
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these periods to improve.the skills they had worked on that day
and in preceding. training sessions. The research assistant

provided corrective feedback to both the teacher and students

The la t two training sessions luded only live practice
with the teacher and students, and thus followed the form of the
last third QF the first four sessions. More detailed deseription

of each SESSLDﬁ is provided next.

e
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The first training period. began with Ehe research assista nt

providing a general description of the nature and purposes of

training. Students were told that what thev would learn in these
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teats they would take on the vision unit and, subsequently, on the

[

ecology unit. Next, the research assiitant played the first
segment of the videotaped lesson and identified the teacher's use
i 1 stimulus. All segments chosen for this first

that implied an intended
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cognitive response. The research assistant -described only ‘the

rehearsal component of the first stage of the generalized intended
cognitive response by saying, ""The teacher wants you to repeat

that information several times in your mind." Then, the research

assistant demonstrated on the board the {irst part of the
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o down was provided to insure that the
information was correct, and to help students learn how to write
brief but accurate descriptions rather than long verbat1m accounts

of the information they had rehearsed. Then, the live practice

m

o

The first was to consolidate the training from the first
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behavioral indi

the research assistant reviewing the previous da

5&55i§ﬂ; the research assistant provided
about their work. : .
The research assistant then introduced students to procedures

for using both the first and second stages of the generalized

"
r

intended cognitive response when the teacher tagged a statemen

en
with the instructional stimulus. Specifically, they were told



thar, followi st stage of the intended cognitiv
rasponse, rehearse this information at least cne more

in the rightmost column of the worksheet.

time and
Practice the videotape foTlowed. The second
training with the teacher providing some live

ice

[r]
(mJ

pra

supplemented with feedhback from the

research

response an ective behavioral indicators now introduced
and practic er statements, in the third training
.session, on to extend the use of these skills to
occasions whe ers tagged a question with the instructional
) stimulus, example from the videotape of the lesson
atudents (1) try to answer the question, (25 write
a brief answer seek confirmation of their answer, (4)mentally

revise the first answer if needed, (5) check to be sure they
understood the correct answer, (6) rehearse the correct ansver

sevaeral times, and (7) write out a hrief version of the correct

where students could not generate an answer

The only aspect of the gengral ized  intended c@gnitfve
response remaining to be trained was for the student to indicate

the source of the verified information that they had rehearsed and

s also was an objective of the third
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tudents obsarved a segment of that day's
d ruction from the research

r
assistant regafding Drléntat1an E;théf to their own cognitive—~

e
answers. They also were taught to record the code(s) on
jorksheets that identified the source of the verified information

they had rehearsed and written as a result.of stage two of the
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reneralized intended cognitive response. A few further

'mw

opportunities were provided to practice this new component in

response to videotape examples, This training session ended with

the teacher providing live practice for stu

dents plus feedback

u
from the research assistant about the complete generalized
e

nents and questions.
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ifth and sixth training sessions provided the teacher
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and his/her students with further opportunities to engage in
practice and receive feedback from the research assistant. The

objective of these sessions was to consolidate and sharpen the
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formation and events in regular lessons.

The model from which this research is derived postulates
t

that, during instruction, teachers intend students

vely in particular wavs. Teachers cue

information cognit
intended cognitive responses with instructional stimuli. The
intended cognitive response (ICR) aptitude test was developed to

ed their
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The ICR aptitude test was developed in several stages Using
the list of eight intended cognitive responses created bv mapping
the three teachers' instruction (see Table 14), we analyzed the

natances where an instructional stimulus cued intended cogniti

\r"

TESpGﬁSéE_ The goal sought in this analysis was to locate at
least three salient il

intended cagn1L1ve response from the

we identified 27, 23, 28, 31, and 32 such instances in

n
videotapes in the five classes A=E, respectively Following our
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preliminary analvsis, the research assistant met with the teacher
t

o validate the instances we had chosen, To do this, the teacher
viewed the segments of videotape we had isolated with the list of

=ight common intended cagnitive responses from Table 14 in

a3
=p
o
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il

hand. The teachér's job was to select {rom the list the tvpe o
gnitive response that s/he had intended to use in that segment

of the lesson.

of intended cognitive responses listed in Tahle 14 The first
criteri imposed on these instances in selecting 20 for inclusion

3
tha
there would be a relatively balanced distribution of the types of

mple intended cognitive responses over the 25-30 minutes of the
videotape. Second, we chose instances in such a way that there
were no long segments on the videotape, 1.e., more than about 4
minutes, that did not contain an instance. Third, the instances

were chosen sc that the curricular information in the segments of

w

i

videotape was a

wy

Ii-developed as possihie. This decreased the
chances that students' perception of intended cognitive responses
would be influenced by weaknesses in their state of prior
knowledge (see chapter 2). Fourth, all examples had to he of high
technical quality, i.e., audio and video aspects had to be easily
comprehensible. Tf there were more than three examples for each
type of intended cognitive response, we reviewed our selections to
choose the segment of the videotape which, in our judgment, most
cleariy represented each type and which met the foregoing |

f there were fewer than two selections from-a category of

ﬂl

1
intended cognitive response, we reviewed the videotape to identify
s on which we and the teacher had disagreed in our

Ce
original analyses. We then selected from among these instances
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what was needed to

forvening criteria.

laszes from only 7
identified originallv, we used the intended cognitive response
h

hat the teacher had selected as the "rorrect

The selecred examples of TS=1CR units formed a unique 20=item

four-alternative multiple-choice test for each class. The stem of

[S-TCR unit in the teacher's list and a corresponding paper-and-

uestion, e.g., "How did Mrs. Christy want you to think
ra d

test paper were intended cognitve responses which corresponded to

tional stimuli other than the ample portraved on the

hosen under the constraints that they had
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" to seem to be plausihle intended cogniti
t each intended cognitive response serve as a

distractor with approximatelv equal frequency. The "correct"
answar was the intended cegnitive response that we and the teacher
t

had agreed on independently. Each inte
1

=4
our from the hearing unit
te the students up tn the point of the 20th 1S=ICR unit During
plsvback, the videotape was staﬁpeé at those points which
corresponded to a written item on the test. Each test item asked
nts to indicte how thev thought their teacher wanted them

to be thinking at that point in the lesson. The videotape was
restarted after all students had answered the item. The items

contained in each of the aptitude tests are listed in Appendices
F

F-H. The number of items students answered correctly served as

ither to ohjective test items or to material for which points
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were awarded in the essay 1tems. For students in the trained
groups, four tvpes of scores were created. The first kind of
score, called the behavioral indicater score, reflected the extent
to which students' behavioral indicators of

operations were complete. This score is conceptuall

the behavioral indicator scores in Studie

each point constituting the scheme for rcoring essay items. The
students' behavioral indicators were awarded f
e e numhber of aspects of th:

hat thev completed on the notebook pages we
s, for the-ohjective test on

oup ceould get a maximum score

£ ehavioral indicator % 24
objective items). Separate behavioral indicator scores were

score concerning students’' coagnitive

f
operaticns during teaching measured the extent to which students
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groups could achieve a maxiumum raw score of 24, 1In orde
1

ow comparison of this score with the behavioral indicator .
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trained to make intended cognitive responses

shavioral indicutors, this raw score was multiplied
t on the same length scale as the behavioral

dicator scores. This score, which awarded full credit for anv

tudents in the trained

bl

havioral indicator far

h
ed the total notes score,.
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haracterizing

g

Thz third and the fourth kinds of s~ores

rrained and comparison group students' unotes taken during teaching
reflected the extent to which they took notes about concepts that
the teacher had tagged with an instructional stimulus, and about

d by

concepts which appeared on the test but which were not tagged

teacher's instructi ulus. These are called the tagged

,_u‘

J‘M

al
notes score and the non-tagged notes score, respectively. 1In

order to make these easily comparable to the foregoing scores, the

th a

g

sum of these two scores was fixed to place it on a scale w
length of zero to 72, Thus, the tagged notes score can be

compared to the hehavioral indicator score and to the total notes

score bv forming a ratic of the former to one or the other of the

latter. The same tvpe of comparison can be made for the non-

tagged notes score. Also, the sum of the tagged and non-tagged
notes scores equdls the total notes scores. In the case of class

A, the maximum score for the tagged no

tagged notes scale had a maximum of 18 for this class. 1In the
other four classes, the number of

equally divided between those tagged by teacher's instructional
t

stimulus and those not tagged. Thus, the raw sScore maxima for

"U'J'

pectively (12 items times

Scores for concepts recorded in students' notebooks
corresponding to information that was awarded points when scoring
the essay items varied from class to class In class A, the
maximum essay score was 72. In class B, it was 63. TIn classes C,
D, and E, this maximum score was 38.

Achievement Tests

Because there was only general consensus among teachers as te
the information that would be covered in each of the three
curriculum units, teachers varied in the concepts and pr1n21ples
they taught, The research ass staﬂtq met with their teachers to
write items for the achievement tests for all three units prior to
the beginning of instruction on each unit. These tests, comprised
of objective items (multiple-choice, matching, fill-in) and short

essay sections, were then reviewed and refined by the entire

k]
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research staff and then again hv the teacher. Fach test item was

r-more specific concepts in a lesson (see

I
o

11
ices F, G, and H).

In order to assure content validitv of the test items, the
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research assistant reviewed the videotapes and the note:

during the lessons. Tf the information needed to answer an item
no

o
administering the achlievement tests to students, all test jtems
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were checked a final time by the clarity and content
validity.

ThE test for the hearing unit contained two essay items, and
the tests for vision and ecology units each had three essays.
Total essay score values across teachers ranged from 14 to 23 for
hearing, 24 to 27 for vision and 21 to 23 for ecology. On the

"est, there were 12 items for

[s]
objective part of the achievement

t
items for vision, and 24 items for ecologv. Scores on

o

hearing, 1
i
the essay and multiple-choice tests covering the unit on vision

are not used in analyses. These tests were included hoth for Eh?

o

teachers' purposes of assigning grades, and to acquaint students
further with the nature of achievement measures they would
experience at the end of the ecology unit. We also reasoned that

-hievement scores could not tell much about studen 5’
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the process of altering
their cognitive responses to teaching.
t

tests were created hv sampling content from

"each of the lessons within a unit roughlv equally. This criterion

was only partially achieved because of a number of constraints.

First, for the vision test, the number of items we sought was not
divisible equally by the number of lessons that had been taught.
This required us to include fewer items on the test from some

lessons. Second, each lesson taught by the three teachers did not
8]

rmation. Some lessons contained

contain equivalent amounts of inf

more concepts and facts than did other lessons, Thus, a strict

gpplicatiaﬁ of the equivale item sampling criterion would have
176 -
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nd facts that were of minor importance

m

reqiuired testing concept

because a particular lesson was conceptually and factually lea

o
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sen

T

Third, in some instances a teacher mis ed the meaning of

-
m
71:11

kev infermation due to incomplete knowledge. We decided not to
test students for information that they had been taught that was
not factuallv correct, Thus, for some lessons, the pool of
available content from which items could be sampled was reduced
items on the test over both tagged information (i.e., information
the teacher had tagged with the instructional stimulus) and
untagged information (i.e., information not tagged with the
instructional stimulus). The complete specifications for all of
the achievement tests for the five classe
Appendices F, i, and H.

All questions on hoth the essay and objective parts of the
achievement tests were randomly ordered. For all te ests, the essay
items were completed before the objective part. There were four

2 questiens which were
equal number of correct responses in any given position.

=]
correspondence between a student
established as acceptable in the manual. Each research assistant
marked all the tests for the students in his/her assigned classes.

RESULTS AND DI

50 (o]
For all of the anslvse& reported in this section, the

(=M

original sizes of the training and.comparisen grou ups were reduce
to the levels as shown in Table 15. Criteria used to make these
reductions in sample sizes were as follows: Students could not be
ahsent for more than one of the lessons in the hearing unit er the
ecology unit, and h..{ to be present for the TCR aptitude test, the

objective and the essay tests on the hearing lessons, and the

objective and the essay tests about ecologv. Tn additionm,
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TABLF 15

S{zes of COroups Providineg Seores Usnd in Analvses

Studv TV

Class Trained ‘Comparison
A 10 R 11
B 8 7
C 10 A
n 11 8
F 11 14
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stwlents in rhe trained groups had to be present for at least four
cla

s
s

of the six training sessions. Thus, in asses A, B, an
h 24

students were allowed to miss twe of th
still be included in the experiment provided that they met the
preceding criteria. 1In classes C and a

session of the six planned sessio

n
problems in scheduling, students had to be present for four of the

an opportunity to learn the material presented in the lessons, and

‘that there were scores available for them on the ICR aptitude test

vement tests on the hearing unit that could serve

and prioer achie

\!TLI‘

as predictors in backward selection regressions analyses.

t least one variable in each of the five zlassés, it was

Tj
4]

or

computationally impossible to produce inte:

i
m

r
estimates of reliabilitv due to problems of indetermina

Moreover, some of the remaining estimates of reliability were less

than classical test theorv allows when judged against the

we
correlations among variables and the regression analyses presented
later in this sectio we do not judge .nat the datsg is
unreliahle. Rather, we take Ehé view that real teaching
situations in the classrooms vhere we rked produced variables
for which internal consistency estimates of reliability are

inappropriata.

F,“ Students ‘Be Trained to Hgké Inﬁended Cagnlzive ‘Responses?

Table 16 provides mrans, standard deviations, and t-tests

among means for the trained and comparisen groups in all five
classes on the scores derived from their notebooks., Only for the
essay-related scores for Class R were there statistically reliable

[y
“~
WGt
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difterences hetween the trained and COmparison groups in their

notetaking during lessons. 1In this single instance, students in
1

the comparison group took more

n
appearing as test items than did students i

n
Thus, to the extent that students' notes indie

of cognitive processing of test-relat

n
and those in the comparison groups, with the
h

Also provided in Table 16 is a wit

-
-
Il‘

scores earned bv students in the frained groups on the behaviora

indicator score and the toaral notes score for

on the ohiective and on the essav tests. 1In

B.
group comparison of the
al

"d information is taking
all levels of

ts in the trained groups

exception of class

concepts appearing

every case, studentsg’

scores exceeded (p € .10) their bhehavioral indicator

scores at statistically reliahle levels Thus, while students in

re

ealed that not all of these nttégiﬁﬂg comp

three-stage generalized intended cognitive response they had heen

taught. Whether this difference indicates that students in the

-

trained groups had internalized more of the i

ntended cognitive

response, therebv making the behavioral indicators perhaps seem

necessarv te them, or whether some aspec
intended cognitive response were not carried

determined from these data. All that can be

are some statisticallv reliahle differences in

Mne wav to measure the extent to which t
calculate effect sizes.
calculated hv subtracting the mean of the behav

score from the mean of the tatal notes score

standard deviation of the total notes scores

class A, .47 for the chjective test concepts

These effect siz

ts of the géneralfzed

1
hese differences
z

e
" j[\



Pl

1

=y

concepts: in class B, .13 for the ohjective concepts and . or

the essav concepts: in class €. .63 for the ohjective concepts and

c
1.54 for the essav concepts; in clasa N, 2,06 for the abjectiv

M
M

=4
3

caneept and in class R, 2.15

-

cancepts and 5.67 for the essav ar

¥
the objective concepts and 2.15 for the essav concepts. Thus,

f
ith the exception of class B, there were

w fairly substantial
differences in the extent to which trained students provided full
behavioral ind,,,t ors for the géﬂéféTi;éﬂ intended cognitive

Another feature of the data reported 1n Table 16 that

warrants mention is the relatively large vari:

i@ﬁaily extremely skewed, with some students taking
y no notes whatsoever and other students taking
vy massive amounts of notes. Thus, even in the trained
groups, there was wide variation in the extent toe which the

teacher influenced students to cognitively process information

that appeared on the test. The fact that the trained students did .
not generally differ from comparison students in the number of

notes they took on concepts that the teacher had tagged with an

nte
1so could be interpreted, however, to reflect

a
12 pace of regular classroom ins

wm
r
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|
o
[
-
o
=
£
-y
=
[
-
=
ot
]

1]

prevent students from providing Cﬁﬁplétébiﬁdiiatiﬁﬂs of all
.cognitive processing they undertook. 1In partieular, it
that students do not take notes on all concepts that are ta

but take notes only on those concepts that they believe are

particularly difficult or that warrant an "extra'" amount of
cognitive processing. As well, these data might indicate that we
have still not overcome the methodological probhlems created by the

use of behavioral indizaﬁcrs of c@gﬁiﬁive processing. That is,
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copnitive responsaes, Tn the face of conflicting demands regarding

whether thev should complete the be havioral indicator or continue
to execute the cognitive strategy, students mav have chosen the
latter over the former.

Overall, then, it can be said that students in the trained

groups and the comparison groups took roughly the same quantity of

m

notes pertaining to infnrmation that appeared on the tests. Thu
T served on test scores cannot be
ributed to the quantity of notes that were taken. Tnst ead,
n achievement scores must reflect quali ive
features Ef;EhEACDgniEiVE operations that the students undertook

and reflected in the notes that recorded aspects of these’

teaching.

Tt
cognitive apérat€aﬁ§ durin

How Do TﬁEEﬂdEd Co

] 'U
D
w
D* N
o
il
g
el
|

students' notebooks and achievement tests were computed.

are reported in Table 17 for each of the five classes. As can be
seen in Tabhle 17, there 1is wide variation in the degree to which
students' quantitv of notes is associated with their )
achievement. While statistical tests of these correlations are

o
hampered due to the small sample sizes, with only several
excaptions, the general finding i's that students' ﬂgﬁétaklngj and
by inference, their cognitive processing of information during
teaching, 1s positively associated wirh their achievement. This

1

seems ticularly true for sEudénts who were trained to make

o
]
bt
rr

generalized intended cognitive responses and prgv1de hehav1cral

ﬂ'
i)
¥
]
[}
<
]

indication when the objective tes 4 as the measure of

achievement. 1Tn these cases, the median correlation was .48,

a
wi “reeags it was onlv .23 when essay tests served as the measure of

achievement. This pattern was reversed for the students who
paftic;pated in the ccmpar{gan groups.. For those groups, the
median correlation hecween quantity of notes and achievement on

the abj;&tivé test items was only .23, while the comparable median

correlation for the essay test items was .42,

v,’“
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TARLE 17
o

Correlations Between A._.hievement 5

Study TV

cares
For Al11l.Classe

and

Notes Scores

Obiective
Total scale and : 44
Total notes = =018

Tagged {tems and 43
Tagged notes =03

MNon=tagged 1tems ard 21

Non-tagged notes =14
Total scale and s 14
Behavioral Indicator -

Essay

~Total scale and | =23
Total notes 43
Tagged scale and 7 =4
Tagged notes ' 1

Non=tagged scale and .11
Non-tagged notes . B4*

2z

Total scale and ~-02

G8*

'hN

77
45
A1*
23

70%*

36
74%*
33
71%

49

26
16

70%*

Gh*

Behavioral Indicator - - - - =

Note: Upper correlations are within the trained group; lower

-correlations are within the comparison group.

are omitted. .
content in Class D.
* p =<.05

+ p =.10 .
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= To test the fglatlve Lnfiuence Ehaz=;r31n1ng szudents to make

* intended cognitive responses had on their achievement, comparisons
were made to their untrained counterparts, 'Thé-méthéd of analysis
here paralleled that for Studies II and III. In ?Efﬁiéuléf;
backward selection, multlple -regression pracedufes employing Four
ma1ar categories of predictor variables were appl ed to the
data. The first category cons ed of EPEIEudES‘ students' ICR
aﬁtitude test scores, the1r scores on a prior measure uf

lessons, and their scores on essay measures of achievement based

~._ on the hear:ng 1essaﬁs. The ‘sec¢ond major Eategary of variables

1ﬁc]uded a measure of students'‘notetaking during lessons ;hat
ccrrespandéd to the dependent variable, i.e., tagged objective
items, non-tagged uvbjective items, tagged essay items, and non-
tagzed essay items). For instance, when tagged ijEEE%VE items
‘was the dependenf variable, the tagged notes score wa§»u§§d as the
measure of classroom process from among the various notetaking

hat were described previously. The third major category

rr

c

U‘

TEs

]

£

vas_a single vaéﬁable consisting of an effects ca?éd vector
comparing the trained (+1) versus the comparison group (=1) of
students. The fourth ma1of categary of variables included seven
interaction terms. One was a naﬁe;aklng by treatment 1ﬁEEfEEELBﬂ,
using the nateéakiﬁg score that was matched to the ﬁgrziculaf‘
dependent variable, as in the second category of predictors
described pre#iously. Three were Earmed by mu1t1p1y1ﬁg the three

treatment contrast vector. The remaining three were Ehfeeﬂway
Lnﬁeract1§ns representing the produect of aptitude x notetaking x
- De scrlptlve statistics and the fesults of backward regression

analyses. are reported in Tables 18 thraugh 32. _The results are:
cr

ibed firsg in terms of each of the five classes !

individually. An integration of the results across the five
classes is then pr ented and reflected in Tabhle 33/ '

=
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A Statistical Note

Befafe presenting the re 1ts, three aspects of these

L]

gtaﬁiatics to be @resentedelatéf can be understood more eaéily.
The first item to be addressed is the method for 1ntefpreﬁ1ﬁg a
multiple regresslén equatlan‘that contains two or more terms
involving either a contrast between the expEfiménEal and
,mpéflsﬁﬁ grcups,SaptitudEStfeatment lntEfacﬁlons, nDtEtaking-

treatment 1ntera:t10ﬁs, or all these tvnes of predlccars- A

~second issue that is discussed perta€ns to interpreting aptitude-

notetaking x treatment interactions. The third item reliates to
the fact that only one measure of effect size can be reported per
analysis even Ehbugh two or moré terms Eﬁvoiving the contrast
~between the trained and comparison groups mav appear in the .
results of an analysis. , *
Often a multiple regression analysis reported in the

following sections contains several predictors involving the
contrast between the trained and the comparison groups. To take a'ﬁ
generalizable” case, suppose that the analysis of the gcts]
objective scale (Y) had retained these terms: ICR Apz1tudei(xl3?
Group (xg), ICR Aptitude x Group (Kj), and Prior Objective T
Achievement x Group (X,), plus a constant-term (C) corresponding
‘to the intercept. The mﬁitiple—pfédittgf feéression equation for

'thls fietitious 111ustrst1@n cauld he: written svmbaiizally like

this: .

) o' e h v v )
(1) Y' = C + byX; + byX, + byXg + b, X, |
To explain how individual terms in this Equatinn can be

interpreted (keeping in mind the caveat in Faatnate 1, p. 106), it

is advantageous to write Equatlnp (1) in a novel format, replacing
the mathematical K.!w1th the words describing the pradictors to

which they refer and labeling :ach term in the equation. The

_rewritten version of the fictitious example would look like thiss:

(2) Predicted Total ‘Objec ctive Scale = Constant (a) -
+ bl (ICR Aptltude) ' (b)
+ (Gfaup) i (c)-
+ - 3 (ICR Aptitude x GFDUP) ()
# (Prlnr Dbjecglve Achievement x Group) (e)

; 186° 194



The principle that is applZ ed to imterpret any one-predictor is to
rewrite the equaﬁticn to cre=ate two gf@upggéf-Pi‘Edié?nga One of
Ehesexgra{:pgiﬁli he made =p of all the terms in the équatia:} that
include the pfédiGEaf that . 1ia going ‘to be Siﬁtéééréted. Fc:rxr A =
le, to mterpfet the e=ffect of ICR Aptitude, terms Nand 4 - *

.are gra,ed thEthEI‘. L 7 : o
- (3) by (1R Apt:.tude') b, (ICR Aptitudé x Group). i
fhls greuplng of ;erms can be rewrittenlike i;h_is:
(4) [b,+bs(Group)] ICR Aptitude '
because the predictor ICR. Maptitude was included in both of the
original terns labeled b arad d iﬁ\gquatic’:ﬁ 2). Now, when the
code assigned to a- partlgul ar group, Elu.h?r +1 for the trained

.group or -l for th e campafisan group, is substituted into

expfegsﬂnn 4 for Eha word "Graup;" and when the numerical value’s

Qf the partial raw fegrégST_t:m coefficients are substituted far bl
and b3, a single mzmetu:al value for the terms in the brackets of-
expression ' can be calczalated. This. s:.ﬁg]e value is.the
partial raw I‘ng‘EQleﬂ coe FFu:lent for the pred*xctar ICR Aphl:ude:
’l:hfif;.i,s associated with thes’ group whose code was ‘subgtituted in
the. calculations. Hence, t—here are two regreasion caefﬁmer&ts .
produced by dmﬁg _these su’ﬁ:sﬁftuttcms Ewn:e, one for the Et‘ﬂlﬂéd
group when *l is substituted, Ear Group? and another for the
1 compar ison grgup when -1 1= sub tituted for Group. Naw, ve L'urn -
" to the seconn cal1e:§1nn oX terms mentl'gne;d in the principle
- ‘gstated earhef. ) ) . I .
All of the remaining Terms in equagicn (2) labeled g, é, and
e ll‘l that equatlaﬁ, are gdééﬂ Eégether to form the aecond grnup of
prdLEEDfS referred to, ear 1iers '
(5) Constant + bi(.c:mgp) + bé (Prior Objective Achievement x
~. , . ) group) . | .
If we combine éx’pfesgioﬂs i&j and(5), they lack like this!
(6) v' E[@ﬁstans + b, {Greup) + b,(Prior Objective Achievement
x Graup)j Ebg + > CGfaup)j ICR Aptﬂ;ude. 7 '
When it 15 mticed that va lues can be substituted fo every one of
the rermg Eound within bfsf;::kel;s, su:uply adding up these valués to

get one nynher makes this- g}:pressaan look sugpic1ausly like a

187 ' .
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-two rumerical values for the word "Gréup, +1 amnd =1. Thus,

simple fegfessian equa;i@ani !{,It‘ involves mnly ozme pfédéi(:tc}f, ICR
Aptitude; .one fégfgésién t:i;gf‘;fiﬁentj, the terur . .
D;I + b!3(fGrDl;p3j ; and a constant that is made —-up of several {tems
added Eagei:her, namely the temé'in ex¥pression 5. The question

¢

that remalns to be snswered 13 how to . w:hnc:SE va Tlues for these
tef‘ms to produce cme numerical value Egr the ﬁé‘—rm that is. the
fegféssian EEEfEIC‘lEﬂﬁ, *and :;me‘faf the term th=at is the constant .

Conaider the term for l;he regressmn cneff dAcient En—st )

direétly by thé original multlplﬁ fggressmn aﬂél}FSlS.- There.are

%

looking at Lg;; + b3 (Gfﬂup)JYhen #1 is suﬁst:its.;;ed Er::rt Group, the,

numerttal valués for bl and b are also sub_stltaalﬁed and the '

: aflthmgtlc of multlplylng b3 hy 1 and addtng tg'le result to bl_is

done, the. end 1esu’lt is a regression coefficiensz fo the training -

group. Repeatlﬁg Ehe pmeedufé hut Substytutlng =1 Fcf the word

é@ﬁparlsan group. THLIS‘—?, there gre féaliy two d—ifferent regression
caefflcienﬁs, one for each of the tws vo grnglf sy@ballsed by the'

word "Group" in equation (6).

Turning to the ccﬂechan of terms lnﬁid? =t he br;ckefs l'l
representing the constaft (1_2;, expression ":), the word "chmp‘.'
can be.repl acéd 'by its ﬂﬂde,— ,i.e., +1 for the twesrained zfcup-nr‘-—-’l
for the comparison graup dEpE"ﬁdlﬂg on whl\ch groc=1p wad are warklng
with for the mment. ‘%‘mce we ire, TIOw . dEaEfibiflg a campiéte grnup
of students, 1?; seems feasanabie to feplage the words "Prlm .
Objective Achievement" with a sttistic that des=scribes the group

being cangidéfed! The number chosern for this sv=ibstitution isa

el

b
=

group' s mean on Prior Dbjectsze Ach ievemnt. Ne==xt,- substituyting

i

the vaiues pfaduced by the multiple Tegression %nalyéis for

'Canatant,.bz, and bé. and deing ther arithnetie z,neids a single ¢

numerlcal value. This value is the jr—i at?gpt for the grou
wht;se ca}ie was substituted for the word "Group" and whose *mean
score was substltuced for Prior. Ob_]ectlve Achiex—ement. Thus,

there: w111 be two y=1ntercepts. ‘one for the tr%lned ngup and =

1
il,

A 4
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seﬁara;e‘fegr3551gq eqeziations. One predicts Taﬁal Dbjegcive
scores for gtuﬂenﬁé'i} thestrained gfdup_' The cther-;rédiétg'
these scores ‘for studem=its in the cmﬁgfisén ggf@up. Each, .
. regression equation ha== a simple form, namely:s L
T (79 yli= e abx a '

Because the fegfesslan, equatians for e§ch group have d1ffereng

regressi on cnefflcientg, thease two Equatlgns degs:rlbe Sﬁ aptl_cude—‘

Eféstmenlﬁ 1nteracﬁ1am Following the same praéedures as Just,

cuﬁlinéd the SptltudEEEfEEEmEﬂt 1ntet‘a:;1rm 1nvclv;ng Prior-

Db1ecﬁ1ve Ac;h1evrement; Elscérzguld bé described as two slmple

irggres 1aﬁ equations, In general, any predictor can be des ribed

1y by Egllmngg this procedure. l
. The next aspect o £ the multiple regr-ssion analyses that -

‘needs explanation is h--ow to.interpret spgi\;ude—fsptitude=cféatment

interactions or _api;iELL*-!ﬂE%naﬁétakingﬂtfégtmEﬁE iﬂtﬁf&ﬂrtiﬁf:gi In

general, the -ssjme; proc ngdufe as was just described is applied to’

these more Enmpllcatgd terms except that 'one more step is .

B negd;l Using the same=e éxampla as bEFﬁfe (see Equatlcms 1 aﬁd Z’)
we add on one more ter—m 1nvolv1ng an apgltudeﬁnotetaklng treatment .
interction (1{5) where the notetaking variable is the Total Notes’
score on gbjeé;ive ite—mns. This produces parallels to equations

(1) and (2) that look 1like this: ™ »
(8) Y' =¢C + bRy + byX, + baXg + bsX, + bsXsg

2 ) o
and - o L :
~ (9)- Predicted Totame1 Objective Score = Constant (a)

+ by (ICR Apti_tude) o : ' - (B
+ b, (Group) ) - ’ ()
+ bg (ICR Apti_tude x Group) ) Tody
+ b, (Prior Ot jective Achievement x Group) (e)
* bs. (Prior Dlgsjec;tr\re Achievement x ;Total Notes x Group) (f)

Applylng the p‘nr:xclple of fegrauplﬁg to the predictor Prior

. Dbjegﬁlvg Achlevgmgnt—,_f the' Epllaw;pg two groups of terms are &

created : _ o | .

' (10) Gcmstaﬁl; + h C:I(‘R Aptitude3 + b. (Group) + b, (IC.R Aptltude

® Group

. = : = -

and

O
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(1) bé‘('?:i‘gr Db-:“ *i¥m Achievement- X Gm—oup) x ESQIFE{DT‘

- Objectivy “onisvypwmen# x Total *Note== x.Group).
" The «terms in <.ep---sgion (.!) anbe rearrarmged. to %salagé Prior
Gl‘;;;eﬂtlve AChi ave~ =- ToHe  aigy - — 7 - ] ¢ -
(123 E o Ciotal 'iﬁt\EB, ® G‘%Qupz “[prior’oObjective
A _Pﬁ‘. . :
A8 be:fe,--  subest " ran . the codes for eithe{ ‘the training

group' or “Shmpariison ¢ re.p i n expression iﬂg and substituting the

dorregporedi nv “pan scor:. for each group's EGR Aptitudé Test -

p;gducgs‘. & yoifitere- £ for each froup. . The= same procedure applied

to the izar “™le. .uaméd in expfessmn 12 ]Z‘ftin‘i es a unique
regregsien cc | ieient for eachof the gfc’:i;lps. Puttiﬁg these two
ireéulcg toge’ ..r Firelds one s1mple regress = on equaﬁlcm for each

_ group that dé‘ﬁf""bas the relatioship betwe=en~a student's

-

%

predicted Total Dbjeczlve Score and his or her Prior Objective

" Achievement score. :

There is one El.g,bgr;at;ianfaé this proce=dure that now needs to
be pQIﬁEEd out. Each time a nimerical véh:;je was substituted for a
predlc;cf that was a cgntlnuéua vaftabie, ==uch as the Total Notes
score, the value chosen for substitution wa=s the group!s mean
score, However, this particular choice ig mot the anly value that

could be ised. For instance, aszﬂﬁz equal to the group mean- p] us

‘one standard dE\FlSthﬁ mlght he used inste=ad. 1If this slternat1ve

value for the Tu:ﬂ:al Notes score.vere subst:jtuted 1111 expression 11,
Eﬁéfifi;ﬁléﬂﬁ. .. In other words, mthm a slngle group of Studentg, .
say the tralned group, there is a diffezeﬁ?z slope fe‘latiné the

prEdlcted dgpeﬁdent vaﬂ.atﬂe, Total Object R ve ‘Ecares, and the

'EPEIEUdEQ' Pflﬂr Objective -Achievement , for every score that .can be

recordad fmr the ﬂateta}nng varisble, T‘a—ta’i Notes .. Thus, Ehe
felat1nn5h1p bEEWEEﬁ prdlCt‘Eﬂ Total Dh]EE s=ive Scores ard’

students' PrlDf DbJECE:LVE A:hlevement chang=es as scoves on Tctal

Notes change. A
" Conceptually, this is what interactiom=a means.: When there is

a 51mp1"' aptitudestféatmént interaction, the slope relating a

: Predlcféﬂ depé‘ndéﬂﬁ v&rlable to the sptaguﬁe ‘is dlffEfEﬂt in ég_c:h

+

gragpgl‘ That wsa ‘exactly Ehe pmnl: develﬁpgd earlier when it was .

Yoo vt 1wy

H
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explained how ap%itude;ﬁtéatmént interaction terms that were
embedded in ccrmplicated fégfassicﬂ equations could be interprated
by simpli fylng the arlglnal regrezsu:m t‘esultgi Here, this =

idea af relations that change as one considers d1ffer3ﬁc groups is

Extenfied to terms in a feg'ressi@ﬂ equation, ‘like’ an sptitudgiﬂ

ﬂDEEtaklng t?eatment lnﬁerac:tu:m, WhF»'fE part of Ethe interactio is

\ "

a iantlnuaus varlable rath;r “than. a cada for a group. Now, mot

“only does-the slcpe relating a pfad1ct;ed ‘dependent variable tom

aptltude f_‘hang(ﬁ depend1ng on which group is being considered, bt

this slaag also changes within the group of students as their

scores change on ‘the ﬁcﬁetak1ng variable c;hange; Although itisa

long sentence to read, the ‘statement 'that captures this idea in

When there is an ay,’:n:i;ude-ﬁﬂtétakinEEtfeatmenE interaction, the

\ . . . .
relativnship between students’' aptitude and the predicted ‘

dependent variable changes as one considers different groups; ind
. P P23

within a group of students, the relation”between stuidents’ '
aptitude and the predicted dependent variable changes as one
ccﬁside:s different scores on the ﬁétgtaking variable. Thus,to
fully appreciate the nature of an apt;iEude%négetaking-*tféacment
int’eractigﬁ-, more than one substitution needs to he made for the
valuz of the ﬂDEEESklﬂE variahle so that chauges in the
relationship between the aptitude and the dependent V’Eflablé {nn
be displsyedv. : » - )
Bufore going on, a further question should be answered: ity
there al;é be different y—intert:ept,g. for different values of 1 °
notetaking variable? It depénds on the composite that Eorms the
y-1ﬁtercept " In the example being lsed here (see expression ),
the vaflable Prior @b‘EEtL\?E Achievement is aot included in the
CDmPﬂSLEE that forms the y—intercept. So, in-this case, the y!x"
intercept will not change because there are no different valus of |
Prior Objective Achievement to be substituted in the composite
that forms the canstant Huwever, it is possible for the '

gcmpagite that forms ‘the y-intercept ‘to include a vaflab’le tht is ?{

also ineluded in the second group of terms that produces the
fegressicm coefficient. When this is the case, there is a
di EFE;‘Eﬁt v—lntercépt corresponding to- each different vslué of the

regression coefficient. . : -
= = i R . R

6 ’ 191 .
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There aré ﬂﬁ:HEILEEEZE?EEdlguidé‘iﬂés for E%ﬁ@sihg the number

of different regression coefficients, and possibly their t
carfgap@nﬂing y-intercepts, that one needs to Exsmihé'cﬁmplex;
iﬁtéfaétiéﬁs fruiefully. In the anglvseé reported here,\?hése
complex interactions include éptitudgsnﬁﬁetakiﬁgstfesEment
interactions or EptiEBdEEEPEiEQdE;EfESEmEﬂtaiﬂEETSEEiDﬁSa; Some
réseafghera (Egg,, Peterson, 19575 produce three-dimensional
graphs of such ihtéfaczipﬁs, thereby avoiding the issue of how
many values to choose by displaying an infinite range’of such
coefficients., We Eind;these figures useful, providing that the
reader can interpret them. An-al;érﬁazive, illustrated by Cohen
-and Gghen‘(i§75, section S;é)ﬁ is to produce fégressicn'équaﬁigﬂg
for each group at three points along the Séaléi;f the "extra"

tersctlﬁg varlab]e (the’ nateﬁaklﬁg variables in the prev10us
example?, the mean minus one sgandard dEVlEEIDﬂ, the mean, and
the mean plus one standard deviation. wg have Eallnwed this
lsttEf course 1n thls report, . Judglng it easier to pfesent and to
interpret. Dur choice also seems more defensible in the llghg of
small samplie sizes for which an infinite range of coefficients S
might suggest a smooth change where such relationships may not be
justified by our data. A disadvantage of DUF.QhéiEE, howaver, is
that standard deviations are sensitive to outliers, although the
presence of outliers would distort three-dimensional graphs as
well. Further, one should not dlSCSfd outliers from- a data et ‘
unless it can be defermlned that the outliers’ represent a
different pOpulattan than the scores constituting the remainder D%
the distribution. We assume here that outliers .simply reflect the
absence of iﬂtéfﬁediatélvalueg due to smsli samples. Thus, when

we déétfibr'a

aptitude~aptitude~treatment interactions or apcitude%
-

notetakifng-treatm lent 1ﬁteractlnns, we presenﬁ tables descrlblng
within—-group regression slopes and intercepts at these three
points of the scale for the intéfacﬁing vsfisb1e.
' The final issue to be Explalned befere turning to the results
is why only one effect slgé statistic is tEpDFEEd per aﬁalys1s.:
It may seem intuitive that an- effect size dESCflblng dlEfEfEﬂEES
fvbecween group means could be reported for every term.in the _
regression analyses that includes the group code, FQ:!example,liﬁf
¥ . ’
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expression 9, it may appear reasonable that four effect sizes
could be calculated, ﬁﬁé_EQ; each of the terms laheled ¢, | e,
and f. The reason that this is not pgssibig is given by the same
principle for regrouping terms as has beeé demonstrated
éfaviguglyg When, in expression 9, terms labeled a‘and bure
ngupEd EE form a constant, and terms labheled ¢ through £ are
.Eallected to create a regression coefficient, there is onlyone
equation~té describe the predictor Group, ﬂaméiyf -
(13) Pred1cted Tatal Objective Score =

[Constant + b, (ICR Aptitude)’]

+ F%E + beICR Aptitude) + by (Pr1nr Objective Achweméﬁtg

+ bS(ErLDr Object "ve Achievement » Total NQCES)ETGWUP.
Substituting group means for the aptitude anﬂ notetaking
variables, and a code for the Group produces only one predicted
mean sScore per group. Henﬁe,'nﬂlv éne effect size can be wnputed
comparing the two gfaﬁpé? calculated as:

(14) E = (Y‘ - ) / Ms

rasidual

Regardless how Ehé terms in expression 9 are atrangeé for example
as in expressions 1D plus 11, thev can always be rearrangd to
giVéié#prSE{Qﬁ 13. 1In mﬁhef w@rﬂg,fwhe% thére are aﬁiyﬁmo
groups, Ehéfe can heiahly one effect siée whéﬁ.gfgup@méaﬁsne—
sub5t1ﬁuted for continuous variables contained in the fégﬁmian
Equaﬁlan; This differs ngm the results of Study III, whﬁethe
four vectafs ‘representing contrasts amanp five groups weteﬂl

free to TEmEiﬁ in anv paft1€u}af fegr2551aﬁ Equstlan. Tﬁtht

)

case, one separate effect size could be calculated for each’
contrast. »Bu; when a particular contrast was also invaTVan‘aﬁ
aptitude-treatment interaction, only one effect gize was
gaiéulatéd for hoth Ehe“égﬂtfas;.msiﬂ effect and the éptimh*
S:;atment interaction. With these statistical exPlaﬂatimmbéhiﬁd

us, we turn now to the results.- .

"Class A

Descriptive statistics for the dependent vafisbles inﬂaés A
are reported in Table 18. Differential ¢ffects on students'

achievement due to the treatment were absErved for every_@ﬁndeﬁf
,‘ : . e

variable except Non-Tagged Objective Itédms. Although these

effects were statistically reliable, the effect size statistics

.15
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suggest that educationally important differences were not .found

(see Table 19). 1In particular, on the Total Dbjectivé Scale, -

.students’ a;hieveméﬂﬁ~in thestrained group corresponded only to

the 53rd percentile relative to the average student in the™ - .

comparison group. ©On the other dependent variables, differences -

= : =
¥

“in these relative terms were indistinguishable. However, these -

omnibus ‘contrasts require qualification on the_basis of the g
e N - h - e
interacﬁiﬁns Ehaﬁ'weré common among these analyses. - Table 20

shows the cﬁlcula " for EhPSP 1ntera:t10ns as des:flbed in the

o

The lﬂtEfaEtlDﬁ involving Tagged DhJezt;ve items as the
dependent vafla£1e provides an Example of the campléx results of
training students to usge cognitive sttategles in regular classrcnm
1ESSDﬁS;“ Consider the LﬂEET%SEan us;ng notetaking (KZ in Table

20) as a grouping variable rather than IEEhaﬁtiFudes ‘Either set of
équagiaﬁs in Table 20 provides the same information and reflects the
same stat15t1¢al result reported in Table 1@ Tﬁé upper set where

notetaklng Ls the grouping variable Pfé?lde a tlearer dep1ct1an of

the Effects of Etalnlng*than the, alternatxve.( Note that at the

.means on naﬁetaklng for both groups, the d ffEfEﬁEEE of sicpe for .

the two groupstare inconsequential (see Table 19). However, high -

notetakers with high ICR aptitude (at +1.standard deviation) /in the

. . R _ . = . __ . . 5 = ! P 3 = =
trained group had high scores on Tagged QObjective items, while their

‘trained colleagues who had high notetaking scores but low ICR

aptitude had low achievement scores. The opposite result occured in
the comparison ngUﬁi Here,. high aptitude, high.no;éngergxéédhpéor
achievement whiie high apti;qﬂe, 1@wvﬂDEEEakéf$nWEf§ more succeasful
achievers. : ‘ _ .
These %esults can be interpreted as follows. The ICR a?titudé‘
test was des%gﬂeé to indicate the degree to whithfstudents-wefeJEEIE
to 1nterpreﬁ their teacher' ’.iﬁﬁeﬂéiéﬂs fcf*studenté‘ cognitive '
prccesslng. The test was admlnlstered in Early spr;ng, after the
students had. heen wﬁfkfng W1th their Eeatths For Ebauﬁ seven
months. Assuming that ‘the teachers had ncE drastlsslly a1tered . -

their teaching. methads nﬁr’théir 1ntention5 for studént cognition

“after we had hegun wark;ng with thEm; the 1CR apgltdﬂé measure

assessed an historicallv, developed set of communications between

e s 195 ﬂ“‘ 203 ;E _ ,“
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TAHiE 19

.

o ﬁgckua?d Seleg:inr Regresgggn Analyses fFar Class A

Study TV
e * i :
Dependent Variable . Predctors 8 Fl/e P *vnriance{ E
Total Ohjective Scale Tetal equation -~ 6,04 " (o) I 71 .07
PFriot Objective - .
Achlavement .11 1,81 .09 .15
v “TCR ‘Aptltude x ) 3
Total Hotes x .
- Group . 51 2,74 501 . 26 .
Constant -£13.51) 18,71 ER ) O
Tagged Dhj ive Iteéms Total equatien B 4,917 .04 - .16 .Gt
- 1CR Ancitude x -
Tagged Notes .
= Group .45 3 23 L 04 .21 7
: Cenatant ( 7.24) 516,04 .0
.
Non Tagged Objective Total equation 581 .0 .19 -
ltems Prior Obfective
- Achievement .48 2,41 .03 . .23
Conatant € 4.3 13.25 =, 0t ‘
Toral-.Easgay Scale Total equatien 3.48 .08 il .00
. 10k Aptitude x :
. Group -.39 -1.87 .08 I
. * Censtant (1.8 4.98- <.00 .
Tagged Eé;sy Scale Tetal equation 7.05" .02 .23 .01
TCR Apticude x
. Greup - =2.66 .02 . 27
Constant € 4,04 ,<.01 : .
Non=tagged Esaaay Total equation 5,65 .01 .32 .00
Scale Priaor Ohjective
Aech = Group =, 41 2,18 - .04 .16
Non=tagged
notes x Group =, 40 =2. 12 . 05 15 o
N Tonscant ( 86) 3.9 < ,01 *
: T -
1 F=statistics are rgparted for the regression equaﬁlnn contAaining a1} predictora
remaiaing Iln the equatlon (p < .10Y; t-stacisties are reported for each
predictor’s alope coefficient. . '
) -

The €igure reparhed for EhE Total equation’ i3 R“ ndiuatvd for shrinkage.

© Those agsociated vith es:h prdlEEBr are ;quafeﬂ parc far sgmip&?ﬁ'ﬂl)
:

=

o

e
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TARLE 20

Staplified RS Equations for Interpreting =
Interactions from Analyses in Class A
Study IV . - N
Dependent Varlable Predleteor (X) Within-group Regressfon -
Egquatf{sns
Tatal Dhlectlive T ICR Aptlrudes (¥.% x
Scale, Total Nores (¥3) x
! N Crnup B
ed Oblect!ve TER Aptltude (X,) % E’ . :
Tacged Yotes }Kal % E’ g, 3]
- Groaup E* 9. 24 X
c' = 8.2 53 -
C' = 9,24 4+ 02 H X
- €' = 9,24 = B0 g
¥ E' = 9,24 =
E' = 9,34 &+
E' = 9,24 +
C' o= 8,24 + ,
. C' = 9.24 +
* C' = 9,24 =
= - ‘F
Total Essay Scale ICR Aptitude x Group E' = i;aq -
) c’ v.83 +
Tagged Essay Scale ICR Aptltude x Group E' = 1.03 -
cf =71.03-+
Nah‘ﬁagged Essay Prior Ohfeccive E' = (B3 4+ ,29%
Secale Achlevement x Group C' = .83 = .29%
Non-tagged Notes x E' = 488 - 16X
Croup == ' = _B8 + .16%

Note:
treatment Interactions, the regrersion equations at ths mean af the
variable|for which group seores wire substituded are equivalent to the
aptitudererdatment Interaction or the notetaking-treatment interaction
= from the|preceding tahle 1n which the grouping variable dees nat appear,
~Microfilmed From
== . Barmilabniom 7.
Best Available 7-inv
197

For aptitude-aptitude-treatment {ntsractions or aptitude-notetaking—-
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teachers and students. Presumably, the students who scored high in

ICR aptitude were those who had understood these communications more

il
[
o
o8
[m

successfully than those students wha had low score
undersﬁsndlng thesé intentions is not the same as being able to
execute the instructional respense that teachers intend. The
training may have provided this éapabi?ity put only i? the training
ts who were successful at percéiviﬁg these
ere unable or unwilling to execute the response had
chievement. This was the high aptitude, low -
notetaking trained group. On the other hand, some of the high _
ng students who had been trained now were

n
11ling to employ a faEth EDﬁhl ticated
e

from teaching. Their hlgh nateﬁékiﬂ

P+

»yidence tat they used these

ion with the teacher

e
up, high abilitv, hi notatakers

h
vement test. Recall that their

epresent the execution of an

W

appropriate cognitive response. Rather, it simplv indicated that
e t

these comparison gfoup students had processed instruc

to any of a host of varied instructional stimuli that they perceived
somewhere in the lessons, but the inapprapriate'gf incomplete

execution of a strategy for cognitively elah aclng the 1nfa a;iaﬂ

for atorage 1in 1angrtéfm memory due to allocating taa muth cognitive

resource to notetaking. As a result, ‘they were less successful on

t
in which appropriate cognitive responses were being signalled. On

the other hand, high aptitude, low natetaking students in the

Lau ]

comparison Zroups were pEfEEIVlﬁg the Eeacher s intentions for

-1/



cognitive processing, but were not distracted by the task of taking
notes that were not necessarily representative of appropriate

cognitive operations, as was notetaking in the trained group. These

students, then., mav have been attending to the important information
1

)
o
(o]
Ly
[
[n)
ot
=
49
[
]
™
1]
"-4 "

to- be tested later, and e nfe rmatl@r;tcr storage in

long term memorv by using idiosvncrat developed cognitiv

responses about which we have no dat

The form of the ICR.Aptitude x es score X treatment
N .
. group interaction on the Total Ob ive achievement score is quite
different :

ly, as well as

,,,,,, the joint mean
itude and Total Notes. However, note the regres

nts for each é aup!thag—shaw the relationship of ICR

€
Aptitude to predicted achievem=nt scores at three points (-1 sd, Hﬁx

+1 sd)along the Total Notes scale (X, for the analyses reported for
the Total Objective scale in Table 20). What is strikingly apparent
1s that the regression slopes for the two groups are pgegligibly
©w
t e

the mean and one standard deviation abave the mean

5 and —-.16, respectively' for total nctes taken. But at =1

rence was —.41. Herein lies the locus

nt group. For students

reatment group. But treatment did make a difference for high
: 1

‘the high apElEude, 1Dw nuﬁeﬁaklng traine

T E%aﬁ their untrained caunte;parts, iﬁdictal

training did infiﬁéﬂce the cognitive respgnsés of these st

Turning to the essay dépendent varlables,-the interac

ptitude and Group was ﬁéetly identical on Ehe_To;al Essay Scale
and the Tagged Fssav S -ale,  :Irirthe trained groups, students

" predicted ach;evemEﬂt was. negatively related to ICR Aptltude. The

opposite was true of studerts in the comparison ggaupg

[
[Xe]
WO
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.dependent variable was Total Ob

s

On the Non-Tagged Essay Scale, two interactions were

o

i

s
red. Prior @bjective Achievement was proportionally related to

EY

the trained group, and 1nversely related

g
H
m
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in the comparison group. In contrast, students in the trained group
wvho toock more rather than fewer notes corresponding to non—tagged
information testec on the essay test were predicted to score lo

on this essay scale. The reverse was the case in the comparison

group where the amount of HDEES taken in non-tagged concepts was
positively associated with predicted achievement.
Class B

iptive statisties for allivariables are displaved in Table

cT1
21. 1In this class, achievement on the essay test and its two

cales was nctﬁaffgcﬁed dlfferen ially by the experiment since no
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equations show that an average trained student sco

r
percentile on the total objective test and at the 93rd percen
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tagged objective scale, the magnitude of this effect was

considerably less. An average trained student scored only at the

backward selection regression analyses. For the two dependent
variables showing large effect sizes (Total Objective Scale and Non-
t
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Achievement was inversely related to achievement in the trai



TABLE 21

f ]
Weans, Standard Deviations, and __Ev;rrr‘.f"latiéﬁs imong a1l Variables iﬁzE:HSS‘ B, Study IV
Trained Comparisen ; 3 4, 5§ 6 7R § (C/E S U S & T VI &
: . . , : .
I IR aplitude TS RS T R N T R A LR B
v 1,58 1.77 ' ) )
2, Prior hjective Achievement 7,50 3| ‘9 6 25 0w 06 <09 0 5 51 4 ¥ 5D
: 1.14 .70 . :
3, Prior Essiy Achibvement Y .7 57 %5 4 18 Dg D BT W T 4 ¥ W
: .10 1.80 : :
L . )
4, Tatal -Ejtég,pbjgzciveétéﬁs .38 36,00 : g7 46 65 47 &7 50 MM S
- 0.8 CILET 5 Vo L
. ; _ 4 _. i"
§, Tagged Notes, Objective Items 12.00 15,42 o g 71 51, 1% & 3 46 fB1 49 LY}
10,52 b.58 ) S
6. Non-tagged Nores, 12,38 14.57 , s, 19 .5 53- 3% % -5 B X
Ohjective Ttems IG}E"! b. 34 i :
1. Total Notes, Essay Concepes - 713 2029 - . @ 9 06 O 10 15 07 -
£,98 7.5 ‘
3. Tagged votes, Bssay Concerss 1007 4,00 §5 05 <07 <1 -0l 0B 06
. LAl 1.00
5. Hon-yagzed Motes, 61382 g 02 13 19 o
,Essay Concepts 3.87 6.30 '
1.40 3,15 '
? .
11. Tagged Objective Items 4,75 3,42 51 40 - & 01
: S 149 2.51 R
12, Non-tagged Objective Items 6,38 h.86 2 59 2%
- .0 1.57
13, Total Zgzsay Scale 5.75 4,43 85 B2
L0 LY _
14, Tagged Essav Scale ' ;o 2.87 1,57 if
1,53 1.81
15, Non-tagged Essay Seale - L8 1.86
1.73 1.5 £

I ypper nushers are means; lover nusbers are standard devitions.

) . .
1 'DE TC"IE’E gaitted on correlations,

IToxt Provided by ERIC
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TABLE 2:

~

Rackward Selection Multiple Begression Analyses for Class B,

Srudy 1V

Dependent Vgriable predictars . g Ff;l P vu:iaﬁcgz E
Torsl Objective Scale  Tetal =quation 27.07 <.01 75 1.43
Prior Essavy .
Achievement .83 6,70 =,01 .68
Frior Objective
Achievement %
Group =.24 =1.%6 .0 .06
Constant (9.99) 23,45 =.01
Tagged Objective Items Total equation 4. B9 .02 .53 .18
Prior Objective
Achievement x
Group =.58 =2.97 .01 .30
ICR abricude =
Group 43 7,06 .07 A
* Tagged Notes X
Group ~ 43 2,21 .05 .16
ICR Aptitude X%
Tagged Notes x :
- Group -. &0 =2.81 .02 L27=
- Conatant (4,29 10. 43 =,.0
Hon-tagged Objective Toral equation 7.95 =,01 .71 1.45%
Icems Priar Essay
Achievement A 2.09 .07 .09
Hon-tagged holes .57 2.78 .02 L 1E
Group .32 1.87 .09 .07
Prior Essay
Achievement x
Group L34 1.90 .09 .07
Hon=tagged .
5 Hotes % Croup =.45 .05 .16
- Constant (5,23) =,01
Total Essay Scale Total esquacion == B = - == ==
Tagged Essay Scale 6.78 .02 .29 -
.59 2.61 ..02 . 34
= (2.2713 5.96 < .01
Non=tagged Essay
Seale . - = -= == -
1 B

F-statistics ace report
cemaining in =~ equation {p < .10);
predictor's siupe coefficient.

ed for the regression equation containing all predictars
. :

r—statistics are reparted for each

is RZ adjusted for shrinkage. Theose

figure reported for the Total equation
] (or semipartial) correlacions.

[
associsted with each predictor are agquared part

: Microfilmed -~ -

- Best Available
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. : , TABLE 23

o . Simplified Regression Equations for Interpreting Interactions from
Analvyses in Class B, Study IV.
B - - . B 7'77 B . o - B ) fii‘j

Dependent Variable

Equatioens

predictor (X) Within=group Regféssiéﬁ

Total Objective Prior Objective E' = 11.05 - .37X

Scale . Achievement x Group .C'

Tagged OKjective Prior Objective E'

items " Achievement x Group ¢C'

ICR- Aptitude {X7) x
Tagged Notes %f23 x E'
Croup ) - E

= 8.79
= 4,64
= 4.24
= 2.77
= 3,86
2 4?96
= 3,50
= 13.80

i]
B
L3
m\

-

-lr

L

+ ¥

+

. 37X

.51X
.51%

2.19%4
77X
;54X1
. 0BXy
. 31Xy

1.69Xy

: E' = 3.38 + .26%y at -1sdX)
E' = 4.26 + ,05X5 at MX)
E' = 5.14 - .16X, at +1sdX;
. c' 5.25 - .41X, at -lsdX;
c' = 4.25 - .17X, at MX; _ -
C' = 3.27 + .07X, at +lsdX,
Non-tagged Prior Essavy ' ' = 5,82 £ .72X
Objective Items Achievement x Group C' = 4.89 '+ .03X
. Non=ta#ged Notes x E' = 6.40 + 00X
Group c' 4.59 + ,23X
Note: For apf{budeaéptitﬂdE*zfeatﬁenE interactions of aptitude-notetaking-
treatment interactions, the regression equations at the mean of the
‘variable for which group scores were substituted are equivalent to-
the aptitude-treatment interaction or the notetaking-treatment
" interaction from the preceding table in which the grouping variable,
does not appear. ’ )
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i a
-hievement Scale). Thus, this interaction describing
t

o
e
[ad]
]
M
o
=]
o
rory
¥
=2
)
=

was tagged is much mor

the former. The present intersection suggests that training

students to make intended cognitive respomses whe

Eeacher's instructional stimulus interf

an
res with high -aptitude

ere
rning tagged information, but promoted low aptitude

The simple regression equations produced from the complex

interaction of ICR Aptitude, notes made about in nformation ta agged by
the teacher's instructional stimulus, and the treatment cendition

show several things (see Table 23). First, the y-intarcepts for the

i
(]
L)
il
]

o
-
1]
[~™
[
L]
r
o]
L
Lt
rn
-
1
h
[~
H
]
r
Q
2
r
o
m

equations in which ICR Aptitude
two blocks of six equations associated with ICR Aptitude Cx13 X
Tagged Notes (Kzi x Group in Table 23) pragf3551véﬁ; inereases as
students' scores increase from -lsd to +1sd on the variable '

t information their teacher tagged with an
-ional stimulus. $iﬂgé the ICR Aptitude scores were deviated

t the grand mean in these analyses, this pfégfésgtan of values-

took more notes about tagged concepts, their ﬁ'ediﬂﬁ&d achievement
increases also. However, the interaction of IC

Notes indicates that this teiaﬁ!éﬂghlp varies with the 1evel of

studencs' ICR Aptitude.

In the experimental group, the relation between ICR Aptitude
and predicted achievement on information tagged by instructional
stimuli becomes less positive as students took more notes sbout

ct,

tagged information. In fa for students whose notes scores for .
L
- i
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tagged information were +1 ;tandafd deviation from the mean, there
was a negative relationship between ICR aptitude and achievement on
Tagged Objective Items. This suggests that students at low and
average levels gf aptiéude for recognizing when to make appropriate
cognitive responses profited from training when they took more ﬁﬂﬁes
about tagged information, but that students high in this aptitude
would be predicted to score higher as thev take fewer notes.

However, when trained students took

otes (+1sd),

e |

only those students with ICR Aptitude scores that ‘exceeded the 69th

percentile for their group had predicted achievémEﬁE\gtﬂgégkthat

i

ell below those for trained students who took an average amount of

notes about tagged information. This crossover point is at the Blst
percentile of ICR Aptitude scores when comparing frequent notetakers
(+1sd) with less frequent ones (-1sd).

= L = - 5 s . = ¢ &
Thus, training students to wmake intended cognitive responses

during lessons is somewhat beneficial in general, elevating their

. learning of tagged information tested by objective items to .the 56th

percentile relative tp ‘average comparison students: These results
could be interpreted as follows. Suppose that high ICR Aptitude
students do not provide behavieral indications of the intended
cognitive response we trained them to use because they don't use

his mediation when the teacher tags information. Rather, they

[N

(o)

substitute a cogniéive response that tWey presumably have developed
by virtue of the fact that they exhibited high ICR Aptitude 4
scores. Following these assumptions, it is possible that these
students have rejected our version of ‘cognitive processing in favor
of processes they prefg% and have developed on their own (see Winne
& Marx, 1979). 1In contrast, lower and middle ICR Aptitude students
who used our intemded cognitive response when cued by their teacher
(the. +1sd equation of the first block of six equations) are
predicted to score very well indeed on this infoermation 5; indicated
by the highest y-intercept (4.96) and a negative regréssion
coefficient (-.64) for this equation.

Although training students to make intended cognitive responses
was benéficiai-averall in this class, the complex interaction of ICR
Aptitude, Tagged Notes, and Group reveals that the effects of

=
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training are not alwavs superior to no training. 1Imn fact, training
is predicted to enhance achievement of information that the teacher

in this class. For students who took relatively fewer notes, no

training was better if ICR Aptitude scores were below the S8th

percentile. For those who took an average number of notas or a

relatively larger quantity of notes about tagged informationm, no

training was better for students who scored below the 49th

tile or the 48th percentile, respectively.

On aﬁjEétive measures of achievement for- students in Class C,
training in the use of intended cognitive responses was reliably
related to learning. After scores had been residualized for prior
achievement, students in the trained group outscored Eﬁeir untrained
peers on the Total Objective Scale and on the Non—=tagged Objective
former énd the 76th percentile on the latter in comparison to

n the comparisen group (see

=
i

predictions for an average student

Table 24 for descriptive statistics and Table 25 for summaries of
regression analyses). Thus, the training vielded a practical, as
well as a statistically reliable effect, However, there were no
statistically reliable differences identified between trained aﬁé
untrained students on ohjective items that tested informatien that
the teacher had tagped with instructional 5tiﬁu1i;

On the essay measures of learning, ICR Aptitude was a
consistent variable that influenced relations among achievement,
treatment, and in two of the three cases, nécécgking by students.

As well, the simple comparison of the two groups' predicted mean
scores revealed that training deleteriocusly influenced essay-related
learning overall and learning concepts that had been tagged by the
teacher, 1In these two instances, average predicted scores for
Scale and the 6th percentile on the Tagged Essay Scale, compared to

the predicted average comparison student. The opposite effect

- occured on the Non-Tagged Essay Scale, however. On this scale,

training aided learning, boosting predicted average achievement to
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- Heans, Standard Deviations, and Corvzlations Among all Varisbles in Class C, Scudy IV

TABLE 24

Trained Comparisen 1 3 4 5 6 1 B 9 11 R U S A & RS T £

1. IC} Apt 1tyde

)
2. Prior Objective Achievement

*

3. Prior Essay Achievenent

4, Total Motes, Objecrive Items
3. Tagped Notes, Objective i;ems
b, Hon-tagged Notes, ‘;

Objective Ttems

1. Tota] Notes, Es=ay Concepts

¥

E-“?ﬁiEEE Notes, Tasav Concépts

8, Fon=ragped Notes
Essdy Coneepts
10, Total Ohjective Scale
L]
1. Tagged Objective Ttems
12, MNen-tagped Objective [rems
13, Total Essay Seale

14, Tagged Essav Scale

15, Mon-tageed Exzav Seale

8.0
170
3.0

1.30
1,35

.20
.10

36.50
0,1
16.00
9.)
éfa,! 50
11,13

26.50
15,13

6,17
.8

i1
7iE

Heach
Holl

et
R

1,83

2.

I T 1

1 %

1

0

&3

41

18

34

92

Y

39

87

&0

17

79

b3

33

49

30

3l

L9

4]

43

L3

9

0

13

L5

41

bh

49

L

1!

kY]

K}l

n

10

&7

09

19

b6

62

33

84

0
2%
10
3
63
"

37

l. _ Lo
" Upper numbers are means; lower numbers are standard deviations.

re sgmitted on correlations,



. TARLE 25
Backward Seleztian Multiple Regression Analyses for Ciass [,
- . Study TV
) . i o z
Dependedt Variable Predictors B Fle p variance E
Tatal Objsetive Seale Total equation 14,72 <. 01 .73 .26
Priagr Objective
B Achievement .57 3.61 .23
Prior Easay
.- - Achtevement _ 48 _2.8D Y
Group .14 2.27 . .09
Constant (14.171 26.80 <1
Tagged Objecti{ve Trama Total equ 9.689 <, 01 . 54 -
Prior Ohie
Achieveme LB 217 .05 15
Frior Fasay - .
Achievement L44 2.11 . 06 .14
. Canstant (6.50) 14,80 .0
B o , , N
Hon-tagged Objective Tacal equation 10.10 =, 0 N .72
Items Prior Ohlective i
Achievemeant .79 4,87 .0 L61
Group .32 1.95 .07 10
Constant (7.861 27.130 .ol
Tatal Essay 5Scale Total equation 17. 1 <, 01 .78 .99
. Priar Essav
. Achievdment =.40 4.83 .0 .36
ICR Aptfitude x
Group -.2% -1.95 .07 .06
IfR Aptituds =
Tatal Noces x
Group .64 =1, 00 .0t 14
Constant (3.79) 10.29 .00
Tagged Essay Scale Total equation 22,30 =,01 .81 =1.59
: Prier Easay - ’
Achiszvement 77 6,58 .01 .55
Tagped Hotes =.44 -2.79 .02 10
ICR Aptitude %
- Tagged Noteas x
Graup =.56 =3.44 .01 .15
Constant (2.0 11.20 .M
Non=-tagged Emsay Scale Total eguatian 7.25 .0 .56 .25
. Prior Fasay
’ . Achievement .75 3.96 .01 L47
Group .45 2.36 .04 17
ICR Aptitude % =
Group -.48 -2.74 .02 .22
Canstant €1.136) 3,23 - 1
R .

aining in the equation (p < .10);
ictor's slope coefficlent.

f-gtatiscles are reparted for the regression equatlon
zatlatica are

contalning all predictora
reported for each

" _ . 2 : . X .
2 The figure reported for the Total equation ig R adjusted for shrinkage. Those
sssaciated with sach prediector are squared part (or semipartial correlatfens.

Microfilmec
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-
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the A0th percentile relative to an average untrained counterpart.
" rhese gzmple findings are modified hv interactions invelving
the essay test scores. C’ﬁSLdér the Non-tagged Fssay S.ale first,
On this dependent’vgéiable, trained students with average ICR
Aptitude scores glightly outscored comparison students also having
aﬁetagé ICR aptitude, as indicated by the difference in v-intercept
_in Table 26. CREcsil that TCR Aptlﬁude has been deviated about its
grand ﬁéan, thereby making the v-intercept correspond to average ICR
Aptituie scores. ) Bug»the 1n§eractlmn of aptltude and Eteatment
1nd1¢azes that this descript;an does not hald'a:fcss the faﬁge of
scores for ICR Aptitude. 1In fact, bevond the 79th perce entile of ICR

Aptitude Siﬁrés,icémpagfsan group students are predicted

T

to outscore
their trained peers. Moreover, the negative regression coefficient
relating ICR Aptitude and essay achievement of non-tagged concepts
for the trained students (see Table 26) indicates EhE-thiﬁing put
aptitude students with regard to achievement measured by the Non-—

‘tagged Essay Scale,
Analyses of the Tagged Essay Scale and the Total Esgsy Scale

both revealed similar complex interactions.invelving ICR Aptitude,

the relevant notetaking variable, 'and treatment. Consider the

Tagged Essay Scale first. The y—¥ntercepts for the simplified

regression equations ‘involving ICR Aptitude as the predictor (the

e

sthird block of six equations in Table 26) show that predicted scores
for comparison group students having average ICR Aptitude are at
least as high or higher than those for trained students of average
ICR Aptitude. 1Indeed, within any expected range of ICR Aptitude
(+3sd) untrained students who take a mean number of notes about
information tagged by instructional stimuli are always pfééicﬁéﬂ on
average Lo outscore trained students. Aﬁang students who took |

student trained to make intended cognitivz responses whose I{R

’ Aptitude scores exceeds the 45th percentile is predicted to score
better than an average student in the :Dmpafisﬂn gfauég However,
among students who took feiatively more notes on the tagged ccﬁzepés
tested by essay items, an average trained student's ICREAptitudé

needs to fall below the 30th percentile before the Tagged Essay
a 210218
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TABLE 26
Simplified Regression Equations for Interpreting Interactions from
Analyses in Class C, Study IV

Dependent Variable Predictor (X) Within-group Regression
: Equations
tal Essay Scale ICR Aptitude (X;) x E' = 3.12 + .25X; ¢~ -1sdXy
Total Notes (¥,) x E' = 3.12 ~ .77X] at iy
- : ~Group - E' = 3.12 - 1.79xi at +1sdX
7 ] C' = 4.90 = .98X| at -1sdX;
= C' =4,90 + .25X7-at MXs —-
. C' = 4.90 + 1.92X, at +lsdXj
Ef = 3.20 - DZXZ at =1sdXy
E' = 3.41 + .05K5 at MXj
E'-= 2.08 = -ZDKZ at +1sdX;
C' = 3.62 - .24X] at -lsdX]
C' =5.38 = 09Xy at MXy
¢' = 5.60 + ,13X; at +1sdX3
Tagged Essay.Scale ICR Aptitude (X)) x E' = 2.13 + .52X; at -1sdX,
- . Tagged Notes %EE) x E' = 1.51 - .Iéxl at MX, '
Group - E' = .89 - 8531 at +15dx2
c' = 3,68 - 1.14X, at -lsdX,

a
[}

2.90 - .27X; at MX,
2.12 + .60X] at +1sdX,

_—
'
)
i]
-

E' 1.66 + .05X, at -~1sdX,

E' = 1.66 - .01X, at MX;
E' = 1.66 - QDBXZ at +1sdX,
C' = 2.65 - .04X5 at -1lsdX)
C' = 2.65 - .06X5 at MXj
C' = 2,65 + .03X, at +1sdX;
Non—-tagged Essay ICR Aptitude x Group E' = 1.84 - .72X
Scale ' c' =1.23 + .72X

Note: For aptitude- apt1tude=tfeaﬁ efit interactions or aptitude-notetaking-
treatment lﬁtEfaEEIDnS, the regression equations at the mean of the -
variable for which group scores were substituted are equivalent to
the aptitude-treatment interaction or the notetaking-treatment

interaction from the precedlﬁg table in which the gfauplng variable
does not appear.
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Scale score.is predicted to exceed an average untrained students'

achievement. Thus, students high in ICR Aptitude who

operationalized training we gave them about making intended
cognitive responses, insofar as performing the hehavioral indicator
s representative of these questions, were hurt. 1In contrast,
students with higher ICR Aptitude who did less notetaking than we
instructed were predicted to outscore Qﬁ;fained students.

Although the crossover égincs vary ‘when Total Objective Essay
scores are examined, the same relationships hold as were described
for the Tagged Essay scores. Higher 1CR Aptitude students who
operationalized inﬁéﬂﬂéd;GDgniEiVEXfESPDﬂSES at either average or
above average (+1sd) levels achieved lower scores relative to both
untrained students in general, and to higher TCR Aptitude trained
students who recorded relatively fewer notes (-1sd).

iy

perationalizing training to make intended cognitive responses

o

benefited only fairly low ICR Aptitude students in this class on the

essay test.

s
=

’lags

In this class (see Table 27 for descriptive statisties),
effects due to the treatment condition were sbserved for two of the
three objective scales and one of the essay scales (see Table 28).
On theiTatsl Objective Scale, the interaction of Prior Objective
Achievement with Group, and the intersection o; Total ﬁatés with
Group complicate the simple interpretation than an aversgé student
in the trained group would be predicted to score at the 9S5th
percentile relative to the averge of the comparison group
distribution.

The interaction of prior achievement and .treatment with the
faﬁal Objective Scale as the dépéﬁdgnt variable islexplafed in Table
29. The éi;hiﬂégféup regression equations show that training
lessened the dependence gffﬁhe Total Objective Test

scoi 28 on prior achievement (b=.47), compared to untrained students

.Hgﬁevér; prdiﬁEEd‘SESEES;Dﬁ the Total DbjéctivE'Scaie-fof'traiﬁed

students whose prior level of achievement exceeds the 82nd
percentile begin to fall below those predicted for comparison group

students, Thus, training students to make the cognitive responses

Y




TABLE 27

¥gans, Standard Deviaticns, and Correlations Azong All Variables in Clasz D, Study IV

' Trained Comparison 1 1 4 s & 7 & 3 W 0 1z -1

1. IR Aptitude L TSt S S R R L
286 143 |

1, FPrior Objective Achievezent  B.91 7.38 75 4 3B
1,66 1,02
3, Prior Essav Achisvement 5.2 1.88 A R VR | [ YA L
: 1.35 1.25
G, Total Notes, Ohjective tegs 4855 43,88 B2 96 b4
o ILn 8,48
5, Tagged Neres, Objective Jtems 26.73 25.88 ‘ 63 1 W - 4 B % 15
4.13 .75

f. Non-tagged Noles, .82 18.00 , K M - 11 14 B 1
Ohjective 1tema 1.9 6.99

701N B N

7, Total Nores, Tseay Concepts  45.00 41.63 1.00

4.4 5.66

8, Tagged Notes, Tssay Concepts 36,00
§, 43 5.66

9. HKon=tagged Boles, 5.00 9.00 == we == ==
Essay (oncepis 0.00 0.00 :

10. Total Ohjective Scale 14.63 10.88 - LT I 3|
175 1,5 : :

11. - Tagged Dbjective Items 1.43
225 L7

17. Non-tagged Objective ltems 1.18 5.75 : 54

.72 .15 '

13, Total Essay Scale - 191 .38
: .2 .00

14, Tagged Essay Seale 3.7 2.87 o -
| | L& LBl : '

L]

15, Non-tagged Essay Scale .63 .50

1.0} <53 ' . e AT
— _— iani‘Df%iﬁ”‘:%d‘Fl'ﬂm
: Upper rumbers are meansi lover nm_:béfé are ;l;andar_d deviations, Eest Avallable C

E 1 ) .
¢ qzlg:i(::rg cmitted on correlations,
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TABLE 28
Rackward Selection Multiple Regression Analvaes for Class D,
Scudy 1V
1 z
De pendent Variable Fredictors & Fle Y B variance E
Total Objective Scale  Toral equatien 10.17 = .0 .75 1.87
Frior Objective
Achievement 4,07 < .0 .23
ICR Aptitude 3.07 .0 .13
Total Notesz =1.0R .01 13
- Group 1.87 .09 .05
. ?rior Ohlective
) Achlevement %
Group =13 =216 .05 .06
Total Notes =
Group .60 3. .0 .14
Constant (12.72) 25.41 .0 .
Tagged Objective Ttems Total equation t22.18 £ .01 .54 -
TR Aptitude .75 5.N <« DM .57
* Conatant (6.67% 17.96 = .M
Non-tagged Objective equation 12.83 = .01 .77 1.02
. lective
ent .80 5. 48 = .M .19
ICR Aptitude . &5 3.02 . 17
Non=-tagred Notesa =85 - =1%127 .M 1
Prior Objective
Achisvement x
CGroup =. 41 -1,02 .o 212
Non-tageed Notes
x Group .61 417 = 01 .23
- Constant (6.50% 27.1% < .01
Total Easay Scale .33 .02 .23 -
.52 2.52 .02 .27
f3.68Y 8.78 = .0
Tagged Essay Scale Total equation 5.57 .03 .70 -
= Frior Easay
Achievement .50 .36 .03 .25
Constant (3.11) 9.11 = .M
) 7.82 < 01 .79
: .53 2,88 .01
L33 1.8 .09 .10
{.47% 1. .0

ed for the regression equation containing all predictors
fon (p = .10%; t-staclstics are reported for each
Fficiant.

2 The figure reported for the Total equation is RE adjusted for shrinkage. Those
asscelated wvith_each predictor are squared part (or semipartial) correlations.
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Simplified R

TABLE 29

egression Equations for Interpreting Interactions from

Dependent Variahle Predictor (X) Within-group Regression
Equations

Total Objective
Scale

Non=tagged

Objective Ttems
. F

Non—-tagged Essay

Prior Oblective

Achisvement x-Group, —

Total Notes x Group

Prior Ohjecrive
Achievement x Group

Non-tagged Notes x
Group

ICR Apt{tudé % Group

Ef

ﬁ,_ézl;;

Ei

Gi

Ei
Ci

B!
cr

Ei
ci

1]

»

I

14.33 + 47X
=128 148K

14.62 + 01X
9,59 - 48X

6.84 + .25X%
g.79 + .89%

6.95 + .03X
5.32 - .31X

47 + 27X
.47 + .05
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was not beneficial for allj; éﬁlv students in the first four
of the distribution of prior achievement are predicted to benefit
from training.

In the case of the interaction betw een training and students’

during lessons, the within-group regression

a
Total Objective S:giéi In contrast, the more notes that ¢
udents ;Qék, the lower their pfeﬂ cted achievement. Only .
1

udents whose Tatal Notes score was below the

for all but a very few students, t iﬁing n making intended
cognitive responses during instruct was advantageous- regardless
of the extent to ich those students operati lized their

e

&8 in general, av2f3g1hg predicted scores at the

ile of the untfained students' distribution. And, as
before, the same types of interaction effects complicate this simple
comparison. In the case of the interaction of mrior achievement and
ining dec¢reased the extent to whi~h rrior achievement

atme ra
predicted students' learning (see Table 29). uuwever, the crossover

point for these two Withiﬁ*gréup regression equations was much
nearer - the middle of the distribution of Prior Objective -
Achievement, namely, at the 53rd percentile. Thus, students below-

n ce
average "on prior achievement profited from trainin
respect to information tested on the objective sc
tagged by the teacher, it was more beaefi:iaj not

to make cognitive responses to teaching 1if

-y
m
J
™
b
o
o
o/
e
]
L]
i
[
=
i)
<
]
=]
I
o]
re

was above averagei

The interaction of students otes about information- nat tagged

by the teacher’s instructional stimulus and treatment also was
gtatistic

'lrtly‘féiisblé hén the Nanﬂtagged Dbiectlve Items serv d as
e

nt variable (SEE Table ZQ) Tt shﬂwed that trai ,Ed
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least above the 26th percentile. Below that level of notetaking
gbout non-tagged information, trazined students' predicted scores
fell below their untrained peers,

Turning to the interaction of ICR Aptitude and Group identifi
in the analysis of the Non-tdgged Essay Scale, the within-group
regression equations (Table 29) show that ahove-average ICR Aptitude
students profited Ff&m training, but trained students were predicted

to score lower than comparison group students on this achievement

ﬁ§;§ll,if their ICR:Aptdﬁudepnasfbelgw average, -————
Class E i

In this class, there were statistically and practically

signifieant effects of tfalnlng students to réspand :agnltlvely to

instruction on all three of the objective measures of achievement.
Deseriptive statistics are displayed in Table 30. However, there

were no statistically reliable effects of the treatment conditionsa

on any of the essay measures of achievement. In the simplest terms,
training was’dezriﬁentalﬂggm}éafning, decreasing trained students' - __
scores relative to comparison group students to the l4th péggentile

on the Total Dbigﬁtivé S:aié_aﬁd the Naﬂﬁfégged Objective items, and
the 30th percentile on the Tagged Objective Items. However, in each

case, these simple differences are complicated by aptltudEitfeatment
interactions, notetaking-treatment interactions, or both. Table 31
reports the results of the backward selection regression analyses.
| When Ehe Total Dbjective Scale was the measure of achievement,

the Ereat ent manipulation inter acted with students' pfiéf-ebjéztivg
achievement and with the extent to which they took notes about test-
ted information. In the case of priar abiéctive achievement,
the within-group ngfESS$DﬁEEéuétiﬂﬁS:( ee Table 323 intersect at
the iQEh percentile on the scale for this aptitude. Thus, with the
exception of all but a very few trained students wih low prior
objective achievement, predicted a:hlevemgntrwas higher for students
in the control group than for students tfsihéd to make cognitive
féspanses during teaéhinéi ) ‘

The. opposite form interaction was found when students' notes

- was- the interacting variable. However, beéause studenés? in ‘the

campar1snn group scored hlgh r in general, only when trained

students’ Total Notes score exceeded the 92nd percentile was it
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TABLE 30

Mrans, Standard Devistions, and Correlations Among A!) Varisbles in Class E, Study IV
Trained Crmpatisea : 1 4 & ] 7 g ] oS S S & N S
— it T ————ee — — S S e s =y — — - ——

1, £k Aptitude
2. Prior Objective Achievement
3, Prior Eszay Achievement
4, Toral Notes, Ohjective Items
5. Tagged Notes, Objective Items
6. Nap-ragged Notes,
Dhjective Tress
7. Taoral Wotes, Fssay Concepts
B, Tagged Notes, Esssy Concepls
8, Non-tagged Wotes, 134
Essay Conzepts 1

10, Tatal Mbjective Scale 9.8
- .5

kY]

15 07

8%

30

&

13

54

46

il

3

il

3

1

40

65

10

50

kL

33

4t

21

38

38

k|

45

08

18

b1

19

Wl
|

1

0

LE ]
-l

13

82

60

08

4D

2%

&4

36

28

19

&5

4

33

12

08

47

66

10
48

¥ 1

19

1

bi]

1, Tagesl Dhisstivs Trees 4,91 5,93 47 51 43 52
L4 1,64

12, “on-tagged Ohjective ltems L.91 6.57 47 18 59

" 1.6k 2.41 &

13, Tatal Eszay Scale 1,6 .07 9 B
1.01 1,46

14, Tagged Essav Scale 1.00 .17 5
a1 e
15, Non-tagged Essay Seale 1.64 1.9
: 52 1.7

! Upper nuohers are meansi lower numbers are standard deviations.

¢ Decimils are cmitted on correlations,

O
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TABLE 31

Study IV

I
Dependent Variable Prediectars e Fftj =] varigﬁ:gg E
Toral Oblecrive Scale 8,132 < .01 .ED =1,06
= 01 .17
T < .01 .21
Group - oA =01 .26
Prior Objeccive -
Achievement x
Group =.138 -2.32 .03 .09
Total Notes x%
Group .29 1.82 .0a .05
& Conscant {10,861 19.75% =.01 .
. £
Tagged Objective Iteams 5.27 = 01 42 =,53
.55 3.38 =,01 .28
] 2.81 .01 .19
=.3A =2.27 .03 13
.30 1.80 .09 1]
(5.4%) 13.97 =.,01
Non—~tagged Objective Total equatien 6.26 < ,01 .52 =1.08
Items ) Frior Emsay
Achievemsnt .10 1.91 .07 .07
Von=taeged Notes .1 1.98 .06 .08
Group -.50 =3.456 < 01 .06
Prior Obleceive
Achievement x
= Crau =.59 =3.40 <, 01 .23
Nen-tagged Notes
x Group .27 1.78 .09 .06
Constant {5.40% 16. 55 <.01
Total Essay Scale Tatal equatien 11.30 < .01 1 -
Priar Essav
Achfevement .37 7.29 01 12
Prior Objeceive
Achievement .49 3.00 .01 .70
Coanstant - f2.88) B.76 <,01
Tagged Essay Scale Total equation 7.15 M | .20 —
Prior Eszay -
Achievement . .49 2,67 .01 . 24
Constant (1.08) 4,20 2.0
Nen—tagged Easay Scale Tetal equation 22.62 <. 0 47 -
Frior Oblective ’
Achievement .10 4,76 < .01 .50
Canstant (1.80) 11.01 <.

1 F-gtacistics are reported for the'regresnion equation containing all predictors
remaining In the equatien {p <.710): t-atatistics are reported for esch

prediceor's slope coefflelent,

2 The figﬁrg rzported for the Total equation {s Eg adjusted for shrinkage. Those
asgociated wich each prediceor are squared part (or semipartiall correlations.




TABLE 32

Simplifisd Regression Equations for Tnterpreting Interactions from
Anzlyses in Class E, Study IV

[
o
=}

Dependent Variable Pradietor (X} Within-group Regressi
Equations

i

o
v
W
~

. 49%
.49%

Total Objective Prior Ohiective E’
Seale Achievement = Group c’

W

-
Il
o
(o]
+

I
=)
I
b
+

Total Notes x Group F' - .27 . 35X
C' = 12.62 + .09X

Tagged Objective ICR Aptitude x Group . E' = 5,00 + .30
Ttems C' = 6.00 - .30X
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P ]
o
L

I
P
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predicted achievement exceed the comparison group stu idents’

chievement.

w

The simplified regression equations involv ing eithe
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was their score predicted to exceed their average untr
students' non-tagged

S 7
ed the 94th percentii— was their achievement

jes IT and IIT and in earlier work (Winne, 1982b;
979), we showed here thst students cguld be taught to
ute cognitive responses intended by the teacher. Further, the

€ ses studied here show that these
cognitive fegpa nges could be employed, at st in large part, while
the students were working on standard rec £
regular classrooms. This is encou ag1ﬁg, paf;icgiarl
cognitive strategy was soO complex. . However, the contrasts bé,weeg

the total notes scores and the Eehgv‘afal,indicatéf gcores suggests

that the trained students employed the cngnttlve response somewhat

i

nconsistently throughout the .lessons, at other t.mes taking notes

in a manner indicating that the intended cognitive response was mnot
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1 Yotes scores., For the

a
79 percent. Presumably, at

behavioral indiecator, they were using cognitive responses that they

students’' use of the cognitive response and achievement was
inconsistent., While on some achievement scales and in some classes
this relarionship was strong (see Table 17), in other classes and
with different measures of achievement, it was weak. For the
trained students, the relationship was moderately strong (median r =
uge of the éég itive response and achievement on the
objective tests, but not the essay tests (median r = .23). The
opposite was.true for the relationship between notetaking and

achievement for the comparison students (see p. 185 and Table‘173.
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A summary of the various regression analyses performed in data

o
ted in Table 33, Of the three aptitude

aé Vtatlstiéally reliable terms in the analyses. Interestingly

while the measure of prior achievement on the essay test appeared
ur

more frequently in analyses in WhlEh the varicus essay meas

constituted the dependent variable, both the objective and essay

tive_in . cl es
rela;ignghips, however, are moderated by the presence of several
notet klﬁg x ﬁreatmenr interactions, as referred to above.



TABLE 13

i

Swmary of Statistically Relfable Terns frem Backuard Selection Hultiple Regression
Analyses for All Five Classez, Study IV

) wriTme! TNTERACTIONS
Brior _Efi_ai_* = ; - = — T
Object. | Essay |Note- . |Treatmenl |~ ' _
ICR |Achlev, | Achiev.|taking Contraser | 1x5 |2 x5 |3x5 Jexs [Nxbxs5|2x4x5]1 xbx5
(1) (2) {3 ) (5
TOTAL i Bl D> C+ B D A .
ORTECTIVE C+ o+ E+ b+ b ' E .
£rar o+ B+ E- N E

TARGED o+ C+ o+ E+ E= B
ORIECTIVE S E
ITENS i

il

[ ]

T e
"

N =TAGGED I+ . i+ B4 ;18
ORJECTIVE C+ E+ - G+
ITEMS ™ B+ E=

i |
-]
[y B~ - |

TOTAL .
E55AY E+ B+
SCALE

¥

i
[
[y

TAGGED . ’ B+ ¢- A ¢
EESAY . £+
SCALE >+
B+
NON-TACGED| D+ B+ s _ o+ ¢ A A
ESSAY D
SCALE

Sote: Letters Indieare elasses,

The sign Indlcates the slope of the regression-welght. For the trestaent contrast, a positive slope Indicates that che
treatment group mean vas rellably higher than the comparison. group mesn; a negative sign indicates a reliably higher
mean for the comparison group. |, . . ot -

"h-—-l-




The simple treatment contrast proved to be statistically

reliable in four of the five classes for eight different regression
analyses, seven of which iavolved one of the ohjective achievement
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emploved in the study of aptitude-tr

appears to be a lack of reproducibility. For example, in the seven

e
regression equations in which a two-way interaction appeared
iuvolving ICR aptitude, three indicated that high aptitude traine
students and low aptitude comparison students sgﬁfed higher, while

four were of the opposite form.

hese results when the

pu |
lnd

However, some regularity appears i

rzj

‘or the

analys ses are clustered by type of dependent vaf1ablé.
gged O

U“

tive - -

ﬂ\

cbjective measures, only analyses invelving the T

4 I~
]

je
cla

L]
—

for B

m\

as8s

e

Items -included natetaking x treatment interaction

it
untrained peers of| equivilent apti udéﬁ wh{le untrained students
with low aptitude outperformed their trained peers. Of the five

times that notetaking x treatment interactions appeared in
ngfESSiEﬁ equations that had an éssa? measure as the dEﬁendeﬁt
r ] lopes. for the comparis aﬁ
pes for the treatment gtcup. Generally, this
showed that high aptitude comparison group students outsc red high
aptitude Efained‘studénts.! The exception was class D, where the
high aptitude tfsiﬁgd students were superior. -
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The prior achievement measures appeared in eight interaction
terms with the treatment contrast. 1In seven of these regression

s the dependent variable, with

[k

objective scale served

Ly]
W2
=
]
r
[
o ﬂ
j=]
um
]
]

! 1
six invelving the pler objec.ive achievement items. In all of the

equations where an objective scale served as the dependent variable

aﬂ so true of

éﬁgxﬂfést en

“these relations were included for speculative and exploratory
_reasons onlv. But, in accord with the caveat praffefed in chapter
3, we choose not to lend - farther weighﬁ to these effects by

a

rizing them. That they were statistically reliable in l;'he
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individual analyses does not overcome our skepticism about their
meaning. Though this same argument can be carried back to simpler

ea
effects, we have chosen not to emplovy it there bhecause

sembl
point again to the cavea de earlier as sufficient warning about

m
the statistical and the subsequent substantive robustness of the

226
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Conclusions and Implications
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CHAPTER 6
Conclusions and Implications

At the end of each of the previous chapters, we have provided
summaries or conclusions relating to the data presented in those
chapters. Here, we draw together those findings and discuss
conclusions and implications that arise from the project as a
whole. _ ! ;

CONCLUSIONS

Research on teaching through the 1970s was based on a set of

p'éS”ﬁp’Si tions about how teaching events were related to
students' achievement. Along with methodological rules, EHESE

presuppositions constituted the process-product paradigm. One of
these paradigmatic presuppositions underlying process-product
research was that process variables, in the form of teacher
behaviors such as statements of praise or higher=:ggnitivé
questions, directed students' on-the-spot cognitive operations on
the content to be iéafned: Another presupposition was that the
immediate products of these cognitive operations could be measured
later by administering an athievemeﬁt test to students, Thﬁs'
process—product research sought to identify and explain, relations
between process variables operationally def ined as teacher
behaviors and Studéﬁté' achievement as represented by paper and
pencil tests. It is important to note that, while researchers
frequently used language that implied the existence of the
intervening student cognitions relating these phenomena, rarely
was the link between teacher behavior and student cognitiom
explicitly discussed. B
To interpret relations betyeen these two categories of data,
however, several other tacit assumptions had to supplement those
already made. These tacit assumptions included at least the
following: (1) Every Qééﬂffénﬁéjﬁf a uniquely operationally
defined teacher behavior is associated with énly one set of

students' cognitive operations. (2) Every occurrence of any

(%]
%]
=]

o 2386



operationally defined teacher behavior invariably resuits in a
cognitive product that, once students have created it, could be

chievement test. (3) Every student

i

veproduced invariantly on an
in a single classroom or treatment group experiences the same
tionally deFlned as the

ime the teacher

tive Dpéfaﬁlﬂﬁs

necessary to do things such as compute a correlation coefficient
a u

betweaen teacher's use of a ea:her behavior and ;h; class (or
t it in terms

group) mean on a measure of achievement and interpre
t

heory of learning (Gage, 1964) or motivation (see Winne,

ereas the pfct355ip§bduct paradigm e
bou t students cagﬁltive responses to instructional stimuli as
defined a priori by a non-participant in ‘instructicn (i.e., the

about bo
instruction and the cognitive products that Ehese operations
yield. 1In this project, documentation about these phenomena was

O
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i
.development, of content in lessons, we attempted to control the

the cognitive madiational paradigm, this~¥as achieved by
explieitly accomeodating :he fact that student vary in their
E 11 as in their

1arpened process—product methodology

tive

®
o]
B

ning students in
tudents approached
they attained. This

ogni
zed by de term1ﬁ1ng a priori the cognitive

o z
s students would draw on and by providing criteria in the

o
havioral indicators for them to judge their success at

amount of information students processed. Finally, by previously

acquainting students with the exact st

‘ucture and function of

‘"‘M

cognitive responses to chosen iﬁstfugtianalasﬁlmuli, we tried to
govern the immediacy of their cognitive mediations of these
lnstfuctlﬂ al s

second form of accomodation we made to naturalistie

variation in students ognitive mediation of instruction

during instruction. We did not assume that students necessarily
would cognitively mediate instructional stimuli as had been

pfesuﬁed‘a priori in PEGCESS*PdeuEE regsearch., Instead, we
the extent to whiéh‘students act ually used particular
collecting bahavlnfai traces of their
'his measuremerit provided an index upon
t

tion influenced
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m
of the ways that the cognitive mediations being trained could

support students when they reszponded to achievement test items,
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th du'ing instruction and later when

In gauging the qualities of.these accomodations, students
behavioral indicators served as descriptive data for. evaluat

the extent to which the research in Studies T1I = IV accomodated

s
the observations made in Study I. From another perspective, the
t

latter three studies of this project tested rather than assumed

1ifive mediation

provides both logical and methodclogical advantages to cognitive

mediational research on teaching relative to process—product

Iin an effort to enhance or at least address teaching

effectiveness in the project, we designed the cognitive mediation
students were trained to use in Studies II - IV by building om

prior findings from psychelogical research (e;g;, Gagne, 1978) and

teaching. The hypotheses we advanced ohbviously evidgﬁ:ed our
e

"iﬁfatm d commitment" (cf. Dunkin & Biddle, 1974, concerning less

informed commitment) that students-who were trained to carry out

cognitive operations we identified should have learned more.
1

P

#1though this simple relation was partially supported, an

i
ol
=]
r
1]
la
it
[e]
"
s
0
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a
usually was complicated b effects, there was some
evidence that we were able to elevate trained students'

achievement relative ‘to untrained peers. Given the novelty of
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instruction influence learning can be examined by cognitive
mediational research because these cognitive operations are
defined and observed in the immediate environment of teaching
rather than at a later time and indirectly by students' total
scores on achievement tests {Snow, 1968). Practical utility also
may derive from more exacting descriptions regarding what students
can do cognitively when'thev partic¢ipate in instruction, thereby
prescribing how time on task can be filled to promote achievement
(

..eed to solve several problems encountered in or raised by the

.f. Gage, 1978). But research that achieves these gains will

\n

studies reported here.

Problems in Cognitive Mediational Research

In many respects, a major focus of this project has been
methodological. A broad sense of the term methodology is intended

by this statement, meéaning 'the description, the explanation and

" the justification . . . of methods, and not merely the methods

themselves" (Kaplan, 1964, p. 18). But a series of difficulties
or aknesses also characterized the methodology of this
pfgjéaﬁi In this section, we discuss caacerﬁs of this nature in
order to place appropriate bounds on the validlty of the current
Eiﬁdingg and to note issues that future research will have to

address.

a%\ Identifying cognitive mediations. Threats to the validity of

zéﬁff;;ians from Study I have been summarized and debated by

Nisbett and Wilson (1977) and Ericsson and Simon (1980). Our

cs
methcdulcgv fa;ls to meet the stan d rds of validity mentioned in 7

these wcfks, but neither is it so messy as to warrant outright

dismissal (e.g., see PetEjson, Swing, Braverman, & Buss, 1982 for’

one adoption of a nearly identical procedure). It can be

considered as one source of potentially useful and valid .
descriptions of students' cognitive mediations of instruction,
albeit one subject to some difficulties.  Several of these
difficuities‘warrant explieit attention.

Tobias (1932) and Calfee (1981) distinguish microprocesses
and maéfépfétésgésg The former are elementary cognitive
operations. They may be under conscious control, such as

rehearsal iﬁ the Farm of simple repeti:1 on, or they may not be

233 240
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consciously regulated, such as discriminating vertical from anglad

components of letter forms. Macroprocesses, on the other hand,
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£ ion ganize it more compactly and to monitor the
degree to which parts of this organization ke sense is a likely
candidate for an instructionally cued macroprocess.

er
stimulated recall protocols to identify
eagnitive mediations is problematic in several respects. First,

ietacognitively,

not EDSE
TOF

thus are unable to report their occurence. Thifd, to the extent
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time in the lesson, students may be unable
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Two approaches to dealing with these and rel
(Ericsson & Simon, 1980) can be proposed. One is to provide

s
tudents with a brief education so that they can identify and
t

Be

1]
L]

g
/]
]
[x]
o]
=1
B
o
o
o
a]
Q
)
r]
-
B
o
<
o
m
rn
o]
o™
m
H L]

tasks that segment macroprocesses into either

sses that are of interest to

o
=
-
M
H
<)
]
r]
]
o
o
H
v
2]
]
i
i
]
W
[n]
al
a
i
o
H
o
o
~
o
n
m
o

that correspond to cognit rations and cognitive Pradu cts
Br rowrr-&-Burton,;-1978). - Coom TrET
 Of course, a third source that can be drawn on to identify

:ognitive psychology. Tapping this source

(]
Q

e
with some caution, however, since this literature may exhibit some

blems when identifying cognitive mediating operations. One

tion, often given lip service but perhaps too rarely heeded in -
ct

tice, is to consider possible developmental differences in
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indicators. When instruction and students participating in that
instruction are matched to take account of the wait time teachers

attention in future work. Perhaps merely making th

e
automatic response, by considerable practice, will help to insure

partly addressed in Studies II and I1I, but inadequately addressed

in Study 1V, are the links across speci

able in Study IV for two reasons.

workable pfa:edufe by which students trained to provide
1 could log which occurrence of their
ructional stirm UIus tflggered their use of: the

iational strategy. Thus, the link between the first
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reflect the Eagnlﬁlve DpE?atLﬁnS and ﬁDgﬂlELVE pfoducts they are

pair of items in the ideal triplet could not be assessed
accurately for everv student. Second, the generalized intended
cognitive response designed for Study IV was representative of
each classroom's milieu. But achieving this degrce of
representativeness and allowing freedom to the teachers to deliver
all other aspects of instruction in their own way prohibited

making the second link in the ideal triplet. This trade-off

.between internal validity and representativeness (Snow, 1974)

lessens that informativeness of our data about the relations among
items in the ideal triplet. Work’ to improve on our procedures in
the context of classroom Eeszhing is needed.

The last problem with behavioral indicator data is the most-
fundamental, If behavioral indicators of students' cognitive
mediation of instructional stimuli are to be useful, they must

have ccnsf?ggﬁ validity. That is, behavioral indicators must

intended to reflect. 1In Studies II End I1I, the hehavzafal
indicators we designed appraxlmaﬁed the criteria 11322& on pPp-
164-166. But Studv 1V provides an illustration of an experimental
setting where other, more substantial problems can arise with the
behavieral indicator methodology. The first of these derives from

the fact that the behavioral indicator in Study IV was reactive

both to a student's state of prior knowledge and to sequential

events in the classroom. In part, this reactivity reflected the

representativeness of the cognitive mediation that was designed

based on data from the first phase of Study IV. But the trade off

is that not all aspects of the behav al 1ﬂﬂIQEE§T can be C .
interpreted unambiguously. For example, if a student's behavioral

indicator for Stage 1 is incomplete, it may be so because the

nstructional stlmulus was not perceivedy ~prior-knowledge-was

e

ng, or one or two parts of the cognitive mediations (see

Ll
i ]
L

ck
Figure 3) were not performed,

A falgtéﬂ/pfablém arises when behavioral indicators reflect
macraprocesses/ghat are not 1nva:iant? such as having several
branches in a procedure. TIf, for Exsﬁple, a students' partially
correct answer to a teacher's questigﬂ resulted in the teacher

going off on a tangent and never returning to the topic of the
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n
we did not pfavidera means for them to note

deviations from our one path through instructional events.

a
Data analysis. Two problems are associated with the mode?

of statistical analysis that were used in this research. Notable

f students are discarded from a
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procedure that rests partially on the assumption of random

assignment (and retention). Both the interna

These two problems, particu

with research on teaching derived from the pTDEESSEPdeuéﬁ

earch based on the cognitive mediation=zl



Obviously, if this were the case, these students would not be

reacting similarly to the range of teaching eve
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z1obal treatment. 1If the focus of one's theory of teaching

E ness
s1tection, and the like, infect the research characteristic of

5] t
this paradigm ]ust as much as that characteristic of the process—
1

product paradigm. Nonetheless, the advantage of being ab
v i

this approach to research on teaching, these problems were

difficult to forecast prior to experiencing: them. Hencé, the
"subssaﬂt1va weight—of-our--conclusions-is-mnot. 35451gﬂ1flcant_as we ...

had haped, Exploratory programs of research probably should not

be expecteﬂfé@ yield substantive breakthroughs. However, the

pfﬂjecg does have some import ant findin ngs that can help structure

future activities in the Eiéid We tufn to those implications in

the next section.
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associated with research on Eeachlng carried out within the

cognitive mediational paradigm. Obviously, two implications for

o
researchers arising from that section are that those problems

to be articulated more clearly, and that solutions to these

better-framed problems should be sought. 1In Kuhn's (1970) sense,

this work will constitute the puzz1é!5a1ving activities
tific development within a

f
ﬁafadigm. But the features of this project also have other

al than those

c en
‘related to solving the faitiy specific set of problems identi

stimulus was deemed to hava‘only one effect on students' cognitive

fied

mediation gf jmstruction which, in turn, either did or did not

‘have a corresponding effect on how students responded to test

s (1981) recent review of process—product rese

ise
and its untenability (see also Winne, 1982a, for a generalize

argument).
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the perind of time is an episode in a lesson or 2 semester, we

that relations between iﬁstfuctianal stimuli and

tructional stimuli and students' cognitive

cognitive mediations can vary for that one ind1v1dua1. In short,
t

5
mediations are variable over time and context rather than

lish appaftUﬁities for students to pursue co
1 acts (see Scheffler, 19
t

than as causes of singular cognitive operations that st

teaching that links to the first is that c@gﬁitive a
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(1974). We adopt two of Berliner's four categories to describe
these extensions. (The methodological and statistical categories
were treated earlier, so they are excluded here.}

Dependent variables. The content validity of an achievement
test typically has been indicated by the proportion of its items
for which information needed to answer an item was presented
during lessons. The cognitive mediational view will add to this

notion a need to measure the correspondence between cognitive
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atance for defining hvpotheses, the latter is an a posteriori

procedure for defining effects. Tre contrast between these

positions, highlighted in Study I, will help to describe the

ﬂ

~onstruct validity of putative causes (Cook & Campbell, 1979) or
conditions of instructional effectiveness,

A problem with the vast majority of prior experimental
research has been its focus on only one or a very small set of
instructional events that were defined a priori and only in terms
of teacher activities (e.g., Gall, Ward, Berliner, Cohen, Winne,
Elashoff, & Stanton, 1978; for contrasts, see Clark et al., 1979
and Good & Grouws, 1979). The p@ésibi}iﬁy rarely was considered
that other, undefined instructional stimuli surrounding the
treatment variable(s) operationalized in a study also influenced
students' cognitive mediations and achievement, For instance, in
a review of experiments studving the effects of higher cognitivel

uestions on achievement, this incompleteness of operatiomal

Wl

definitions for treatment factors led Winne (1979) to ask, "What
was Fhe treatment?'" The inclusion of behav;nral indicator data in
studies where students respond to any instructional stimuli they
perceive, an extension of the procedure operationalized in our
Study IV, will permit treatments to be characterized both
functionally and more fuily. This also will enlist participants
in the instructional acts of lessons, i;e., all the students, to
serve as observers of ;heifidelitv cf implementation of treatment
conditions.

Summary. Addressing the nroblems uncovered and described by

this project should assist in the pursuit of theories of
teaching. These theories will be interrelated by their use of
students' cognitiens as Ehe'bagis for explaining how teaching and
learning interact to affect achievement. By recasting thé role
attributed to instructiaﬁal stimuli in the instructional process
and by improving methodology for abgérﬁiﬁg students' cognitive
mediations, future research also should be able to formulate
research questions much more precisely than was possible before.

Impllcsticﬂs for Teacher _Educators.

The upsurge of cognitive psychological views of teaching and

learning has the potential to ‘exert a substantial influence on
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both the curriculum of teacher education programs {(see Marx &
Winne, 1981) and on practice

teachers. Aiﬁhcugh it would not be prudent to over—extend the
findings of our studies by immediately proposing strong

prescriptions for teacher education, there are several suggestions

that can be Offéréd_

A major component of teacher education programs focuses on
roviding pre-service teachers with competence to use an array of

P
discrete teacher skills and to orchestrate these into
strategies. This project makes clear the need for pre-service

teachers to learn how to examine the ways that these teaching

by teaching. Conceptually, this parallels the pr§afatian they
may receive in task analysis, i.e., analyz ing the requirements of
tasks by which students demonstrate achievement (Shavelson,

1981). Learning to design behavioral indicators will require pre-

service teachers to give thought to how pﬂpils are 1intended to

cognitively mediate teaching skills and strategie

]
W
"

1
One further impliea tié

n for teacher education arises from
this project. Superv15§rs of pr serv1§e teachers should be able
to provide much more penetrating analyses of teac hing if they,

too, make use of data from behavior=? ‘ndicators of pupils’

wm\

cognitive mediations. uch data atLut teaching will help to
anchor suggestions for improvement, as well as descri

of "instructional rapport' that heretofore has bee
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other implications can be mentioned for teachers.
A review of in-service programs by Joyce and Showers (1981)

showed that teachers are much more able ¢t i

skills and strategies when thev receive support for doing so

i
these authors labels "coaching'"). 1If, while trying out new

—
£
=3
Jin]
(a3

Eeaching methods, teachers ;an4iivalﬁgxchéifyéupils@hyzhav1 gt
be able to be the begt:ﬁagcheshcf all. Thgy will know whether

they are confused, or whether a new procedure clicks for them.

Hence, by taking both explicit and operational account of
students' cognitive mediations af instruction, teachers may be
ahle to obrain the most relevant and timely coaching possible for
practicing new teaching methods

The sacond 1mp]1cat?aﬂ of this project for teachers concerns
remediation and individualization. Explicit consideration of the

d
purposes. One of these is to help the teacher pinpoint

instructional stimuli that students are misinterpreting. By
1

regular teaching with tralnlﬂg procedures like those

ng r
Studies I1 - IV, these difficulties may be lessene

approaches should help the teacher to deal more effectively with
the taﬁgé of individual differences that any group of students

,,,,, ize on cognitive mediational strengths

presents, and to ca apita

1
that might exist in a cla

m\
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