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A deel is proposed for menory that stresses a

distinction between episodic memory for ehcoded. personal experienge

and semantic memory for abstractors and generalizations. Basicall
the model holds that questions influence the nature of memory
represeptations formed during instruction, and that memory . ~
representation controls the way in which stored knowledge can be.

AN

Ky

used. The paper is divided into three major sections. In the ﬁirst
section various proposed typologies of questions are described, to
~identify the dimensions along whcih questions may vary and to '.
.describe both the 'utility and inadequacie$ of current typologies. It
is arqued that an instructionally useful taxonomy must be based upon
consideratdgon of the empirlcal effects of questions, and that
development of such a taxonomy is.a fundamental goal of research on
levels of questions. ¥n the second section the limited research on
levels of questions is reviewed, to integrate .what is known and not
‘known about the effects of asking different types of questions during
‘instruction. Both deficiencies’'in the existing studies and promisipng
;directlons for future research are indicated. The third section
briefly presents the information-processing model of knowledge
acquisition and attempts to relate question-level effects to the
model. (Author/CTU) :
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'The,puneg‘is concerned with the effects of asking students q

v

On'Productch Knowledge and Levels 6F'Quostions
' s 07

-

. | ' A Abstract - .

:stions at
) “ s k , s R . . "’ ' :
different levels of cognitive comnlexity during learning. The first ‘section

o
v

ra
rcvxewcd td\onomnes:of question levelsﬁand p01nted out thelr dcf1g1enc1es as

TCScdrCh tools the second sect10n-rov1ewed research on 1eVe19 of questions.

g *

It was shown tha hlgher level questions can thC faCJlltatlve eFfects on

~

- hoth FCPFOdULt]VC.. d productlve knowlcdge, bhut that the Lond1t10nq under

. which such(Y:enlLtdt bn occurs are not well understood. Thc third section.

< Y,

outlines an Jnformatlon proceselnp model of human Logn1t1on that Lan account

. > o

for quostlon ]cvcl eFFectq and that servas to 1ntegrate prcvxous Tcsearc on

»

question level and 'to’'to provide direction for‘future research in this arda.

o o
\ ’

. ’
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On Productive Knowledge and Levels of Question$

Thomas Andre

Iowa State University

j
Educators clearly believe theitype% of questions teachers ask are
] .
‘important i

The first ser1es‘of lectures on teaching methods offered‘at
- Cambridge devoted considerable attentlod to the. art of exam1n1ng (Fltch
1879) Most tedching method boohs sdnce have dlscussed questlonlng tech-
W‘ g : n1ques (e. g , Burton, 1962 Holley,,1923 Hough et al., 1970 Lancelot
M111er, 1922; Otto, et al.,

-
1960 Ruedlger

1929;

1932 Shlpley, 1972; Thomas 1927).
reacher tralnlng programs dut1fu11y introduce prospect1ve teachers to the

VArletlcs and vagarles of questyon asklng and exhort teachers to ask
questxons that lequlre th1nk1ng

Recent cr1t1cs of Amerlcan Education
have condemned the questlon procedures of the typical teacher (Holt

1964) .,
Despite a century of proletyzing for h;gher 1eve1 uestlons the effects
D B Q

of quéstlons on student learnlng are ﬁot well known.
examinin

: rare. T( ; i
. s ""

me1r1cal'research
“the effects of different types‘of questlons on achievement has béen
y : .

P

~

e cconditions under which questions influence learning and retentlon
remain unexamined and. unspecified.

1

‘ness and operatlonality has been w1de1y accepted

educatlonéj clag

fulfllllng myths.

2

Although var;ous typologles have been
proposed, no general‘taxonomy of questlons that meets criter a of 1nc1u ive-

s i
.
A

\
‘e

Grven thlS state of affairs,
ms. for the goodness of higher-level questlop

. - )

It mlght be argued that current psychologlcal ideas about the gevel or

N\
‘s S \

depth of proce551ng of 1nformatmon (Andefson, 1970 Cra1k § Lockhart 1972T’ /

prov1dc empxrlcal support“for a 1eve1 of qUestlon effect. Clearly researsh
on depth of proce551ng_ha5 shéwn that, w1th1n the types of proce551ng that’
' [N ' O )
have h7en varied, a deeper level of proce551ng P
! "I s "

foduces better retentlon

G
L.
\ .
L. N 4

‘A@/,. -
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/f t10na1 fool that can be - manipulated. by a teacher oT . 1nstruct10nal de51gner in

.status repoyt on what is known about questlons as an 1nstruct10nai tool: It

vare‘the:effects on learning of different levels of que

g o | [u e Y ' s ' T . N ) :
- ' . ]}
However, such research prOV1des at best c1rcum5tant1a1 eV1dence for a 1eve1

y . . /
' .

]
of/ﬁqutlon effect. In all -of the level of proce551ng 11terature,*comparisons‘

o . ° ‘ '
\ 3

have bqen made between very pr1m1t1ve 1evels of processlng and process1ng

o -

. ' ’

informatlon for meanlng. Learnlng in subjects who are asked to rate sen—

\ . v

tences for pronounclablllty Qr 1magery m1ght be compared for example ¢
, . A ¢
general, nhls research hasg found that'the more the 1nformat107 is processed

\ .
for mean]n5 the bhetter 1t is retalned " But the verbal- 1earn1ng memory research
ey : . . 1

has not compdred d1fferent levels of semant1c’proce551ng and 1t is this
s & /‘

1atter comparxson that is centra1 to the 1evels of questions effeCt as vir-

v -

-~

tually all questlons that w0u1d be educat10na11y relevant would 1nvolve some -

precessing of meaning. The educators' be11ef that dlfferent 1evels of quesr
S, N s

tions differentially influence learning is  based on_the belief that processing'

‘more~or-less deeply for meaning will produce dlfferentlal effects on learngng Y

and retentlon ThlS 1atter issue has not been exam1ned in the werbal 1earn1ng—

s

memory research. S L S S
R . . ) v " . - .

The.oyerriding purpose of this paper is to dealtwit"
i ‘ g .

the question: . What
tions asked durirg -

ihstruction? From this perspectlve the questlon is seen as a potential 1nstruo-‘

1 4

- [ .‘ Q .

-

S

~order to produce certain 1earn1ng outcomes. The paper,ls-conceptualized.as a’

; »
hPe

3

“is hoped>that the paper will prov1de an overyrew of current knowledge and a

»

set oF gu1de11nes for future research on the 1nstruct10na1 use of questlons

The papcr is lelded 1nto three maJor sections. ‘In the first sectlon
P .

various proposed;typOIOgies of questions are described. The.purpose is to
. ' - : ‘ . : "
identiFy,the dimensions along which questions may vary and to describe bothk(

-

. 4 I3

the utility and inadequacies of current typologdes "It is argued that an. \

1nstruct&onally useful taxonomy must be based upon con51derat10n of the emp1r1cal

.

o N b

--A'.“’_ ( ‘ ,
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RERTE effectﬁ'of'questions'and that development of such a taxonomy is-a fundamental

’
s .

o “ goal of research On levels of qUeStlons o o ‘ _ ‘ oL,
T L s ' - ' e
v In the second sectlon the 11m1ted research on levels of questtons isy .

: reviewed The 1ntent10ﬁ‘1s to- 1ntegrate what 1s known and not known about Jiw b

“ -

the effects of asklng dlfferent types of questlons durlng 1nstruct10n Both

B » .

o def1c1en01es in tho eX1st1ng stud1es and promlslng d;redtlons for future .
T hv re§barch are 1nd1catbd S o ' " | _ ‘_ L
o ‘ - Finally, the thitd section brlefly presents amw 1nformat10n proce551ng Py -
F . ‘.model of knowledge acqu1s1tlon,and attempts to relate questlon level effects-
N to "the model Ba51cally the model holds that quest1on;.1nf1uence the nature ;

sy

L3

! "

of the memory representatlons formed durlng 1nstruct10n and that the memory
Tt representatlon controls.the way in wh1ch stored knowledge can be used.

5

-

- e | : :
= Somc DeflnLtlons . : . . : > ‘ : Lot
P e S S . f N - ~ - o

. l

As used‘in‘the~present'con%ext, %igue§tlon 1s a d1rect10n to a Learn? .

to examine 1nstruct10na1 mateflal or h1s memory of it and to produce some

e . . . o
_response.~ Undex thls concepfion,.both thc statements, ”Memorlze thls poem
» . : -
a4 - - S
- and- rec1te 1¢ to me from memory and "What is-* the capltal of Iowa?” would
o v ./’f\\ - .
-, .be con51dered questlons .This Conceptlon of questions is necessary because

<;’/Z S d1rect1ve statoments (1mperat1ves) and formal 1nterrogatory sentences refer

-~ S ‘ -

l

N T to equ valent gbénltlve dnd behavioral activities. There is 11tt1e difference,’:s

for example in agklng "Who k111ed Cock Robln?” and sf;an "Memorlze the name

‘ of Cock Robln 5 gqsa551n and te11 me it when I say. Cock Rob1n " The latter

s not a formal question but would be 1nc1uded wit¥din the subject matter of . )
: L L L i ‘ . - e ' ~
w~ this review. The questions considered herein are relatively limited in scope.

Thus. differences between inquiry, discovery, -and expository teaching'a:7

e
considered in this paper Rather the paper 1s concerned with the inst

<

Ctional
effects of asklng students to. make re1at1ve1y short responses 1n the process

1 / e . .

of vau1r1ng¢new_1nformat10nl skllls, and knowledge; ; _ ~ : L

W

- ' v S o ey : g
. 3 . . “ o 'V , . ~
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. . ' . . ’ s te e

" R .. ;Thesterms ‘gognition, cognitive process, fmental process, and. thought :7' ’
o . < ’ . . : ! 4 ) :
process iare used so‘what loosely and synonymously. l‘hey rcfer to the set

’ v

program) that must be performed in order to make‘A/’N-

.

of mental s&eps (i.

.nesgonse. {Thhs'they represent loose terms for the mental gperations a
hmman ¢arries out, in agswering questions, or engaging in oognition“ -
' ' ‘ 4 g . . . ’ - ) .

mﬁy.ﬁr J -!Feyel,of’ageStion refers £3 the nature of ‘cognitive processing required

— -

A .
to answer 4 qubstionw A questlon may ask a lcarner to repeat OT recognize

~ A

e ‘ som 1nformat10n cxactly as 1t was_presented in 1nstruct10n Such a qQuestion °

/ /
) . 4 .
I Y L
is typlcally referred to as ' a knowledge,,factual or verbatim questlon.
. Iactual quostlons Jre be11eved to 1nvolve 1ess complex cognitive processing
- than questlons requ1r1ng more than direct memory (Brlggs G Reed .1943;

e - English; Welborn § &1111an, 1934;,Ausube1, 1963; Anderson, 1972). ’Questions

that require moré than simple direct memory are belieVed to invol e more
L]

. : . complex cOgnitive processing. Descr1b1ng the nature of such more- han memory
. (hlgher level) quest1ons has been d1ff1cu1t, although a var ety of questlon
' : v : ' .
_ ‘classification schemes have been propOsed. oL ' Co R

‘ ] P A . r . T
Lo . : ' CL LA

Taxonomies of Questions

&
3 : ‘—
B T
N - - P |

Substancd QuestionS"

.
-

I . .In pne edrly class1f1cat10n scheme, Brlggs and Reed (1943) and English,

et al (1934) dlstlngu' hed betWeen substance and factual questions. Factual

ered on the basis of one text sentence; substance ques-

questlons could*be a

i
»

tions requ1red a. 1earner to comb1ne 1nformat10n from more than one sentence of
i

he 1nstﬁ\ftlon. JWhlle*this SChéme had the advantage of objettivity,‘in prac-

ice 1% falled to, d19cr1m1nate hlgh and low 1eve1 questions. Given the text, -

N

'The ball is red The ba11 is round Thé questlon ”What'is redrand round?"
ould bc Cldﬁblfﬁed as substance even though it. 1ntu1t1ve1y seems fairly factud]
The problem with' Brxggs_and Reed's and English et-al's scheme is that separate
" nomrnal sentences may be comb1ned into one’ underlylnglpropos1t10n when they

. 5 , (, . C
e 1 T e
B , : S o —_ g

Aruitoxt provided by Eic:



are read.. K1ntsch (1974) and Greeno and Noreen (1974) hdve presented ' T

3 /CVldenCC that mature readers normally combine sentences thlS way. .

< Meaningful Questions : ) - : ‘ L i.k : 4 ’
. 3 K : . - : 3 )

oy Ausubel (1963, 1968) distinguished betweeh rqte and meaningful learnini}

. Rote learning involved memorization of material in a Verbatim form. No attempt - -

was made to relate the new information'to previous eXperiences. : Meaningful -

dAlearning involved non-arbitrarily relating tO—beelearnedAinformafion to
/ previous knowledge.  Knowledge was contained in a hierarchically organized

, ,'cognitive itructure; néw,knowledgeuwds meaningfully‘learned'when its place

. in the cognltlve structure was determlned and.it was subsumed into.the struc—~

‘ i

v ture. UnfOrtund%ely, Ausubel falled to provide obJectlve gu1de11nes for the

gegeration of meaningful or rote questions. In fact, in much of his research
. . .

" on supposedly meaningfu1 learning, the questions used seem to haVe'been pri- .

ty
- _Ausubel, tager & Gaite, 1968; 1969) .

.

Taxonomy of Educational Objectivies: Cognitive Domain

. 2 X,
A variety of more complex classification schemes have been proﬁosed. The

best known is probably the Taxonomy of Lducatlonal leectlves gbogﬁitive

\ Domain, developed by Bloom and hlS associates (Bloom, Engelhart, Furst H111

and Krathwohl, 1956). ‘This TaXOnOmy‘Hescribed six general classes of behavior’

4

£ - | that might resul't from instruction.” The six classes were:
'KPQW1C ge ' This class esentially involved repetition of information in

the form it\was .presented. This kind of behavior is called for in what I have

labeled factual questjions. |
’ ~
’ Comprehcnsion: This class essentially involved recognition or‘féoduction

R

of some paraphrase of material presented in instruction. .
. J
Application:  This class involved use of presented information in some
new situation. It could include recognizing new examples of a concept or

, {
’

using a principle’in a problem solving situation. A
O BN . . “y . ? .’

EMC L . A g C : ‘ v . e

Aruitoxt provided by Eic:
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ﬁnalysis\‘ Behaviors in this class involve taking'a'giVen Situation'and C.

v .
ne

dOCOmposlng that sltuatlon 1nto 1ts component parts and their relatlonshlps.

1) el

T ’1°a11Y this involves u51ng some previously taught. scheme to decompose the

RN

i R '

whole., Tor example, the student ma,y "be told to analyze a short story He.

s

\
would produce descr1pt10ns of the main characters, minoy characters, plot

-
.
-

theme, dnd. 11terary style. o i ' , p

. . . ' ] ' © ., . . ] B
Synthesis: Behaviors in this .class involve P#Odhétion of some product

-

* . given @ppropriate elements.. Writing a‘'short storn'mightibe an example. S

. N ) ! . . ) P
. i - : . B R ~ R ) LN ) « .- ‘- . 4/
. . of information, concepts, ideas, reldtive to some goal or purpose. .
. - ' . . . P P . - 4 X )

- Evaluation: ‘This,category of behavior involves judghehts about the value—‘r;///

. Stated in such general terms, the classes may not seem particularly use-
' 4 . e N ' . . ) T .
fUI;\£?OWeVer, Bloom gt_gl_lﬂentlfled subclasses W1th1n each general class . \

fand]gave €Xamples Of edach tYPe of behavior. ~The. Compreh‘551on class, for

’"“*“"—_“‘uﬂexampfe‘ was**dnnded—mto “*tr:rnslartlon of” pr ""é'd’ at—eri—l ye?pretdﬁon R

of presented materlal, and eXtrap01at10n from presented material. However,

~

there Was no empirical verlflcatlon of tthijgcgorles and no attempt to demon—

. stI‘ate that the cognitive processes presumed to operate at each level were

- a

pSY$h°1°$1Cally as well as logically distinct. o

* ' o . : . -

" The taxonomic levels were assumed to be hierarchiéal; COgnitions at the ”‘r.

higher -levels, presupposed the ability to carry out lower level cognitions; Oneilil

.
-

gould not comprehend spec1f1c content unless one kfiew 1t etc.

The levels of

, the taxonomy varied ‘only along a d1menSion of complex1ty.‘ HOWever -Madaus
. ' . < - ,
Woods, and Nuttall (1973) examined the hjierarchical nature of the Taxonomy and  *

o . "~ ° R <

T concluded that the hierarchical structure was questionable and that'$erformancé

P
=

on each of the levels strongly Teflected"genéral ability,

. - .
-~ . Despite their detalled elaboration and wide use, the: Bloom et al Taxonomy, '

v

Sy

. and,others based on 1t are not satisfactory c1a551f1cat10n schemes.- One

° ]

v o <« \

' problem is that the dlstlnctlon between the categorles tends to become

— . - .

. ‘ ; , ’ ) » ,. |
ERIC . o0 - .
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blurred in p

. “» “ 4
’

racticer Con51der the fbllowlng a stud t is glven a ver‘al
DETI N

r,descrlptlon in wh1ch a cat is. glven a food pellet every fOurth time the cat' EN

1S

Al

~N

1

Q

ERIC

Aruitoxt provided by Eic:

presses a le

Qf relnforce

! PR

mlght be cl4

I‘CCO{,nl ze'an.

prpsented to

at the knowl

re1dt1onsh1p

but many. us%is of the Taxonomy have not. More 5er10usly, assumlng an unfaml—_

Ilar example

ana1y51s lev

re1nforcemen

- v

ver. He.is asked a mu1t1p1e choice questloh about the schedule

ment. The correct’ .answer 1s fixed: ratlo schedule. lhlS questlon
,; 3 < . -.
551f1ed at the app11cat10n 1eve1 as it is asklng the student to

example of a preSented concept. However 1f the example was

° .

the studsnt during” 1nstruct10n, theﬂ the quest10n~1s factual or

. }

edge,level.ln the Taxonomy. ‘Biloom’ et al (1956) recognized thls,

-~

bd@ween the 1eve1 of a question and the 1nstruct1on materlal .

, the qpestlons above could also conce1vab1y be c1asSlf1ed at the

el. Is not the student asked to 1dent1fy the elements of the

>

t sltuatlon aJd the1r relatlonshlps to determ1ne the nature of

.

am;,vrelnforcement? ;Manywquesttons_soedefy,un4quevclassxficatidnuwithin»thewlfiv-v——r%%

L.

)

&,

Taxonomy.

The bas

-assigning qu

" objective.

)

-judgment ;aQi there is 11tt1e eV1dence on, the re11ab111ty of such Judgments

-

. f . ] - ~ B . . ,
LI

ic problem with Taﬁgnomy—like schémes is‘that the proceduresgfor‘
' y T o 1 Lo

estions to‘aulevel are not sufficiently detailed ‘tp be entirely

' ¢

A551gnment of a quest;on to a level very aften requ1res a profe551ona1

v

!

EV1dence from c1assroom observatlon stud1es sug§65ts that 1nterJudge relia-

b111t1es ten

have examine
actUally as
Slnce teache

bc represent

qucntc of thi

ln wrltlng q

ndmpruous

'teachers ) e

e

d’ to be moderate (Dunkin G Blddle, 1974), .However, such Studies R
.only the re11ability of“classification of questions that teachersf

s not the c1a551f1cat10n reliablllty of a11 p0551b1e qUestlons,

s .
» ER ’ s .

rs' .questions are predomlnately factual the re11ab111t1es may ‘not

atlve for c1a951f1cat10ns of h1gher level questlons. ‘One se-

is lack of deta11ed rules for a551gn1ng questions 1is the di ’iculty '

uestlons to’ match 2 part1cular level. No operatlonal that

’.

and mechan1ca1 rules ex1st that would aIlow researchers (ana

l 4 8 ‘.

o ‘write’ questlons for a glven 1eve1.\

1



" . . . 2, .- . . ) . '. ",-' /
B 3 . . . .
- L. . . . . . "
P A ‘ .

. o o '
Structure of lntqllect S
s , .

. s \ N P
a*g?f » The problem of cla551fy1ng questlons is equivalent to the general problem
1y . | .

> . of la551fy1ng cdgn1t1ve behav1or Any taxonomy of COgnltlon can be used to

Y
’ '

'cla551fy quOStlonS One ;nf l,ﬁtlal taxonomy of eOgnltlve behav1ors is des-

cr1bed by Gullford’s Structure of Intellect model (1966, 1967). Guilford's ..
" v .

. model differs from t*/’Bloom Taxonomy 1n.tw‘EmaJor respects, : First the SOI

//r

- model POStukates/:dat cognltlons differ in three dimensions (contents, pro-

\, ducts and operatlons) 1nstead of the 51ngle dimension J%(complexity

Setondly, even though logically der1ved the model enJoys some emp1r1cal support
from the factor analyt1c studies of Gu1lford and others (Gullfor\\ 1567)

‘//, Accordlng fo the model an 1nte11ectual act1v1ty or cognltlon can -be carrled

f
J”ut on oné: of four contents flgural (1ma§1nal spatlal), syﬂﬂhc, ’uc

[)
P/¢or behavioral . The act1V1ty can involve one of five tYDeS of Operﬂtloﬂs (OT
. : Q :

. - L
and evaluatlon, and can result in one of six types of end‘products units,

BT . . .
classes, relatlonsr systems, transformatlons and 1mp11catlons The resultant C

'three dlménsaonal array y1elds 120 hypothe51zed mental ab111t1es. "Since the } gF"”
LI ~ s ‘p s -

bullford model is well known, its further elaboratlon 1s not necessary here.
From the present perspectave the value of the SOI model*1s that one could pre- .- -
"',sumably write questlons that would engége a given mental dblllty Thus,.the s

<3model could scrve as a questlon taxonomy .
: s »
- Aschner and Gallagher (Aschner, et al 196%} Fﬁllagher, 1965) attempted y

to deVelop a tla551f1cat10n system based .on Gu1i§ord's model and to use it to

‘; study teacher s 1n—c1ass quest1ons Gallagher 965) reported con51derable

e | d1ff1culty in class1fy1ng quest1ons re11ably w1th1n tht categories and

Dunkln and Blddle (1974) characterlzed qhe rellablllty of quest1on classifi-~_ :"

N
.

© ..+ .+~ .cation 1nstruments based on Gullfordfs scheme as weaker than those based on

Bloom S. One practlcal d1ff1culty may be that questlons typlcally asked by
'tedchers call 1nto play several mental operatlons and dblfltles If so, R

o o o ' o - ~
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unlqge classxf1cgt3n1of quostlons 1nto one of ﬂu:lZO c&tegories would be'

- T ‘ 1mp0551hle 1hus, l1ke the Bloom Taxonomy no scheme baSed on Gu1lford'

i .

S model unamblpuousiy maps quest1ons to categorles e

~

L
#

Conditions of Learn1ng PyRoIogy o R con N o ‘ S

) .\fx‘

Gagne S h1erarchy of types of learn1ng (Gagne, 1970) has relevance for'
the problem of class1fy1ng quesbaohs l/ﬁﬂgne s scheme d15t1ngu1shed between
clght types of learn1ng s1gnal learning,’ st1mulus rEsponse learnlng, cha1n1ng

verbal assoc1atlon, d1scr1m1nat1on learning, concept learnlng, pr1nC1ple

. learning, and problep- solv1ng These types of" learn1ng dlffer in the conditlons

qnecessary.for them to occur. _Such cond1t10ns were 1dent1f1ed by exam1n1ng ‘the

r} .o

experlmental parad1gms in wh1ch the varlous types of learnlng had been stud1ed
Since hagnc's scAeMe is well known it w1li not‘ be descr1bed in greater deta1l

, : . e o
here. o S o K ,

R ! N
, P .
)

- Hypothetlcally, it wpuld be poss1ble to wr1te quest1ons to assess d1ffer~v.

e N '

e r——t

J ent types of}learning Clearly, 1t would be posslble to wTIEE\5¥qUEStI0n—tOv~g\‘ﬂ*ﬁ‘

.

assess a learner s ab111t§rto make a- dlscr1m1nat1on or to recogn1ze a néw

(1nstanpe of a concept Thus, a,questlon taxonomy-scheme based on Gagne s
4 . . X = ‘ . LY .

modeLonuld have certain advantages The’factvthat levels in Gagnels model

. ‘

;' are deflned in terms of the env1ronmcntal conditions of learnlng mlght be

helpful in dcveloplng obJect1ve criteria in- class1fy1ng questions. In“addition,
- it would be'poss1ble to relate 1nstruct1onal questlons to ghe expected ode

comes of tho 1nstruct10nal system, since the Gagne‘model presumably encompasses

-

/. . _the universe of cogn}tlve 1nstruct1onal outcomes . x Some dlsadvantages of the
' . .. . .
. Gagne model are that some types of: questlons that do not read11y f1t w1th1n the_*

BT NI I

model e;g;, questlons Bloom would call evaluatlve for d&ample.,ﬁAlso it does

i L M
N . .

>
AlthOuph the author is ‘Unaware of any claSS1f1cat10n scheme that makes

’

Suse: of hagne s full. model, a classlf1catlon scheme proposed by Anderson (1972)

.0 nttempts to Openat1onallze at/}east two of bagnc s categorles, Anderson_(4972)
I s .
O KE N v

B

o
, ¥
,t._,". . ; o B

o

. not scem pOssrblq to write questlons for the slmplest levels in- Gagne s h1erarchy,\

A
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d-'.. o . . - . . "
'1scussed the problems of measuring student comprechension and presented a
. _ N ° . oo ,

, . T, .. . . ‘- ‘
‘\posprble c1a551f1cat;on SCheme o§~items'used to. assess Comprehension.

Anderson argued that-ghe flrst faotbr ‘to be con51dered in determ1n1ng Jthe

, . -

T4 ?a . x
. . lasSLflcatlgn of questlons was the relatlonshlp\Petween the questlon and the
- r v Ve R \ A .
v PreSbntéﬂ 1nstructlona1 mateg}al Questlons could be’ presented ingeither
< » A ' % AR > 2

- nhe same 1ex1ca1 form as in the or1g1na1 instructlon (verbatlm questions) .

i '"- _OF o oa :;zngcd lcx1cal\€o:m (paraphrased questions). Andenson argued that
a8 L verbatlm quevtgoct LOUld.Often be answered «without the student understandlng
. ' thc_matejiur,’ \Crbifkm quéstxons correspond‘q@\vhat 1 have oalledftactual

¥ f\_ QUCﬁtlons and w601d COTT;%pond ta\Cagne erbal assog&at1on learn?ng Para-,

3

. L Phrasedwquestlons involved changlﬁg the Lonéﬁ ELygrds of the instruction’ in ,

, AN
X

. ) .
P presEntlnL the questlon Bormuth (1070) made :| similar‘distinction, Anderson

- ..54 clearly rCCOganCd th&l the velbatlm paraphrased dlst1nCtlon formed a continuum,
b : N .

’ ] Vg IR ~‘ .
. any plven questlon has near and distant paraphrases: Anderson argued, however, -
y - o, g

__ﬁ_ P . Lhat d’corvat answer to any paraphraSed quéstlon ensures that “the” student has

. . . - £ - )

. l’rqt:sssgd ‘the mezming ofsthe bresented 'i\nformati'on. ; In Anderson's words,

. - : = ¢ )

«

Y . dnswérlng a plraphrased questron presupposes '"'semantic encoding:"
. - s -
) - “nnderson further argued\pha;\fgpaeoncepts and principles it was possible »

n

, w.o Lo write application questionsf Such applitation questions“QCQU1red the stu-
. . . - - ~ ., . N
. ~ «dent to,recognize unfamllld; new &xamples oi LOHCCptS or to use thc principle -
. - ! . LY
- ! é N L
. to solve un/unfnmlllur prohlem, Only iF a student could answer Sucﬁgﬂﬂﬁixibns

¥
o LOUld he be s®id to undorstdnd thc conccpt or prlneiple (Andérson), - 197

Q,A"dCTSOH b Fﬂu%t, 1973, Chup, 10), Qggne (1970) presents similar ayrguments.

. _ Within its gimifed wniverse of applicability, Anderson's classificntiontq/f

sc¢henme seems to provide in objective means of catcgorﬁiing qUCSthHS. It is
% - o ‘ -
. certainly pouu:hlc to oh;egtxvely detcrmlne whothc content words are rvpeutcd
> ¥ e N \ . . T .
Ve -

both in instruction dnd 1n qucstldnf. hlmilurly, it is possible to tell if

St . ) . b ) (‘ - . ' B
an ¢xample or problem used in an upplncatlon question was also used in the
. ' ’ 1 > - .
matruct fonal materials.,  Estimates of the closeness of instructional and

Q . . o | : . -
ERIC * ° - . Lo | e T
&
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test-item examples can be emp1r1ca11y determlned (e. g-» Anderson, 1973)¢

‘

This makes Anderson's scheme very useful for many. research purposes. The ‘
- : maJor fauylt of Anderson s scheme is that it does not encompass many of the ¢

,seemhngly wide varieties of questlons Questions at Bloom s et\al-analytlcal
5 LN T
'synthetic, or evaluative levels arf/n:t included, for example. Certainly or -

. these levels appear to represent important behaviors that might result from

cinstruction. ~ In fairness, it should be noted that Anderson's scheme. was"

developed in thgfXontext of a paper describing means for assessing comprehénsion
of concepts and principles, not as a universal scheme for representing,instr-uc—~
tional geals or questipons. Its lak of breadth doe$ not obscure its valuable

Lo . S ¢
contribution. .

\ _ Towards an Alequate Taxonomy

This brief overview of question classification schemes should make it

s

suffitiently clear that students can be asked to do a bewildering variety

of things with instructional materials. This wide variety makes it difficult

to agree on any particular organization scheme or taxonomy. Thus, while a

wide variety of question taxonomies have bheen proposed’,all seem to suffer 1

deficiencies of either objectivity or breadth. As will be seen in the next

section, this diversiry of'taxonomics hns led to little continuity betweenc
various empirical studies of question level. -

“In general, question taxonomies have been developed on a }ogical a priori
basis. The taxonomist has postulated one or more dimensions along which ques-

*

b . .
tions vary and then attempted to develop descriptive categories within those
dimensions. Djffercnt taxonomists have emphasized different dimensions and
thereby produced different taxonomies. . Such taxonomies have been characterized
, ,

by the use of subjective judgment in the classitication of questions and have

5
DI
bl .

typically in practice heen at best moderately reliablg mcans for classifying
’ t

questions (bunkin & Biddle, 1974).

o o o 1.
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-~

might be to attempt to identify as many possible dimensions.along thcﬁ_

: 1z

° . N .

Until some degree of uniformity and agreement is reachéd on a taxonomy
of questiong;.fesearch on the instructional effects of questions will remain
fragmented, The developmefit of an agreed upon taxonomy is extremely impor-

tant -and has impact beyond the mere description of questions. Am adequate'
o .

taxonomy of questions would also serve as a taxonomy of learning outcorles - ~

and would provide a mechanism for assessing various outcomes of instruction. \
. . m ,

-

One alternative approach to developing a useful taxonomy of questions

~
]

. ) € ... e ’ .
questions may vary and then to use empirical methods to form categories or

clusters of questions. The current overview of question taxonomies suggests

v P

" a number of sugf dimensions: complexity of processing;® nature of.product; o

operation, or cortent; type of learniﬁg involved; and, perhaps, subject matter.
A set of questions differing along such dimensions could be developed and

numérical taxonomy and gluifering methods used to form ‘groups of questions.

= v

Such groups could then be used to determine if'they in' fact produce varying

instructional outcomes. That is, the instructional reality of the taxonomic

4 . i .
divisions, could be assessed.” Obviously this suggestion envisions a long-term .

program of parametric reéearch on‘questions. Such a program would be both
expensiye&%gfﬁarry out and frodght wifh(bractical problems. ﬁoyever, until
such £;§35?%h is available, an adequaté question taxonomy and an adequate
dCSCﬁiption of instructional outcomes {s not possible. |

Whut‘yould an adequate taxonomy SE questions consisi gf and provide?
Such a taxonomy would have three major features. First, it would provide for
tpo relatively objective classification of questions and wQuld provide an -
objective mbchunigm by which 4ucstions of various Lypcs could hc'c&nstructcd.
By.”ohjcctivc” is meant that the procedures for classifying questions woufd
be as mechanical as possible and would iﬁvolvgiu minimum ot judgment. Ideélly
the procedure tor classifying questions (or constructing questionsj could ‘be

“ o

»

computerized. In the absence ot such automation, the interjudge reliabilities

1o :

N s
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for the classification of qﬂestioﬁsshouldbe very high. Inherent in_this

characteristic is the necessity for the taxonomyﬂas a whole to be inclusive,

. while the, 1nd1v1dua1 categorles should bg mutually éxclus;ve s Any g1ven .

v

instructional by relevant questlon should be uniquely categorxzé% w1tﬁﬁn thev

system. C1ven the amb1gu1t1es and complex1t1es of Engllsh it may be.that
soﬁe queégions wquld need to be decomposed into subquestions ;hich could be
uniquel;ﬂclassifieg er thé%ﬁcontext must be ueed'as a clue to the nature of ,
the questions./ﬁideaily;i;he procedures for decomposing questions or for
utilizing cdhféxt would also be mechanical.‘ a3 ‘ "

v o \

Secondly, 1n an adequate taxonomy the. categorles of questions would be @

’

shown to hdve psychoLsglcal and 1nstruct10na1 va11d1ty "Empirical ‘evidence

~would be avallable that.the psychologlcal processes involved ‘in anSWering'the

_-questions and/or’ the instructional outcomes of asking the question during

learning would differ‘f}om other categories of questions. Unless some psycho-

i . ~
v

-logical or instructional difference between categories can be ‘observed, classi-

. s 4 . \ N
fication of questions into different categories is meaningless. One conse-

quence of classifying questions by théir effects would be that the taxonomy
would be instructionally useful. Such a taxonomy would indicate” what sorts

of instructional outcomes might occur if various types of questions were used

,

during instruction. The taxonomy should indicate the probable instructional

consequences -of asking varying types of questions during instruction.

ﬁinally, an adequate taxonomy would indicaie hQQ questioné relate'te
other instructionally relevant‘variablés. Such ether‘varidbles might include
individual difference variables such as age, cogqitive style, inte}ligence,
etc.; and instructionally manipplable variables such as feedback, pacing,
reinforcement, media, etc. As will be indicated in the subsequent section,

3

there is evidence that the effect of questions are modified by such variables.

Lo
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Currently available taxonomies fal} far short of this descr1pt1on of

9 . - 3
[

an adequate taxonomy Taxonomies such- as Bloom‘s Guilford's and their/deria- -«

‘u" 2"

tives are gest xegarded as heuristic in value. They remain sources of 1deas

for ways in which buestions may vary and a starting point for research on —

AN o st
° .: o

"-question taxonomies and the effects of questions on learning. The subsequent’
section describes currently available research on the e??%tts of'questions. -

The majority of such research has uséd the taxonomies described above as the

) ‘

starting p01nt of the 1nvest1gat10ns e - : v . .
! ) . . . o ¢ |

¢ S, -

Empirical Studies of Question Level . - T

L N N e . R
Questions may be used’/ in at least four different situations to guide .
N I

student learning. In one situation questions are used in classroom recita-
- tion or discossion.‘ A second use involmes qoestions inserted in text or
’ . 4 : . \
other instructional media. A third use, in.some~ways similar to the second,
. ) L .
involves the questions used on examainations. Finally a fourth 51tuat10n

involves questions students ask of themseIVes while studying.
The literature on oral recitation questions has received a number of
excellent reviews recently (Gall, 1970; Dunkin § Biddle, 1974; Rosenschine,

Note g} . In general these reviews have concluded that the degree to which

tcachers use higher-level questions has little demonstrated relationship to

Y

student achxcvcmcnt While this conclu51on is discouraging to those who
believe in efficacy of higher-level questions, its impact is tempered by
methodologlcal and conceptual problems which. beset such observational

resecarch. -One serious problem is that, as noted above, the reliabilities

-

wrth which teacher's questions can be classified are at best moderate

~ (Lunkin & Biddle, 1974, Chap. 8). A second problem is that teacher's oral

]
3

‘ " questions are typically answered by only one student at a time. Anderson’
. . X »

. ' and Faust (1973, Lhap 6) have argued that a requirement for a student to
N ! ) '

make a response will not have an instructional effoct unless the student

. - .
o ' o l '

ERIC . .
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. actually make%,a'response. To the extent .this genéralizationiis valid, a : lf <
question in an oral recjtation situation provides benefit to only -one pupil : '

(pgrhaps with some additional benefit to those students who respond covertly).
o o . o B o -T
A related problem is that the classroom research has not typically sepa

€ the effects of questions on the acquisition of material covered ' in

~

tiong and materiai‘potféoveged by qué?tioﬁs.n As the reséarch b%io o
I," . indicate, the effect of higher-level questiong seems to be spécific'to‘t it
. o & Tooa : N .
concepfs,'principleé q%\idéas covered .by "the questions.: , -; ° .
‘ These broblems léad mé“to’qOQCiGd;JJQgi obigrvational reseafgh-on
. teachers }n class quegtions.is hof¥a9"appfopriaée vehicle fér systemaéically - ?

.- ' -
examining the effects
- . ! o . ‘. ‘-
- this reason, and also because of the quality-9f the recent reviews, this’

. . . . o, . .- Q‘("\
of higher-level questions on tudent learning. ¢ For

l

€

« LN

mg P . line of research is nqt*COnsideredeurther here.

Al'so not discussed is reséarch on the effect of student generated
questions or examination qUestions&"Th4§é areas are.exc}uded because redearch

N

‘is not,avaiiable, although Frase and(Schwaftz”(197S)'have initiated some

‘o

interesting research on student ggnératédlguestibns.

" The present paper focuses dn‘exgefimehtalfsfudies which use the adjunct
queStions technique-bopularized by Rothkopf (1966): The‘édﬁunct questioﬁg
technidue involves placing questidns‘either in, Before, or‘immediately after
prose passages and asking std&énts to answer suéh que.%ions while studying

the passage. Later students are given a posttest which may repeat the adjunct: ‘

, J : - . _ -
/ : questions and may also include new questjons. When tlfe adjunct questions are
. . : - “ .
. interspersed in the text, they are often called insertled questions;, [ will

adopt that usage here. No special term has evolved fo} adjunct questions

massed either before or after a passage. Rotﬁkopf was' 1 the first to use

‘ dedﬁct questions, but most contemporary research on questions derives from
his' 1963 ana 1966 papers. Earlier work by>Germane (1920), Distad (1p27), ’
.Wushbourni.(IQZD) and Holmes (1931) Aid not generate sustained interest and

,El{fC‘ E ' 1
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in fact<fecame generally known only after ?uf}enf interest in’RothkepiLs»
d

work ha

‘bloomed . . , ) R

N

_ A . "
Rothkopf's seminal studies\have'engendefEd a large number of experiments

edeining adjunct questions. Anderson and Biddle (1975) provide an excellent

feview’of this genera1 literature. A less detailed review is, prOV1ded in |
. oo 4 X :

Faw and Waller (1976). Relat1vely few of the adJunct quest1ons ‘studies have

“~

.. * . . . .
4 .+ examined question 1eva1;41t is, those studles that are reviewed here.‘ In,the

. w0 .
R . .. .,
\ IR

typical Jtudy exam1n1ng questlon level, students are aSkedf%o read ‘a passage

v 5
°
v A}

and to answer one or more,quest1ons ‘about the: pﬁssage ‘while studyvng it.

SubJects in dlfferent groups are\glven questlons at dlfferent cogn1t1ve

3 b
. 2 N s

levels, the -levels being defined and chosen by the‘experimenter.' After

- ' R . . . e . <
~, . v . !

.. ) : . ; Y
4:;7(y' subjects complete the passage they -are given a posttest on the passage. 1In

f . various. studies this posttest has.confqined items asking for factual recall,
N ol : i . ‘ ' »
items asking for higher-level proceésing, or both. Comparison-of performance

N ™ - ? +8 g P \
- . . - . . . . ‘

/ )

> ' . on the posttest has been the variable.of main interest in this-‘res¢arch.

Research uslng the adJunct quest1ons technlque to examlne q

~

effects can be divided into two classes on the ba51s of the type

¢stion level
f posttest.
employed. About half the studies employed a posttest -that asked

" factual or verbatim recall of the passage. The remaining studies emp

4 -

a posttest that contained higher-level questions. It is argued below that

[

~the first class of study can only yield'results that are of best minor interest
. ) ' “

to instructional theory. ﬂMereover,‘it,seems likely that different psychologi-
. . oo .

~ .

wib
%

‘cal mechanisms arc needed to cxplain question level cffects in the two types

s

of siydies. For thesc reasons the two classes of studies are discussed
‘ o

separately .

" ~

Studies Using Factual Recall Tests a : -

' ' In an early study Rothkopf and Bisbiscos (1967) varied the n&ture of the

-
/

\ . . . . .
content material required to answer questions. While not directly concerned

| " | . .
ERIC | | L
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cwith the effecfs of duestion level, the study was interesting because it ..

i
demonstrated thataquestlons could 1nf1uence how the students processed the

t

.mater1a1§ Some sprects recq{ﬁedhguestlons that requlred proper names oT

-, o

nquers as answers; Other subjects received questions thég required either
vommon words or technical térhs as answqrs; a th;rd<gnd fourth group of ..
' Lo . T ' :
subjects received ®ither all types ©of questions or no questions respectively, <’

-

All&groupé took a posgte;t'contgiqiné all“ngStioh‘types after reading.. The

. . . R [ . .
subjects ‘given proper name and ,number questions did well on that class of
y. . . ‘ 3 3 ] . '.l . ) ,
material on the posttest, . but p0@¥§y‘on othér;matqrial. --Subjects ‘who received

. .o . b . . A‘l . .‘ » ’
commort and technical word“adjunct que?tions, or mixed adjunct questions,

" : v

N

~did well on all types of posttest qUestlons Rothkobf and Biébiscos'attributed

their flndlngs to the 1nf1uen¢e of the questions on the - student's attentlon
A

- to the materjal. SUbJeC€S who reCelved name and number adjunct questions could

limit their attention to materlal of that type. SubJects who received mlxé;

-

questlon types had to attent to all types of materlal in the passage, slnce

* common word questions is a broadly defined class.

Frase (1968).demonstrated a similar effect of questions on attention.

. ” . -
Frasec varied the sp9ciFicity of the questjons. Consider the following takerny

v

from Wattg” (1973) .4

John is a painter and is 25 years\old. ‘Bill i§ a carpenter
—éﬁd is 64 years old. Sam is a‘mechanic and is 30 years old. Ed
is a writer and is 70 years old.
The question ''How old is.John?" is more spééific than "Hdw old were the

men in the story?" Comparing .,specific to more general questions, Frase found ‘\

.
’

that the broader’ questions led to poorer posttest performance; a result
seemingly at odds with the Rothkopf and Bisbiscos findings. Watts (1973)
resolved the apparent paradox by demonstrating that Fras§§§ broader questions

did not require the student to attend to the associative relationships that

a, L ,




5 ! N - Faal ' . . ’ ' N
old for his' job?"" Such a question dlearly Seems highe? level sihce it

‘study'does not allow us to properly assess the effects of these higher level-

.o ’ . ) ’ - . A
Lo ' : ) | 18 ,
- . ST . _ ) , (

. . . .
— » ¢ -

were testeéd on -the posttest. On the posttest, Frase sted questions like
"qu old was John? How qld was Sam?" Sybjects given the broadeq posttest
quest1ons d1d not haVe to relate names to ages dur1ng le?rnlng and thus '

d1d poorly on the posttest. When Wath (1973) .gave f1fth graders broad .

quest1ons that forced them to attend to posttest relevant relat1onsh1ps, -

-

ach1evement was greater than.1n-a'group g1ven<51mple1factua1.questlons on

- . . Py

o o S v -
the material. Watts (1973) used broader questions like “Which man is too

L . A

reQUires.the student_to make ‘inferences and to cohparebthe ages 'of the men
to expectatidns_abopt‘the amount of labor each job<§2ﬁuires and -the physi-
cal condition of the men. (Bloom et al, 1956, would probably classdfy the: ' . ;

questionlas an_evaloation level question.) Unfortunately the Watts (1973)

-

questibns since the posttest merely tested for factual knowledge. About all

4

wikichy supported that general assert1on The relatlonship_between the topic

below provides an example.

" that can b ald is that the higher-level que§t1ons led subjects to remember ‘ e

more facts from the passage. ' o : ZT
+ - ‘
A 51m11ar problem exists in an 1ngen1ous stﬁdy by Rlcgards and DiVesta <;

(1074) SubJects read passages conta1n1ng a top1c sentence that asserted a

N

general quality about a fictional country called Mala and three sentences

\ PN
sentence and yhe supporting sentences was not made explicit. Thé%paragraph
b ‘

N . . r s

oy,

The southern area of Mala can best be described as a desert.
Rainfall is less'than:two inches per year. The soils in the
southern area of:Mala are either rocky or sundx..“In the summertime
temperatures‘have'been recorded as high as 135 deprees ‘in southern
Mala (Rickards é'DiVesta, 1974, p. 355). | : -

iteaders of these paragraphs were eitheriﬂsked rote factual duestions which

required repetition of one of the three suppoiting sentences, rote idea

. R . .
VAt
. 14 " " . .
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i

X 4 ’ '
questlons Wthh required repetitjon of the top1c sentence, or meanlngful

. ‘ learn1ng questlons wh1ch requ1red the use -of the supportlng sentences to

justify the general assertion. An example of the’ latte®:type of,question ’

‘is "Why can it be said that*éqythern,Mala is aidesert?"'” A fourth group

\recelved 1nserted questhﬂS that were irrelevant to the passage. When 3y

questiqﬁs were inserted after eJeny two paragraphs, mEaningful‘learningn
L - vt - 1 ‘ N
. ‘,’ . - s, . \ - . . .
o . . ., : ; : 45 e "
questions led to superior performance; however, this effect disappeared when

;‘\'(

the questlons were asked 9fter every ﬁ?ur paragraphs Perfoneance in.this

‘case refers to Verbatlm recall of. the passage Subgects g1ven meanlngful

. learning questlons recalled-more. Thlﬁiresuf//:s confiuent with Frase
(1968) and Watts (1973), since in order tb answer .the meaningful iearning
. . . . .' i -

question the. subject would have had to attend to more of the passagé,
having attended to more; he recalled more. In a‘serles of studies USlng

. slmllar me{hOdOIOgy R1chards and his assoc1ates have confirmed these baSIC

)

'results (RlChards, 1976a, 1976b; Richaras § Hatcher, 1976, Ngte 7 ).
iAllen (1970) also repoTted an apparent attentional effect. Allen con%{kf-'

L

n ’ N i ¢ .
pared groups. given either memory level or higher level questions during

. 4 feading, His posttest appﬁﬁenfly consisted of factual ‘questions dealing | t

either W1th material refered to in thL memory level or- hlgher level adJuTct

-
’

questions. The’ bdslc result was that subjects d1d better on quest1ons reldted

to the information they werc asked about in the adjunct questions. This

)

7 : prd . : .
_Tesult is consistent with the hypothesis that qhestlons\serve to focus the

$r f e

students' attention on partlcular material. Like thé Frase/(l968) and’
TN -
{‘ b Watts (1973) studies, nelther the Richards and D1Vesta (1974) . nor Allen (1070)

studles demonstrate any effect fqr higher level questions beyond dlrectlng

student's attention to more of the information.

i

A series of studies by Frase and his co-workers mide this directed attention:

v r X R PR

.hypothesis explicit. Frase (1969a,b, 1970a,b, 1972) had people read
passages that asserted a series of clasé inclusions. The structure of the
- - vy, ] 1
Q - I A . e

ERIC__.
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;o e i ' _
N passagef-was; A is a member of B, B is-a member of C, £ is a member of D,

.

D is a/member of E. Headiﬁg each passage was an assertion that could eigher

PN ) - ‘
* be prpven or disproven from the informatjon in the passage. The subjects

were told to-r%?dithe passage and either verify or disprove the assertion.

; " Later tbey were asked to recall the passage and to draw'any conclusions they
T ~ ; : :

°

\ : :
could frem the passage. ‘ ® : . , o .

Fras Varied the level of the to-be_vérified‘assertion. An assertion

v .

g1ven in [text was the 1owest level (Is A ? member of B?), the next h1ghes£‘ .

]
1eve1 in olved relatlng two classes separated by one class (Is Aa member

of'C’) nd so on. Frase predlcted that factual recall of the paSsage would
increage as the level of to- be ver1f1ed assertlon 1nCreased but that the

' ’

sentehCes Teqwgled would be those/needed to. verlfy the glven assertlon
;o Qve the Serles of studies thls hypothegns was - COnflrmed

s ' Frase had also hoped that ver1fy1ng hlgher level assert1ons wh11e study—

Ly
ing. would ledd redderq to draw such fﬁferenceq during testlng This predlc-

tlon.was weakly confirmed- However, the overall level of inference drawing'
durlng recall was quite: low across the series’ of studles never exceeding, -’

l156 of the pos>1b1e 1nfenences. Addltlonally, the 1nferenges drawn durlng

+ i‘-v_ a -_,- .-

recdll .tended to be: those needid to verlfy the adJUnCt assertlon blmllarly%

irase dnd Sllblger (1070) led subJects to read a greater or, lesser number of

»
. -

text Sentencesfto'solve an adJUﬂCt~p'r0blem..‘ Subjccts who reud more Sf the
. . oL a- . N - .

sentences rcmembefed more. However their ‘increased: retention was specific

t0 the Scﬁtéﬁqes needed to solve the problem.
¥ o , , s
4Twa methodological problems may haye influenced Frase's results. One

problem involved the d%rectiQnS given to.recaders-on the recall. tests. Frase
. H ' N b ) '

PR

Lo . _ | -
simply tald subjects to draw as many inferences as they could from thew

¢

material. Assume a subject in Frase's experiments wrote: As are. Bs Bs are
: : ' 1
1 .

“Us. The inference that As are Cs'is abvious, so_obvioui,tﬁﬁt it may have not
been worth the subjects'etfort to write it in the absence of clear directions
QI g S o @ o .
« to do so, . s . el
FRIC: - ] . - o .

Aruitoxt provided by Eic:
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a ' . . .

’}ﬁ‘additidn’ the §ﬁecifje cl '1"C1U510"3TY re}atlonshlps used by

frase were not made clear in hlS passages Subjects could have 1nterpreted

the relationships as equivalence instead of ¢lass-iriclusionary relationships.

For,example, one. passage asseftéd that»tkéﬂﬁuﬂdalas were outcasts. What e

was meant was tﬁe Fundalas were one of several tribes of outcasts, but it
WOUl(l be ea .~t0 interp’ret the passage as aSSer‘ting th“at ‘Fundal_a‘s is.the
nane given to all outcasts.. Griggs, (1974) providés evidence that subjects

did in fact make such interpretations of materials, Like Vrade's. 'To the cxtent

1 3 . J . . - ). - - . R L
that subjects did assume equivalence relationships,: Frase's:scoring procedure

.
»

Uﬁdefestimated the degree of inference drawing. " .
WhllC the extent to wﬁ\ch these methodologlcal ‘problems may have influ- -

enced. Frase s data, cannot be ascerta1ned it should be noted that other .~

[ v

’ »

researchers have found that subjects have diffiCUlty_COrrectly drawing the

kinds of class inclusion 1mp11cat1ons Frase reqU1red (Griggs, 1974). .Thhs;f
. 2‘1“ } .
the low level® of perfa{mance in Frase study may 51mp1y 1et1eet the 1nherent'

d1ff1cu1ty of the task _ B g oL T .

1 R

P

: 4: . , .
In any caee, ﬂrdse s d&td StrOngly SUPPQTt the:¢c tention.that one

.,gffeet of hxgher level 1dJunct qUC§t10n§ is to dirce: students to atfend to

more of the materlal and thus, to recall informatlon{directly related to the

.1nform1t10n needed to answer. the quest1ons "Such an effect of questions may

K

be. abeled the directed attentlon effect. Underlying the directed ﬂttentiom

veffect is the principle of least effort. A\ applied in the pregeng ‘case, the

prlnCLple of }enst effort suggeqt@ that when students. are Confronted w1th
moro‘Lnformution than they can comfortubly assimilate,. they Will‘Selectively

Jttond to those dspectx of the information needed to Lomplcte their PCTkCIVCd
u\q ' .

task ot gottlnp thxough the mltcrldl Adjungt aids Such as inserted quoyé

tlons, serve to direct thcf§vudents attcntlon by altering the ‘nature of “his

perceived task. This ¢ pldnatlon or the effetts Uf,qucstions may be called

‘ [

the directed attention model (DAM). ,

\

o



DAM makes- it possible ‘to relate the question lfveifliterature“discussed

to this point to the general literature on adjunct-instructional aidﬁ. |

variety of such aids haVe been_ shown to have effects that can be accounted, = N
.- » S . *

for by DAM. Fo@‘example;‘Anderson & Faust, (1967) and Anderson, Faust G 5 f}v'
PERE . . , v R "' ?~ .
Roderick (1968) demonstrated that "a formal prompt in progr mmed 1nstruct10n Ua” SRS

- B

could lead Students not to attend to associative relatlonsh1p§ that’ were

< & ~ X )

tested on Ehe posttest | SubJects who recelved t formal prompt performed
. "W - more poorly than”subjects who did’noﬁ. ThlS result is, similar to the Frase

- (1968) result 1nVOIV1ng breath of questlons L1ke Frase s questlons Anderson b

. ¢
) R Ll

“and Faust s rompts served to alter the subject's p rceptlon of his task
p P Qa\\\

v,

,gpnd limit the materlal to whlch,he attendcd; Similarly Anderson, Kulhavy,f‘” . RN

'.V,_ “ v

and Andre (1971) found that-when subjects: could examlne feedback 1n programmed
U . ‘
1nstruct10n prlor to readlng the frames, they tended ‘to 51mp1y copy . answers ‘ R
- - ' )
into the blanks and not read the frames. The‘stodents changed their task . "

y - o . N 3

[ . .
s 4 { .
from one of recading frames and generating answers to one of reading feedback

and capying. it; the‘presence_of teedback ‘directed student attention”away g

. from tho'reievant'instructronai experience.‘NWgh .,.. ' &'
' : By influencinadattontion, adjunct instructionni»nidﬁ'cun Facilitate o
pcrfo?mnnco as well. The positch effects of highlightinp,-underlining,}nnd
s notetaking~on factual ICQTHIH& are c1s1ly hdndled by DAM \as are the tdc111— »
. : tat}vc .tfott\ of behquorad obJettlves on recall of oblettdve rclatcd Lntor

-~ ... 0 mation. This analysis 5uppc~ts thnt the cftects ot hlpher oxder qucstlons on

IS

N

1eurnin; le not un1qug, rather hxpher order qnestnons axe slmply a type of

. ~adjunct instructionﬁ§~niﬂ. As with all instructional aids, questions which
o L ' Y R
. . 3 W )
direct’ attention ‘to relevant lnformdtlon enhance performance; questions which
< . - o N . Q
d{rect dattention to irvelevant information degrade pertformance. In the
.~ research discussed above, higher-order questions have generally fdcilitated » -
posttest pertormance.” The questions have had this effect by directing attention ‘

e

Q o | . \)' ’ . B . . "'.';Yf)

Aruitoxt provided by Eic:
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.“to more-information.  Having attended to morc,“sdﬁﬁects receiving h;gher o .

toa
o

Pand

‘rtfshohld be'notedethat tHe effects of instructional aids'including

qqestions are not directly causal. Questions;: and other 1natruct10nal aids,

' e ._,,.

— L -
_éf ~ serve d4s one tvpe of input to dtcomp}cx 1hformat10n proce551ng system——the ‘ _

e . T ® L » ' s

- “,‘A" ,'readlng'student. DAM 5uggests that quebtlons and other dd)unct aids w111 - SRR

. :—"« 4

. 4. .
have muximum Etect when the subject percelves h] task to be one of gettlng

NE . E ' . I R .
- s B . ,

through the ins tructional materlals with a minimum of effort."Under such, IR ."ﬂ

L . ' . 4 ."', "~ TN - 4

'conditions, questlons 1nf1uencc ‘the subject by changlng whdt he percexves to
be the m1n1mum tdsk If however, the subJect percelves -his task to bc one '5F$3"§

~

of ledrnlng the maximum amount from the material, questions and,other 1d3unct

v:\,

aids mxy not f30111tate his performance It the subject chooses to at nd

to and learn.all the information ‘the directed attentlon effect of quest10n§> N
: ‘L R :

-~ 1v-." :

wyll not operqte.. ‘For etamplc quer (1969 Note g ) found thatw&verpromptlng

o . N

in plOgrammcd xnstluctlon dld nOt have dclctrloua vftutts when th

» 'u-

.l.v

- Y

”vhﬁ'f,ﬁ.Vtould 1h15,3n11y91 suggests that questlons will have a maxinum effect,dnw, -

';pcrf?hmqncevwhen the subject is operating under conditions of Jow- motivation

Wt . - '

',QFuﬂhéfiﬁX*(A”derSOﬁ & Faust, 1973).

. ¢ S ' - S , .
’ . g . oot [y : T ~ .
The Nature.of Attention in DAM § “Qg:, ‘ . : o
4 - t . i . -~
0 s -
) ' The nature ot the Jttentxon re teled to un the directed attention model .

~ ) . .. N . . ; s ‘\ ‘ . Y o
. should be specitied. [n psychological usage, nttcntlon has-many reférents; . o

. N . . - Y : .,
S y IO N . - .. . . S

copl, orientation’to partdculur stimuli in a field, processing of particular.

- daspectstof stimuli, even concentration and/or aydusal. " In the present.cise,

attention retfers to particulpr aspects of the‘yeddjng Ilintvnjng).pfoceﬁﬁ.
. L ‘. ' N L N
v N L 3 "y S Wt

Lo . . i S . ' SR
. Reabing (listening) 1s conceptualized as a mul11—‘ttyed pxo«e\s which 1nvolvc b
. ‘, : . * o

4
» . . -

«

translating visuul"(aﬁdimbry) .txmulx intdfencadings QF,Meunings in the work-
; ntoer s ool

I i . , . R

iny memory of the reader. ‘wt,u;&r in 'thc. process may include: ) recopnizing

Q L. . Ll R ) SR S

=y . A . - o [ . . . . .
Full Tt Provided by ERIC. . - . PEE L . .
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. performance of the general question gr

o : .o T 4

the visual patterns of letters and/or words, translating the visual patterns

to sounds, t™nslating the sound andﬁ%r'visual pattcrnS'to'meuning'represcn_
tations, constructing structu¥es whuch enq%de‘theameanlngs of sentences,
paragraphs andwmassages, reléting new meanings to prior knowledge, etc.
}sychologlcal contnoversy has raged over the prectse nature of these stages

(G1bson 6 Levin, 1975) The f1ne.d1st1nct1ons between the various theor1sts_

D

are not relevant hare,' What is relevant is that glven a multistate co

of the reading (listening) process, we €in define attention as used {n theﬂ

” . ;
to form' a un1f1ed.menta1 structure that combin

o

In other words, a- student‘has attended tb a partlcular portlon of an instruc-

tional commuriication when he.hasrencoded some-aspect of. that portlon.

4

S

directed attention model, as «the processing ofe:jrsented information 3¥p as

the elements attended'

This conception oflgktentiOn is necessary to account for the.effects of
d1fferent 1evels of qﬂestlons. To demonaxrate thls, compare the Frase (1968)
: L

and Watts (1973) stud1es discussed above. Frase found that SUbJeCtS»glVen'

more general uestions d1 mere oorly on the osttest. Watts. (1973) demon-
q ? P p

strated . that Frase s-results wgre produced Because his more general questlons

w . [

led students not to attend to the, part1cu1ar assoc1at10ns needed for the

posttest.” Remember that the subjects were given short prose parag iE‘WhiCh

+‘contained information like the names and occupations of men. }f does not

" seem reasonable to me that *Watts was«saying,that the subjects simply looked

at only the wordsuin the passagelthat refered to 0ccupations when given a
. P . '. .
question’like: Whdt were the occupatlons of the men in the story? The other

~words 1n the passage had to be looked at, if for no other reason, than simply

to 1dent1fy wh1ch words’ Were occupatlon wgrds. By attributing the poorer

_to directed attention, Watts was

arguing that the subjects in the genferal question group failed to construct

et

- a memory representation, or encoding, which related the men to their occupa-

v
ey
Lo . e

 tions. - Rather their memory encoding listed the occupations as a separate "chunk.ﬂ
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Cons{deratlon of the results of other studies of instructional a1ds

similafly suggests that the effect of the aid is to lead subjects to construct

Q/f“
different encodlngs of the 1nformat10n. A clear demonstration of how differ-

ences in enEodlng can ‘influence subsequent test performance is prov1ded by
Andre and Sqla (1976). Andre and- Sola had subJects study a 115t of sentences.

Subjects received either verbatim or paraphrased test questions on each

/

sentence while studying. When tested with nen paraphrase sentences questions
on a posttest), the group receiving paraphrased studybquestions did better.
Draning on reéults reported by Green (1975),_Andre and Sola argued that the
group given verbatim questions'tried to memor{ze the'sentenceszae an indepen-

] : .
dent series of|words; ‘they:did not encode the words into a unified cognitive

structure, The groups given.paraphrased study questions were led to create
.
aunified encodiing in order to relate the sentences to the study questions.
- -’

In contrast, th?;yerbatim group apparently memorized the words in‘the\ -

sentences as woﬂds. Construction of a unified encoding increased performance

~
& °

“on the posttest.\° .

This cggEepLion of directed attentidd and encoding can be made more
enpiicit. What ﬁ am arguing is that by directing the reader to particular
kinds of informatdon,'the questions lead the reader to set up a strategy or
proéram‘for proce;sing fhe infornation.in fhe text. Different.question§ lead
to different stradegles Figures 1 and 2 illustrage fhelkinds af strategies
that might be set Up in response to the Frase (1968) and Watts (1973) type

general quest}ons,\ In Figure 1, the -general question is: _ '""What are the

occupations of the men in this sfory?" This question leads to a reading

‘strategy in which occupatlon becomes a key or criteria for selectlng infor-

~

mation for encodlng; As the reader encounters occupat10na1 information, he
A ‘ . » .
takes further action upon it by storing it in an "occupation-list." Figure
\ :

3 illustrates the kind of enéoding'that results from applying ‘the Figure 1

t

N
L ¢
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»

strategy. In Figure 3 the men's occupations are associated to a retrieval
oo : ' . . ¢
cuo.of "occupation of men in story." Of course, this retriéval cue is

: {

context seecifﬁc in that applies to occupations read about’'in a particular
o R :
passage in a particular experimental situation.
- .

Figure 2 illustrates the effects of the Wdtts (1973) general question:

"Which man is too old for his job?" In requnse to this question the reader

at

sets up a different set of cr1ter1a to sdlect information for encodlng aﬁd

encodes more. 1nformat10n Flgure 4 11Lustrates the kind of structure that'“

¢

results. - In this second encoding, the retrieval'euewié story charactere,
associated to thi¥& cue are the namesaqf tﬁe men‘and associaped te;the namee
G¥#Ehe men are occupations aﬁd ages When the subJect is asked to give,
;pét1f1c 1nformat1on about spec1f1c men, we would be able to do s0 given

the second encodxng (F1gure 4), but not the f1rst (Flgure 3).

Two qua11f1cat10ns on thls descr1pt1on should be noted. First, the

/
P

probab111ty with wh1ch a phrtlcular occupation, man' s name, Or age,’ E“C is

encoded 1s less tﬁgn unity. - Thus the reader won't-encode or remember all

-

the information related to the questien. ‘ObQIeusly the reader's posttest

performance will be reduced by the extent to which his original encoding is

’

incomplete. One general task.for the kind of model being suggested here is

to describe what the probabilities of encoding are under different instruc-

tienal conditions. ...
A secondhrelated:qualificatidq_iijtha;,the subject mayvte“esing more than

one strategy while. readlng In response to tﬁe inserted question,'he'may.be
keying on and encoding partlcular kinds of 1nformat10n, but because of his

~ background and his expectations abggt what information is important and

likely to be on a postteét, he may also be‘attempting‘Fo encode other kinds

of inforhation."Certqinly ?ost mature readers assess the importance of-

-cohpeneﬁts of texts fhey read; the sales of highlighters to college students
atfest to that fact. Moreover, Duell, (1934) has sho@n fhat students do

v ) - ' . i
O . o : ( ) ' b \:'
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remember better what they consider 1mportant from ‘a passage. Since: DAM

,asqumes that only a finite amount of processing capac1ty 1s available to

the reader, the attempt to use mu1t1p1e strategles will degrade the success

of any given strategy and should lower the probab111ty wgth which ‘informa-

- B,
tion related to a particular strategy is encoded.- T

Insert Figures 1, 2, 3, 4'abcut here

- s ——

DAM and the Instructional Value of Studies Assessing only Verbatim Recall

If DAM provides a full explanation'of the level of question -effect,
then questien level does nbt seem to beuan.instructionally interesting
var1ab1e It is hardly surprlslng that 1nformat10n learners pay attentlon
to (encode) is learned and 4;ta1ned better than information they do not
attend to (encode). If a higher level question merely directed the readerfs
attention to more of the passage, it wonid be poesible to_simulate its effect
by aéking-a greater number ofllower level qhestidns. Most educators and
theorists who have dealt with levels of questions would not be comfortable
with that notipnl .The general belief has been that higher order Questions
ekert?a qualitative, not quantitative effect. It has been believed that'higher‘
order qdestions'lead the learner to acquire something else in addition to
simply nore. . 1'f o . T "
: V_Unfortunately‘the deeigns of studies discussed above have precluded’ the
demonstrationPOf anything except quantitative effects. These studiesclearly
fail to distfnguish between the,{earning of a prose passage and learning'
frgm_a‘paésage. In_laboratery verbal learning research, subjects are‘typically
asked to learn arbitraryfliste of nonsense or‘real words. In such experiments,
the list represents ihe universe of tO-beFlearned,material.,“Most prose’
research has treated prose passages in the same way. Researchers have treated
prose paésages as complex werd li%ts;_the‘passage and‘ite words have‘becone v

¢

'15.1) -
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‘the material ‘to be learned. lThevRickards and.DiVesta (1974).study provides.
{

a typical example. After ingeniously varying the type of adJunct question, ‘

Rickards and PiVesta simply required verbatim reca11 of the passage. This

[

type of testing procedure makes it impossible to demonstrate‘anything other

~than a quantitative)effect for higher level questions. When a verbatim
reca11 or recognition procedure is, used on the posttest, only the quantity
of verbatim recall can be assessed. \ T
, o

'While such recall procedures have some theoretical and pedagogical

- M
. - l\interest, they also represent a clear misunderstandinggof»thelinstructional

use of prose. When a teacher assigns a passage he se1dom regards learning

6f the passage as the end of instruction. Rather the teacher expects the
ypassage w111 communicate important ideas that students will employ in the ”"“j

B future. Such ideas may 1nc1ude eoncepts, principles, skills, or problem-

?u’y solv1ng techniques, etc " Regardless of’thenspecific nature of the ideas,

| educators want students to le n from passages,'not to memorize passages.

VR From the educator's perspective, a prose passage is a device for altering

'

the reader's knowledgedof the world. Different levels of adjunct questiqns

may’facilitate the ease with which such a1teratiQns occur, but studies |
, which require only verbatim recall will nevervreveal these effects. Such

effects become apparent only when the’reader must demenstrate‘his knowledge

in a transfer situation (Anderson, 1972).

. Studies Assessing More Than Verbatim Recall

Fortunately, a few studies have investigated the role ef adjunct questions’
‘in prOducing.transferable knowledge. Although only a handful in number; these
studies demonstrate an effect of higher level questicns which DAM cannot
_ hand1e |
Anderson (1972) had argued that paraphrased questions 1nduced a higher
ievel of proce551ng than their verbatim counterparts Anderson and Biddle (1975)

el

o . | N
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“
‘

-attemptedptgpshow that/paraphrased questions would enhance learning from
a prose passage., Over a s?ries'of 4 studies they were unable to show any

t.

i{convincing direct facilitative fffect of such duestions.‘ Andre and Sola
; (1976) criticized Anderson and B@ddle's work on two grounds. Anderson
and Biddle's paraphrased adjunct questions‘were given onlxrafter subjects .

had read the passage. -‘Used in this way the questions could not induce

subjects to process the information more deeply. In addition, Anderson

and Biddle's postteSt was composed 6f questions used in instruction and,

"

as such, did not prov1de a pure test of the1r hypothe51s. As noted above,

o

Andre and Sola-(k976) re able to demonstrate that when adjunct paraphrased
\ .
questlons could guide semantic encodlng of the presented 1nformat10n and when

“the posttest measured such semant1c encodlng of the 1nformat10n, the para-
phrased adjunct questlons led to greater performance.

Hunkins (1969) had 6th grndn Students study over a four week period

)

sociai study materials containinec either "knowledge" 1eve1 or "evaluat1ve"
level questions. At the end of the perlod they took a posttest conta1n1ng
questions at' all six of the levels in the. Bloom taxonomy. The on1y 51gn15
ficant main effect for treatmentuquestions occurred for evaluative 1eve1

questlons——students who rece1ved eva1uat1ve level questions dur1ng 1nstruc—

tion d1d better on new eva1uat1ve questlons on the posttest. Type of adJunct

\

question also entered into two three way 1nteract10ns with sex and read1ng
level. Unfortunately, it is difflcult to 1nterpret the Hunkins' results
as the pauc1ty of methodolog1ca1 details 'in his report makes it d1ff1cu1t

to know exactly what was done. For example, it is not c1ear how long the

— o

experimental materials were, how many adfunct questions were used whether
&

the same numbér of factual and adJunct questions were given to the two treatment

<

questions, whether -the adjunct questions were inserted in the text near the

I
material that provided answers for them or massed at the end of the sections,

S 5
. LY - v
: .
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’ ' .
and whether students received: feedback on the questions. In addition, the

materials were used in ongoing classrooms, but the relationship_betw?enlghe
experimental mgterials and the ongoing instruction was not made clear. More-

over, Hunkins reports initial interrater reliabilities for the assignment

-

~of adjunct questions to categor{si. These are quite low (mean = 52.2%)
. ' ¢ ' . ’ !

suggesting that the treatments were not reliably different. ,Finaily, the

data appear to have been analyzed incorrectly. Hunkins assigned intact

]

clasééé to treatments, but used ihdividuals as the unit of analysis. 'H
the proper hierarchical aﬁalysis been performed, i;'is unlikely a;y effects
would hav; been significant. Given these problems, it is best to regard
the Hﬁnk%ﬁ; results as proiiding only weak suppoft for a level of qugstion$

effect on higher-order learning. However, Hunkins is to be commended for
g . L ‘ ' o

attempting to assess-more thHan simple factual learning.

 Perhaps-;hq most intriguing study to examine higher order questions is

. o r _ -
that of Wattsfand Anderson (1971). Watts and Anderson wrote passages which '

3

b
r

consisted 3fwﬁfiéf déscriptiqns of psychologiéal'éoncepts and(prihcip1¢s.
Each ofﬂfgve passages containéd,'(l) an example of a pSyéhological concept
or principle, (Zj a verbal statement of theféoncebt or principle, (3) the |
name of .a psychologist associated with;;hg»principlek and (4j a second
exémple. Five quesfions were written for each passage. .The Name questions

asked the reader to identify the psychologist associated with the principle.

Each of two Repeated Example questions asked the student to recognize one or ';/’

- v

. the other of the given examples as an instance of the principle. Two T

P

Application questions asked readers to recognize a new, unfamiliar instance‘® -’ -
¢ @ ' ' & L

of the concept. Each reader read all five passages. Af;er‘each passagé,”ﬁ

- — - s J

. éppeared one of the five questions. Thué, there weré'five groupéiaﬁd-SUBjects’

0

in each group answered either name, one or the other of the two repeated
; - &

. examples, or one or the other of the two application adjunct questions while

studying the material. Subsequent t6 reading the passages, each student

4

o /
oD . ‘ R
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COmpleted a test consisting of all 25 questions. The important result was
: s .

that the groups asked Application questions during reading performed mdch
. better on new Application ouestions and about’ as 'well on the other types’of
questiOns as did the Name and Repeated Example groups. That is"the . .
app11cat10n questlons groups were better able to transfer the1r knowledge of
the concepts and principles to the new examples. -
A study hy Dapra and Felker (Note 2) sopported Watts:and Anderson's (19713
‘findings. Dapra and Felker had subjects study materials on basic conditdoning
concepts and'principles.' Subjects answered e1ther comprehen51on or Verbat1m

, .

questions while'stuinné Verbatim questlons demanded memory of the exact.
words’in the text;‘comprehen51on questlons required the subJect to understand
a paraphrased version of the message presented,in the textior to_apply the
concept‘or.principle.f These distinctions, were based on the Andersdn (1972)
pag'r.b Snbjects were‘given two posttests in the.foilowing orddr:' a problem-

1

solving test conta1n1ng descr1pt10ns of 51tuatlons to. wh1ch cond1t1qn1ng
principles could be app11ed and a mu1t1p1e -choice posttest conta1n1ng new
- "comprehen51on-1tems-fOIIOWed by verbatim items. The readers given compre-
- 3 . .
hension adjunct questions scored higher on the problem solving test, but
did not‘score higher on the new comprehension muitiple—choice items. -
| Anderson andiKulhavy (1972) presented subjects with the definitions of/
concepts with whichbthe subjects were unfamiliar. While studying the concepts,
subjects e1ther tr1ed to make up a sentence u51ng the defined concept (word) 1
oT repeated the definition aloud three 1tems. On a posttest'that4asked_subJects
' to recognize new instances of concept, subJects who USed the concept in a sen-’
tence performedlbetter than subjects who repeated the concept aloud. Anderson
and Kulhavy argued that u51ng the concepts requ1red the subJects to, semanti-
calln‘encode the definition and hence be able to use it.

‘In :a long-term study,chKenzie (1972) had eighth grade studsnts take '

. _ : .
. Weekly quizzes that required either recall of given facts or drawing inferences

T : ' .;)'_A. . .
R L
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about the political interests of groups dlscussed in- the mater1a1 Afteri

e1ght weeks subJects took a posttest which requ1red reca11 of facts, new

1nferences about the groups considered in the weekly quizzes, and new infer-

, ‘ h . . +

ences about groups not previously ¢onsidered. Type of quiz did not influence‘

™

either recall of facts or new inferences about new groups, but did 1nf1uence

performance on the new 1nferences about the old groups Subjects given

‘,1nferent1a1 qulzzes d1d better than subJects g1ven factual qulzzes o

.

Moore (Note 3) reported apparently dlsconflrmlng resu1ts. Subjects in ¢

MBore's study were glven e1ther verbat1m, paraphrased, or application adjunct

uestlons while studying.a passage. Control groups received no queStions.
- and eignt days after reading the passage the subjects took tests on the’
. material. No significant difference between groups were found. However,

Moore's study was designed to test the genera l facilitatory effects of

winserted-questions‘predicted from his interpretation of Rothkopf's (1963,

| {

1966) mathemagenic notions. For this reason none of the posttest questions
were“directly or indirectly related to the adjunct questions. Most impor-

tantly in the present context, none of the posttest questions asked students

, , . . - «

to apply the concepts and principles that.had been inVolved in the adjunct

questions: Moore's data, therefore demonstrate the effect of adjunct applica-

by

tion questions is specific to the content with which they are concerned. As

Moore (Note 3)noted, such effects are still educationally important if they

4

facilitate learning of specific concepts and principles. n
. B .. £

.

hMeConkie, Rayner; and Wilson (1973 attempted to use different levels

of. questions to alter the reading strategies of subjects. Subjects read

o

six passages onqdiverse‘topics and received 1 of 5 types of questions while ( .

N
-

reading. The 5 question types were: (1) factual ouestions with word answers,

~

(2) factual questions with number answers, (3) structure questions, which

involved telling thé\order of things in tne passage'or.the amount of passage
‘devoted to subtopics, (4) far-inference questions, which asked for things

iftzb

-
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& ’ 'as the best t1t1e for a passage or the authors purpose in wr1t1ng the passage,
and (5) recogn1t1on questlons, wh1ch asked students to pick out words and

‘phrases from the ‘article from among a list of distrators.- Two additionarvi

groups received; one of each type of question after each passage or two par—

‘.
L)

@ ) t1cu1ar 1nference questlons after each passage. Except for the 1atter group, - _
éach group rece1ved 5 questlons after each passage. After completlng the

passage, subJects took a retentlon test whlch contained factual word, factual
number, structure, far 1nference *and rec0gn1t1on 1tems. Whether these "

vy )

1tems were the same as those used in the passage was not’ made c1ear, although

o
Cae N

‘ McConkie et al indirectly suggest that the'posttest-conta1ned both‘new and
‘ ¥

‘ "repeated items. Type of adJﬁnct questlon 1nf1uenced both read1ng speed and

posttest performance. As McConkle et al suggest the d1fferences in posttest

performance are not easily 1nterpretab1e. The far inference adJunct questlons,v
St

which come closest to the kind of. question. We have been ‘calling h1gher order,

» did ‘not fac111tate performance on far inference posttest questlons. Since
ot ¥ ‘

‘McConkie et a1 imply that the posttest questlons and the adjunct questlons

referenced at least part1a11y different 1nformat10n thislresult may:support

[ . !

the Moore (Note 3) f1nd1ngs.

-

e Part of the problem in 1nterpret1ng McConkle s et a1 s results is the

111 def1ned nature of the h1gher order questlons. I don't th1nk 1t would be

-

p0551b1e to even quas1—rep1rcate thls.Study from the informationigiven in the

’ .report;“One simply could not draw up sets of structure'and far inference
questions that would match the characteristics of McConhie's‘et;alfs questions
A second problem is that posttest data were analyzed uging a repeated measures
ANOVA in wh1ch posttest questlon type is a w1th1n subjects - factor. They report
.a 51gn1f1cant interaction of AdJunct questlon type and Posttest questionjtype;
but do not report the 51mp1e main effects of Adjunct question at each 1eve1 | ?}_
of Posttest question type. But it is the 1atter effects that;are«of major I
interest. From an 1nstructiona1'viewpoint,~it would befimportant to know ifﬁ

..

(< J . { | o ’ Ju _ _ ' , o
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different-types of adjunct’questions make differenceswin;instructionally

. i
- i

meaningful k1nds of outcome measures The ovgkall slgnlflcant LnteraGt1on

¢ L merely 1nd1cates that there may be differences of 1nterest within the data

' '--.

but does not 1solate them.. In ‘the case where posttests contaln/1nstruc-
S . . v

t1onally;mean1ngful d1st1nct types of quest1ons, separate between subjects

; ‘;JANOVAS 0n each quest1on type/would probably be more informative about the

" I .

re1at1onsh1p in the data If the researcher deems it necessary to use an’

overall analys1s, an apprbpriate MANOVA which would yield univariate Fs

.y

would-be a better choice than a repeated‘measures ANOVA. Doing the latter

analys1s w1thout pr0N1d1ng follow-up tests will typically- produce only

confus1on about the data. ‘\\ 3

-

'

Shavelsoh, Berliner, _R'avitch' and. Loeding (1974) compa‘.re'd the "éf%"é"c"Es"v-‘."' :

RS . - T,

answered them A control group rece1 ed no questlons H1gher order quest1ons

r . .t

placed after the’ relevant materlal tended to produce better performance than -

I
3 .

%
did other-quest1on-pos1t1on combinations. ‘However the-no-quest1on control

r

‘group did about as well as the h1gher<order questlons group ’Ddfferences

N LA
‘. B iy -

. between oondat1ons were not geneially s1gn1f1cant A number of problems

; -

make clear 1nterpretat1on of th1s study d1ff1cult The authors indicate that

the low-level questlons were at the knowledge level in Bloem;et al Taxonomy

and that the hlgher order quest1ons were at the comprehension, application,

) . ,\:

'and analysis levels of the Taxonomy However, the e examples provlded in the1r Yoo

«

,article were not obV1ously at d1fferent levels and the spec1f1c relat1onsh1ps

3 between thé text and the adJunct quest1ons were not made expl1c1t For
'example, the authorsd1d not indicate if the knowledge level quest1ons were
o verbatim repet1t1ons of text or 1nvolved paraphras1ng More 1mportantly,

' thevrelat1onsh1p between the hrgher order adjunct questions and the higher

- tested the same .or different concepts or pr1nc1ples was never made clear
o

- . [T

E l. ’ .,rs‘ . . . Lj; . R ) ‘ o’ ’

o

order transfer questions on the'posttest was not made clear. Whether these
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'aFr?o‘m’-ithe"article, I infer that different concep‘nd principles were tested',

L4 ’

ué this is only a guess, If theiqoncepts and'principles tested were 'differ- °

ent, then the results'support the Moore (1975) study discussed above.

The results of these studies suggest that when students are.glven
Yok )
adjunct application questions. about concepts and pr1nc1ples, as. compared to

adjunct factual questlons, the1r ab111ty to use knowledge of the concepts-l'tl

and principles to recognlze new examples or solve problems 1nvolv1ng the con—u
1/5 L cepts’ and pr1nc1p1es~1s enhanced (Watts &(Akderson,T197l Dapra § Felker,‘
Note 2) The efﬁects of the questlons appear to “be speC1f1c to the concepts
~and pr1nc1ples asked about in the adJunct questions; the vaUISltlon of other

‘concepts and pr1nc1p1es dlscussed is not fac111ated (Moore, 1975; Shavelson,

et al, 1974; McConkie et‘ al, 1973) The effects of other types of higher

o

. level questions are- much less clear. s C _ ' o \‘Qrif
Lo . Some recent results or1g1nat1ng in my laboratory raise questions about it ot
154 4 - ‘. 5 14 . e‘ . ¥ .

these genera11zat10ns (Andre, 1976 Note 1 ) In a. series.of:fhreersxudies Y
L o
: based upon the Watts and Anderson parad1gm, I asked subJects to Tead prose

PRI Il

"passages expla1n1ng psycholog1cal concepts and pr1nc1ples and to answer

3

either . factual LOT. app11cat10n quest1ons wh11e reading. .The materials were -

the Watts and Anderson (1971) passages phus addltlonal passages con-

i

structed to match the original mater1a1s inwétyle and format Questlons were

‘were placed either before or after the relqyaht parts of the passag{, hence

£ o the baS1c de51gn was a 2 (Questlon pOSlthﬂ) X 2 (Questlon Level) factor1al

ot

'Over the three stud1es, and cons1der1ng onfy the new appllcatlon items on
‘ N
« the posttest, the results were. as follows In prerlment 1, COllege student

’L\I‘. .

'subJects g1ven factual questlons before the relevant portlons of the pasgage -

did hest on answerlng new application-questions. In Experlment 2, aga1n';“

) o ) n v ,4 . y.‘ . R s . I
using college students, no significant differences '~ found.® :In
Y o ' E ‘ : .
3, high school students given factual questions ~-ther :fore or after the RO

Bpeiment < 1

relevant passage portlons d1d 51gn1f1cantly better on new appllcat1on 1tems

Q o than did students given appllcatlon adJunct queStlons

‘ o ‘ v . . SN . .“““ R A e m

A
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These resu1ts are incon31stent with each other and w1th the Watts and

5 i . i

Anderson f1ndings This inconsistency TBISOS queStions about thb generaliza-
£

b11ity of the’ effects of adJunct applicalon questions. "The rGSults suggest
that the effeets of questxons are moderated by other var1ables. .. ) ’

One possible such variab1e may be d1fficulty level of the adJunct ques-

"

".tions The absolute’ level of perfOrmanCe on: ‘the adJunct questions was. poorer “ .
X .

4

,students (Although thlS pattern of 1nteract10n does not seem to b& con-

-,,, l ‘v KR
1n the Andre studies than in the Watts and Anderson study It 1! reasonable
to SuppOSe that if the students are unable to answer the adJunct questions, o
the: questions W1ll not fac11itate the1r performance In'fact if the adJunct

‘questlons prove part1cu1arly d1ff1cult they m1ght reduce overall performance

by increasing.the students frUstratlon and lowerlng his motlvqtlon. Another

'- 7

A
variable may be the abrlity level of the‘students. Shavelson et al (1974)
. t [ o ] v————-

f reported:+that higher-level questions‘had less of anfeffect on higher-abilityJ

r

N

firmed in the Hunkip's 1969 data ) The college students used in- the Andre

Note 1 research WOuld represent a populatlon selected for ab111ty,‘the hlgh

e S -

s,

school students came from a h1gh school whose | students’ mean ab111ty leVels

e '3

average above natlonal norms. Clearly such speculatlons cannot account for !

- ¥ 0
[

- the d1fferences between the Andre Note l and Wat and Anderson (1971) results.w:?

..However the speculatlons do suggest that future research on quest10n level -

,.

ant

' ”fshould examlne possxble/tra1t treatment 1nteract1ons. The 1nconslstenc1es in

" G
the extant research underscore the:, ﬁeed for subsequent re5earch

iy . o, . W e

The 1mportance of the 1nconslstenc1es in thlS research should not be.

"overrated . Only a very few stud1es have been performed and only a ver)":‘]!5

'unexpected.' If as I‘bel1eVe, questlons exert only an 1nd1rect 1nfluenceton

; ﬂ;11m1ted number of var1ab1es consldered leen the wxde d1fferences 1n method

ﬁ“and procedure across studies, such 1nconsxstenc1es should not be entlreTy

: the.learner, then questlonsvmay»Well have d1fferent effects on d1fferent

'learners in’ different 51tuat10ns._ The'effeots of questmons.w1ll be determ1ne&§ -

.
< ’
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by the'h.total Anput influencing the learner, the-prior habits and reading -
a . :

Strategles of the 1earner, and 23! the +learngr . comblnes and transforms thls

¢ '-d . _’.'_.,, '
fiﬁzlanESBtlon 1ﬁto.a perception of his gask and goals., ori y when the con-, A o
flguratlon of the system is‘suChf{ dts the questlons 1ead the 1earner tQ s Nt
. ’ . o ; _'
’ process the mater1als 1n ways he would not otherw15e have done will questlons Ty

4 '~ '/”"/"L o X L

1nf1uence lcurnlng and retentlon and trdnsfer.: The effects of questlons w111

v X : r

fbe condltlonal on other aSpects of the 1earner s proce551ng system ThlS

. view of the learner and of the influence of questlons ori the 1earner 1s

4 >
.o s \ .‘. ~
L o

pursued in the section below wh1ch proposes a model of 1earner and, hls com—:f

,prehension/retention/transfer processes

° s

jlgher -Order Effects: from ngher Level Questlons : A'ff__%‘

- H

et

I

i Under DAM hlgher [ 4er quesnlons had ‘their effect by 1ead1ng squects to, "

semant1ca11y(encpde more. of 'he 1nformat10n in a passage. If DAM Weré suffl-“

wv

.. cient 'to account for the transfer effects that haveé been obserVed, then those

2

effects ‘could be simulated by~asking-subjects several low order questions
. ;

ﬁabout the passage 1nstead of - asklng one hlgheﬂ
of it, it appears dxfflcult to account for the obServed transfer effects in’”
this way. ‘In the Watts and Anderson (1971) study, for*example, the higher .

order app11cat10n questlons requlrcd that subJects make use of the prese

- ﬁunformatlon in a new way.. The'questlons requlred that subjects £0 "beyond

e

;'"4 © " the - 1nformat10n glven",ln Bruner s fortunate phrase How such./an affect
ot - _\a;_". - ) i!‘k e
could be dupllcated by asklng several factual questlons about the passagexls P

< . . /f_,_

-Lg not-clear. Thus the S&M model is not suff1c1ent to account for such hlgher

’order or transfer effects of 1nserted hlgher order questlons ‘Aimodel whlch
¢

is’ d051gned to. account for such effects’is descrlbed in the flnal sectlon

I‘T

B below, Before turnlng to that descrlptlon, it is approrprlate to note some

general problems w1th the exxstlng research on: levels’of questlons
\

- . . - o

o v _ S o
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Some Methodological Criticismsf///’\ _ - BE

One major problem wit

esearch on question level lies in the specifica-

tion of the levels of quest'ons1nb£EeStUdieS.' Anderson (1972) criticized

P

ed o Te T d nal eport
ucat1 nal searchers and journa editors for pr1nt1ng reseu;eh reports

~a-

which were not repllcable because essent1al features of the materials were

- ~

Q ] e

not fully described. The problem still exists. In several of the studies

‘

reviewed herein, essential information such as whether the adjunct questions

were verbat1m or paraphrased whether the adjunct questions weTe repeated
RN
on the po“bttst and whether the po%ttest tested over concepts and principles

also tested in tk efadJunct questions or on add1t10nal concepts and principles

was simply not &lven (e g., Allen, 1970 McConkie, lQik Shavelson, et al.

1974)". Part of the reason for this amb1gu1ty has been the lack of an 1greed

.

upon system for classifying questions. . However, thg lack of a system should
imply that researehers should be especially detailed in describing‘the pro-
cedures by which questions of variodd levels were‘develeped, because a reader
cannot refer back to a system for objectively generating similarfﬁuestione.
A second criticism is that many of the studies failed to provide .data

on the suh]@tts’ performante on the ndjunct questions. Significant e&ceptions
are the. Anderson and Biddle (1975), Watts and Anderson tl97l), and Andre afid
Sola (1976) studies. Holland (1965) denmﬁstruted thut answering relatively
‘cnsy and relevant questions during ingtruction could faciditate performance
but that answering dlfficult'but still relevant questions would not. Where
data is uvuiluble, i1t is clear that higher and lower level adjunct questions
do differ on difficulty. ThuS, in the absence of data on the subjects pers
formance on the adjunct questioas, interpretations of studies varying level

. . o~ A
of? questions becones exceedingly tenuous. ’

A third problem, also noted above, deals with the nature of output or
’ [

v '

posttest measures.  Instructional communications could have a number of

otential outcomes; knowledpge gained from such commmtications conld be
] ; ge N
) \

<€

Ci‘ i



O

ERIC

Aruitoxt provided by Eic:

i . N v . . 39

l > ®

assessed in a‘varietj of ways. 1It.seems appropriate that if levels of adjunct

» «

questlons'are to be varied in instruction then various levels of duestions
should also he assessed_pn ;ﬁe positest. Studi®s which rgly gnly on one
output measure, such as factual recall, reﬁeél too little. IVirtually .all
question level research should use multiple output measures.

4

Finally; it seems appropriate tﬁgt invéstigators interested in tﬁe
instructionaf effects of different levels of questions should devote moré‘
interest to the individual characteristic of the studenté. -Undef the model
of the learner informally presented thus far, questionS'infldeﬁce the learner
by changing his percepfion of the task and the strategieé he uses to pursue
the perceived task. This conception suggests that.characteristics of sub-
. ‘ ;
jects that are related.tp how they perceive and act in prose learning (read-

ing) situations will also interact with questions. Some evidence for such

interactions was provided by Shavelson, et al. (1974). Like most/experimenta-

lists, prose learning researchers have for the mést part ignored individual

difference variables. The inconsisgéncy in results noted herein suggests that

researchers do so at their peril.
v

-

Most of these criticisms relate to the nature of scientific rescarch «
and how such research should be reported and described. Good research and

good science begin in careful observation and description. All of the soph-

) . : S .
isticated techniques of modern educational research ‘are useless without these
characteristics. Careful observation requires thatthe conditions of a study

be noted as tully as possible. Such conditions include the nature of the
© Ld
subjects, and the nature of the experimental materials. [t behooves researchers

to find out as much as they can about subjects, materials, and so forth. As

.

[}

an cexample, how many' prose researchers know how many males and fehales parti-
>

ciputcd.in their last study-or what the reading difficulty level of the

. - ’ ! . . V
material was?  Caretul description requires that su%h descriptive-data «bout
v

the conditions ot the study be reported. Unless such dirta is reported it s

)

i ’ ‘ 4 _ ‘ (
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- .almost useless to.report the article. Journal editors and reviewers bear

: . . _ »
. : a major portion of the responsibility for insuring that such information , = -
about research is available. - , U

N 1

The point is not that such ggta is necessary for understanding a
particular study in isolation. I agree that such information inay be irrle-
vant to the hypothesis of a particular study. In fact, the hypotheses of

an experimental study usually can be tested without knowing such information.

Rather the point is that to intelligently relate, compare, and integrate dif-

~

ferent studies invé;tigéting similar but different h}pothesés with different

Vsubjects and ﬁatefials, sﬁch Aesc}iptive data is essential. In géneral,
edqcatjbnal ana psychologiéai;researchers in the prose learning area have
done a bad job of reporting suéh informafign. .Cértainly integ;ation of the
level-of-question research would be facilitated if such informatiqn were

known.

Towards a Model of Productive Learning From Prose

_—

The purpose of this section is to present a model of productive learning.

The model seeks to organize what is known about question level effectg and to
describe how information presénted in prose is assimilated and stored in
.cogniiive structure. ‘in_its current form, the.model is prfﬁitive and some-
"what specqlative. I envision it as a guide for future thinking and.;psearch
rather than a complete formal description. ‘Researcﬁ_onlprose learning and
the use of qucstidns in prose has been mostly empirical and non-theorétical
in nature. Oné value of the proposed model is.thut it qaﬁ serve as a theore-
.tical guide for tuture .rescarch in this arcé; ~The model is certainly not a
uniquc contribution on my part as it draws Jbon ideas and representations
T trom a variety of sources. These contributions are notchheiow: 'Liyé most

current models of-memory, the present model views the learner as a complex
. / ' R .

. ' N . / e . . N . .
information processifig system. The basic structure of the model is illustrated
- .
in Figure 5. The now familiar features of such madels: sensory registors,
.o : -
Qo . 1o
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short term memory, an executive, long term memory; etc. are present. " These -
structural features are highly ioterrelated, oonnections‘are shown between
long term memory ' and sensory reglstor Slnce schemata store -in.long term
. - memory day be assessed and used in the pattern recognltlon procedore ] The *
I"short~term‘memory is oonceptuallzed someWhat differently than i; the original
‘-waugh and Norman. (1965) and Atkinson amnghiffrih (1968) models.' The short
_term Store is ‘considered to be the place where currently thought about 1nforma-
tion is stored and ‘1imits are not placed as in the Jamesian notion of conscious-

1.

ness'(James, 1892; see also Shi ffrin § Schneider, 1977), upon the nature or -
type of informatiOn in STM. '
- .
The model postulates that the human information processing system con-

- ’tinually receives information from sensory receptors and carries out various
prdﬁrams of processing upon such informatlon The way in which such information
is processed is determined by both the nature of the incom;ng information and
the;oonteké in which such information is received. Context is used here to
de51gnate tﬁe other 1nformation ‘received along w1th a specific item of 1nfor-

S mation and/or temporally or spatially contiguous or adJacent with such 1nforma-
v , tion or 1nformat10n retrleved from memory as a result of such information.
Such'other ;nformation can include sensory information received slightly .
o before the specific item of informatiod to be brocessed, internalniﬁformation
,activated in response to incoming information, internal information related
to-iotcntiohs, beliofs, attitudes, and goals of the information-processer.
A specific example involving reading may clarify this notion. Consider

a case where I am reading a.section of an encyclopedia in order to obtain

the scientific name of a certain animal. I looqu)cfﬁgdoction'using a common

‘name I believe correct, but find that I have an article on a related animal,

In reading this article to discoVer this, 1 find that the article presents

e common nane of ‘the animal. it concerns in the first sentence. I'he second

ERIC | ‘ . | | i,
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sentence contains the scientific name. Other sentences in the article
describe the animal and also include references‘to other reldted animals.
In reading these subsequent sentences in the first article, I find I have
the wrong\article and turn to a'second article in the encyclopedia. While
reading this sec9nd article, I, as an information processer, have severei
complexes of informatibn influencing my interpretetion of what I em‘reading;
To illustrate, I am influenced by (1) my intention to find a scientific
name, (2) ny previous knowiedg%'of scientific names such thet they are often
Latin an& italicized,.(Sj thelinformation about the orger'of information in
-thé.initially read article; I nrobably expect the'scientific name to follow
. the common name, (4) my uncertainty that the common name I have looked up is
&£ correct. in reading the article I will probably scan to find the latini;eé
italiged scientific name, and further scan to verify that the animal I am
reading about is tnefanimal I went._.Were any of the above items of inferma-
tion to change, my processing of the article quld change.

- . The information processing.system is further conceptualized as containing

_at least two distinct memory stores,.an episodic memory and a so-called

. semantic memory (Tulving, 1972).: As Tulving has argued, the episodic memory
'contains nemories_for the perscnai‘strean of events enconntered by the infor- .
mation-processer. These memories are organized spatially/temporally; that is
they are tied éb piaces and‘sequences. Such ecvents are not. represented in
this memory in the form«in which they were input, rather epigodic memory ‘con-
tains a reccord of events the'systemrhas interpreted (encoded in current
cggnitine jargon). . o X
D Like Paivio,’[ believe that the system can rbpresent‘events either imagin—
ally, that is through the visual information processing system, or verbally
through the auditory information'processing system (Paivio, 1969, -1971, 1974).
k[n tact i would probably ge further and suggest that the rcpresentatien may
he in terms of any sensory feature depending upon the original interpretntion
Q , . | C
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by the system, bht,thls is not crucial to the’ development of the model.)

+~The notﬂah that eplSOdlC memory contalns st@red 1nterpretat10ns is not new

and in a sense represents one problem for the model. One ‘task for model
>};?$o describe jUst“when incoming information.is interpreted enough to be
‘stoned in episodic memory. What I tnink happens is that the syetem sto?es
information that it naS'made sense of (and ﬁerhaps the notation that some >
o
informatjon was not interpretable). Of course this belief means that I
must describe precisely what "making, sense" is‘in.terms of ohe model . . Since
this problenm is noo central in the present context of developing an aocoont
~of learninghtﬁrough reading, I am going to say that episodic memory contains
i . a record of stored perceptions and teﬂgororily leave the problem of perception
in the hands, of theorists whose central interest it is (see for exampld,
Lindsay and Norman (1973).‘ €onsiderable progress toWafds an information-

’ . . : £
processing account of perception has been made.) ‘

Semantic memory contains the system's abstracted or generalized knowledge;
The contents of semantic memory are concepts, principles, rules, skills!etc.
that are,broader'than specific episodes. Under{the present model semantic
memory ie broader thon whaf man}‘theor;sts’haué‘heis;fo beléemantic memory .

It is the repository of the knowledge that makes comprehension of input, not
. ¥ ‘ . :
‘simply linguistic input, possible. This dopception is congruent ‘with recent

-

descriptions of semantic memory (Anderson, 1977, Rumelhart & Ontony, 1977).

Specifying the nature ofthe content of semantic memory has been>d pro-

é
blem to WhLLh Lopnttlvc psychology has devoted considerable attention. A
)

number of stterent models of semantlc_mcmory have.bccn proposed (Anderson
& Bower, 1973;‘Colilns & Loftus, 1975£ Collins & Quillian, 1972; Kintsch,
1972; anelhhnt, g£_31_1972;.Rume1hurt & Or;ony, Norojo).ln gonerul, such>
models represented semantic memory as a.network of‘interconnected‘ideas.
Networks contain nodes and connecoions between nodes; Figures 3 and 4 contain

visual representation of networks. One major set of diffetrences between
Y
Q . o -
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‘proposed models of semantic ‘memory seem to be primarily in the nature(df the

'elements' contained at a node and the nature of the Connections'between nodes.

- A second controversial area 1nv01ves the extent ®o which concepts are hier-
archically organized and redundancy of 1nformat10n associated Ylth related
nodes is perm;tted. Since this second controversy is not qsseﬁtial to the

. current preséptation, it is'sidestepped here. o

:The question of how knowledge is represented in semantic memory (What
is at a node?) is very important for understanding the effects of higher-level

questions. In my estimatian, questions influence the nature of the: repre-

N

sentation formed when subjects ‘acquiré new information in semantic memory .

* Previous models have}presented two general means of representing knowledge

within semantic. memory. The most common scheme is to have each node-repre-

t- . . I3
v . .

sent a concept to which are associated vqrious features (other concepts).

The connections between a given concept and other concepts are of dlfferent

types Lalled "labeled d1rected relations.' Examples of systems possessing

this type of Organization'are Rumelhart, et al, 1972j Kintsch, 1972; Collins®

and Quillian, 1972; and Smith, EE.El:’ 1974.

: . . - '
r o . . .

Within this type of feature system one of the debatable issues is whethgr
the features areg entirely‘linghiSticﬁor whether they can inciude sensory-
imaginal informafion. Anderson (1975), Andérson and Ortony (1975) and
Walker‘(1975)‘have argued for tﬁé neceséity of sensory iﬁformation being
available to éemantic'mcmdry. The present model similarly aaopts that posi-

tion. ‘To handle sensory information the present modcl argues (51m111r1y

;

to Lockhart,:gg'gl, 97&) that therc can be connectlonq ‘between qcmuntlc .
3

memory and episodic memory. In the present model, scnsory information is

"’ : - Te - . ) ~
represented as being stored as episodes in episodic memory. As part of the

. B . 3 :
process of acquiring new concepts connections are established between
episodes and the labels given them. The labels form an entry to semantic

memory.  In this way certain kinds of sensory information can be available
. . . !
\)’ " - ' ! 'i [
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"l

or accessed from semantic memory. How and when -this information is agcessed
' ' W

or used is discussed below.

" The other general mechanism that has been used to represent a concept

. C

in semantic memory is the schema (Andereon, 1976; Rumelhart & Ortony, 1976;

Schank, 1975). As used by various authors, a schema represents a'plot' which

contains variables. The Rlot\represents the constant features of a particular

R

concept while the variables represent the changing aspec# In recognizing

a concept the variables are instantiated. The schema contains information

about the typical values that variables in the schema may take. These typical

values may be used in the schema when the actual values are“unknown. In

computer terminology.a schema is a kind of catalogued procedure.

4

To get an idea of how a schema operates to producefuﬁderstanding consider

the following story: The man entered the door. He examined the loaves angd

N ‘ * : N 4 i "
selected one. He realized he had left his_change, so he returned and got it.

At a surface level the story is dlsronnected and the sentences are -not
necessarlly related to each other. _ Yet most readers quickly recognize the
story as one about a man buying bread in a grecery story: In ‘comprehending
the storyjit"is likely that readd#% frll in details ‘1ike shelves, cafh i
registers and clerks. In the view of schema Fheqrists, recaders have a”buyiag"
scheéa which coo;dinatu- the separate information from the sentences of the
story dnd also- supplles the mlscln& detA11< The.schema subpiies aftheme

. ‘ »

that mdkes sense of the*stlmulus story.

The importance of such integrative schemata is demonstrated by
Dooling und-Lﬂchman's (19?1)‘researcﬁ'on ambiguous stories . :Sugjects~giV0n
the theme recall the stories berter. As an interesting demonstration that
sahjects,dn search for integrative schemata, I have used the Dooling and
Luchmun storreﬁ, which are very ambiguoue, as class demenstrations. Ver}

often at least one or two students (out of 150 to 2()()) g,enerdte the appro-

plldtv theme on thoeir own.

"}u
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_} It is this sense of schema that Bartlett (1932) and other c1assica1

u

schemata theorists were describing This. conception of schema also'is
congryent with Neisser's notion‘of reconstructing dinosaurs (Neisser, 1967

P 285) The example also: 111ustrates what current theorists mean by

schemata-(Anderson, 1977; Rumelhart_and'Ortony,‘g977; Bobroy and Norman,.

1975). : \ - ' .

A major difference between the associated feature and schema approaches

has been the extent to which the concept posSesses'particular defining fea-
. f . ' - .

tures. Under the feature view, the concept is be1ieved to have a set of- -

gfatures associated &}th it that are true of eVery 1nstance and are usedl

v,

to determine if a particular instance is an 1nstance of the category.

\ —

These features can be called defining features (Smith, et al, 1974). The
_contrasting schema pOS1tion is that concepts do not have defining features

" rather 1nstances of concepts possess a family relationship Anderson o
describes this family relationship by saying that concepts possess only
characteristics features, not defining ones (Anderson, et al. 1976 p 668).
This latter conception of how a concept is represented in semantic memory

"bears certain similarities to the concept of a fuzzy set (Zadeh, et_il,

RN
b3

-1975).
| In the Rresent author's estimation, there is no real.conflictfbetmeen'
- these pogitions. i argue belowathat the nature ot‘the'representationiof.a
concept in memory is determined by the kinds of tasks that the subject is
called upon to perform with that concept., ~Certain kinds of’/;sks lead to
the developmcnt of either relational features to other concepts or to the
developmcnt of catalogued prOccdures A partlcular concept, printiple,
idea may have multiple representations depending upon“the subjects past

experiences’with this concept. The proscnt mode 1 adopts the general net-

work ncprvsentatlon adoptcd by mOst authors. ' This typc of representation

ERIC | | 1
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is almost necessitated by the obvious facts of the interconnectedness of

ideas. Each node in the network represents‘a concept, principle; or skill

or other idea. Each- node -in the network ¢arn be connected through labeled
associations to other nodes, to instances of the node in episodic memory,

: s o ‘ : .
or to catalogued procedures that represent particular processing operations

. X Lo oo L '. i

’ o - : N 4 )
that may be carried out on the information.yelated to the node. In

addition the system is assumed to possess some general reasoning capabilities
N : , -

that can be:applied tojinformationfconnected Wifh da node. Whethérra particu—
lar node contains any given kind of connection will be determined by the
kinds 3f tasks the learner has performed in the de;elooment of that node,
Thus semantic memory is a’kind of historical record of processing the sys-
tem has carried out. If the learner_hae\been asked .to relate a concept to
other concepte om:iofofoduce verbaliaat{ons 3%7defindngfchanacteristicgéeEﬁen'
vthe'renresentation in semantic memory will contain those type of featureéC

If the learner has been aékéd to recognize unfamiliar instances of concepts,
then he will have’a schema (catalogued procedune)}for.doing so associated

-

with the concept node. If the learner is called upon’ to 5erform-a task with

a particular node and the necessary information is not avaﬁiable'in semantic
: 4,
memory, then the system will apply its-general réasoﬁlng powers to the

eplsodes assoc1ated w1th the concept and” w111 attempt to carry out the task:

Baslcally thls model arguee }hat the contents of semantlc memory for 4’

t . a ..

pdltlLuldr node conta1n the reqults of the varlousfklndq of” proceéqlng opera-

: I

/

1

tions that have been conducted~with that node. These contents of semantic

v
14

' . T W S S .
.memory partially determine the kinds of tasks the subject can do with the
. ' o ; S

node; ‘but the subject is also aole.to fall ch&_on general reasoning .powers

to ‘attempt new tasks. : N

"Ta make this more explicit, let us trace throngh the development of a
{ »

J

partictlar node in a semantic memory. Let\hs choose the principle of
intermittent rejnforcement as the to-be-learned information. DPrior to

| | » [ '

e
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-

ach1r1ng ‘this pr1nc1ple, the,learner has information about prerequ151te

concepts tored.in memory. He knows what reinforcement is, what 1nterm1ttent

means, bha extinction is ete. What he has to acqu1re is (1) the verbaliza-

tion the 1nterm1ttent reinforcement leads to re51stance to extinction, and e
(2) the ability to apply thishprinciple to predict or explain particular

situations. In teaching the concept the instruction presents a verbal
definition of ' the concept, and some examples of the concept . These events -/

are stored as episodes in episodic memory . A node is also initialized in

semantic memory, but all the node contains at this paint are pointers to the.

o

episodes. The node can be dccessed by the name "principle of intermittent
reinforcement" and also from the examples. Figure 6 illhstrates this state
of affairs. (This discu5510n assumes the learner is successful in acqu1r-.

1ng all presented 1nformation, of course he may fa11 ) The model holds that

,‘-. 1

storage_of eplosdes tied to a retrieval cue is the necessary precursor to

the development of a node in semantic memory. However the episodes may be

i

lingu1st1c (presentation of a rule), descriptive (Verbal description of an

example), or 1mag1nal sensory (presentation of actual experience) For -most .
A}

[

real life concepts: the initial episodes are probably ‘some combination of

/ i

‘these’.’

Now let us assum¢ that the instruction asks the student acquiring the

" principle of intermittent reinforcement a question ‘about the defiftition of

the principle. The student must state the rulg. To accomplishithis, the
student accesses the appropriate node through the name, he then attempts to

locate an episode that contains the verbalized rule, and then attempts to

repeat it. Note that the episode does Hot contain an exact copy of the rule,

‘rather it contains what the student has encoded when first given the rule. *

. . . -

. . . ' \
Assuming the student locates an appropriate episode, he operates upon the

content of the episode to produce a verbalization. The operation upon

some contonts of episodic memory initidlizes a change in Semantic memory:-.

.8

. : :
, - . | ‘)‘

L
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a representatlon of the verbalization is entered into semantic memory If

)

the subJect were unabIe té retrieve an eplsode in eplsod1c memory that

AN

conta1ned a~verba11zat1on of the concept but was able to retrleve one or . -~

y

" more eplsodes conta1n1ng presented examples of the concept then the learner

“JVV; might apply reason1ng to the. examples 1n order to construct a verbalization.

-

”In thls case, a representatlon of the verbalization based on ana1ysrs of ‘the < -+
eaamples wauld be: stored in semant1c.memory ‘In this latter case, hOWever,
thellearner.would have had to try to isolatebsome set of commOn features
across the examples in'order»to.develop'aiéeneralization. This ana1y51s
might also lead to the storage in semantic_memory of a procedure for testing
‘new 1nstances to determlne if they are examples or not. «This Iatter process

is a,form of what is called discovery learning; Flgure 7 111ustrates the * 8

~

R sltuatlon after the 1earner has produced a verballzatlon

The development of.a procedure for test1ng new examples can also be

N

fac111tated ~asking the learner’ to recognize new examples, as in the Watts
;*v,‘ 'andaAnderson (1971) study. Presented with an application question the learner
must retricve examples,’isolate common features; develop a system for testing
new examples, and apply it.to the presented"new examples.' Thislprocess ulso

leads to the storage in semantic memory of a procedure for testlng new exam-

.

ples,_dnd Lf successful would increase the learner s ability to recognlzc
other new examples. lrgure 8 111ustrates thls state of dffdlrs ,It can be
floted that in this cuse the -learner has ucquired an ability to acquire: the

principle through expository learningf- : o v "
The procedure for testing instunces that the subiect deVelOps lel he

‘u,slmple or as complex as necessary to integrate the pre esented examples and

non—exumpdes. If a slmple rulovw111 relat the exumples fhe leurner has |

stored in his episodic memory, then a simple rule will be stored. in semantic
memory . L the pgiven examples are dispurute. and bear at hest-Whut *Anderson

et al (1976} call a tnmlly relutlonshlpu then the Ldtdlopuvd tosting
o | . : : , »
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* procedure wili'refleot this complexity. This ﬁotion.'thatoﬁt.is procedures

for doing an act that are stored in semantic memory is, qot new. Nelsser (1967)

has argued for:such a position. Moreover the position has ~some 1mportant

S relatlonshlps to Osgg§d (1957) ‘notion of meanlng asiry 1f we. take "m to be

i( . i ,
’ © the process that producey a response 1nstead of a copy of a response<'1§{hally

of course the idea relate back to Bartlett ] (1932) and James' (1892) ideas

-

. about memory.

++ If a learner is asked to'engage'in othér:types of tasks while learnihé

\

a concept, prlnC1p1e, skill or other 1nformatlon the klnds of features laid" -

down in semantlc memory w111 reflect what the student has done w1th the '

¢

1nformat10n VLE the student is asked to relate-the information to more

inclusive information (i.e., as‘yith advanced organizers) then subsumatory

connections ‘will be formed. If the 1earnerh=is required to evaluate certain

o ::-’ , “ L [ L
: Wy ade . IR

‘kinds of‘inFOrmatioh ‘then cvaluatlve featureq (or achemata) will be toxmed
The model that is being proposed can now be summarized. (1) The learner

is cohceptoalized as a complex information processing system. (2) The infor-

to. . . . - . . i
\\\;mht1ou processing system contalns,two types,of long term memory, CplSOdlC

and semantic. LplSOdlL memory Lontalne ncpresentatlons of the events CHLOUH—
tered by the system while eemantlc memory contains its generdllzed knowledgo'
)
Thele are Lntlmfte reldtlons betwaen semdntlt and episodic memory (3) Most
_cducuttonal tasks require that changes be made in thg learner's semantic
memory. (4) Semantic memory is best represente& by a network model. The ' ‘
.
network contains nodes,‘lubeled directed connections betwcen eodesy and
catalogued procedures. (5) A new node (and capability) is developed in
semantic memory through a two step process in which: a) relevant episodes
are laid down in episodic memory and associated with a node label, and
: _ ‘ - . Lo ’
s b) the learner attempts to perform some task involving the node and the
1 . . ~ ‘ ' ’
‘results of the processing performed in the task are connected to the node
in semantic momory. (6) Because the vesults ot operations pertormed -on a

\)‘ ' e . A .

,e - - .
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node are-stored in semantic memory, semantic memory: is”in a continual state
of evolutipn as the learner uses nodes in new situdtions or contexts.

.. \r..": . . B . o ) ) .

»

\"lfTéeems to’me that é?model-along the hnesvsuggésted here'serves to

organize and lend 1nskght 1nto a number of d1sparate areas within - 1earn1ng
. N

and 1nstruct10na1 psyChology . F1rst the.. model does a- good JOb of hand11ngh'

. h,”_i 1o '(i;

the etfects of queStions.f 1he model easily 1ngorpdrate% DAM by arguing that

the effects af broader quest1ons dur1ng 1nstruct1on lead to an enr1ched trdCe
'n . ‘

~ in episodic memory Wﬁen the final retent1on task 1nvolves s1mp1e rccall of
- - _“'-'...

the, presented informat1on, this‘enriched trace proyides for_mgre,reC314;

Such an enrlched ep1$od1g trace would dFJCOursé?'occﬁr only if the subject

St
- e

.;11m1ted process1ng to that material needed to handle the current task.

The modpl can also ‘handle the"effeqts of higher level qugstions when
higher level outcome measures are employed: Such questions serve to devélopv

-
ot an ‘| v

the scmdntlc memory 10p1escntat1on dlon& certain 11nc .. In addition the- ‘/‘
SN oo
wl b
-model is notfembarrassed by failures of higher level questions to, produce
. ) 1 . ' : - > ' " [
# higher level outcomes. - The model~arghes for a large number of stages that

‘must be Lomplotcd it an adequato semqnt1c memory ropxesentdtxon of the

[

~

o concept is “to be tormed A fa11urc of proce551ng can‘occur at any ot-theSc
. . ‘
stages. Boyond sxmply mllowan for faiiufo, nhe'modpl allows prcdiqtion of
thc.kinds of failure that &hn'occur? While fhésc.uré mumérbus, they are.
also nssésénhic providing a means tor teétimg_predictioné frmm the model.

(Since the model urgues'thgt'thﬁ semantic memorygtrace is Zcpchcnt on

v

the nature of the instructional task, 1t can handle effects like those
d;ﬁcuRScd hy'Muycr-(f975; 1976) in which different instructional treatments

that. emphasize ditferent kinds of “tasks were able to Tead to diffevential

il

‘supériority on near and far transter. lue modc also handles the Kinds of
o meaningtulness et fects described by yyoff and his associated (Royer & Cable,
kY l,. . \ LY K . . . .
. g o , , .
“lorkins G Royor, 1976% Note & . puanytulncsu tlnm the V\vanlnr

o

> model veférs to'the learner's
. . - ‘ .

ST ' ’ N
. i L% e . .
. e . ,
B : /
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- [ .
being'presented.ﬂ'What Royer's work has shown is when the learner has
little prior knowledge aBout a subject matter (Royer's complex abstract

: -0 ) .t : - b
'passages) and the term's used in the passage access relatively empty nodes

4 [y

in.semantic memory, presenting prior information dhout these nodes enhances

learning. Accbrding to the model, this should happenvsincéfthe encoding

of the information presented in episbdic memory will"ﬁf strongly influenced -
by how well the ,subject can encode or interpret the prQsented language. o

9

‘The,model.would_handle other kinds df meaningfulness effects (thnson,-1975)‘

similarly. ' . ' Lt \
L . y e \ . .

: Fe 0 ,
_Anotheér variable which should influence enéoding of \episodes is imagery. g

“Imagery haS;bCen“shQﬁn to enhance retention of presehtedftnfbrmation (Paivio,

. ‘ ;
1969, 1971, 1974; Anderson § Hidde, 1971). However the effects of imagery

i

- (1A -
have typically been weaker when prosc materials have been used. Moreover no

study known to the author has even examined the effects of imagery when more

than repfodhctive recall has been requifed. ‘Under the model being outiined
hefe, imaéery would have its effect Ey influeﬁcing the ease.withbwhich epi-
sodes can be remembered. _Episodes thch‘are_ﬁore inid are remembered bétter.
Thus, -the modelApredictg that\the effect of ihagery on productiveﬁlea;ning

(lédrningﬂthat goes beyond the information given) and retention will be in-

direct. Imagery effects episodic memory, but not semantic.. .~

‘The model has some interesting things to say about diséovegy and exposi-
o . . "-.'\ 0

téry teaching which were alluded to above. »It.sayé that by appropriately
choo "'ng tasks -both éxpository and discovery method; can lead id‘tﬁc same._
instructional outcomes. The mqthods differ in'tﬁe timing of certain kinds
- of processing, but both methods caﬁ"produce the‘kinds of proceésing that
lead to idenfical representations in semant;c memory. More specifically, Cor

in order to learn a concept by discovery or by exposition, the learner must'

still process cxamples so as to construct a schema that allows him to test

<

w1

N .
\) v J
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‘new possible instances. Comparisions between specific discovery and

expository procedure$ in tefms of outcomes are not relevant to any general

a .

. s .o ' .
comparison of the methods, Flnce an outcome difference merely means that
.
the particular procedure used did not lead subjects to do the necessary pro-
. cessing (that finding would' have practica} meaning however). A test of
v N . .

the methods, in general, WOle first have to show ‘that the compared procedure

” ° 4 ¢ \ )

produced identical cognitive outcomes, and then would compare the efficiency

: s |
of the methods. ' ’

,

I -think the model is quite congruent with laboratory research on
|

concept identification-construction. Current conceptions of that research
. # ’

E emphasize fhe roles of hypothesis testing and changing during learning

(Kintsch, 1971; Levine, 1966). In terms of the present model the hypothesis

‘can be considered the output of the inferential-reasoning process applied

L -

to presented examples. This hypothesis is-modified as the system receives

more information in a feedback episode, more examples, and has to make a
{ . ¥ .
response again.

processing analysis of feedback effects in meaningful learning (Kulhavy,
1976, Note 3 ; Phye, 1977, Note 6). The model sqggests that the'feedback'
epiéode will have an effect only- if the subject attempts to use it in sub-

- sequent responding to the ﬁfoblem. Very often this is true, certainly in

- most concept.identification studies it is true. However in many educational

¥ o

situations and in much of the DRE research the learner is 'certainly not
“ instructionally led to re-respond after the feedback episode. The current
model suggests that the effect of feedback will be greater if the learner
were.
o
The connections between cpisodic and semantic memories in the model

give the system access to sensory features and make analysis on the basis
’ .

. of sensory feat@res possible. Anderson (1975), Anderson and Ortony (1975)

O et e b e e e e B S R
ERIC™ | | , .,
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The model 'also relates to the literature on feedback and an information-
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e
énd Walker}(lQ?S)vhave profidéd evidence of the nécessity fdr-such
capabilitie§ in the system. However thc1moae1v$akes some predictions that
those agthars did not consider; Walker (1975) fof example asked subjects T
to asséSé'whether or not particular objegts'wefe in fact reasonable category

members. Thirty pound turkeys were one of the examples used, which were on

the borderline-of reasonableness. Subjects took donger to'make judgments

about items near the borderlines than items distant.from them. Anderson

(1975) has argued that this result suppoxs an exemplar cohception»of judg-

o

) s
However, the present
-

ments. This is compatible with the present. model.

|

model goes on to predict that subjects might not use anﬂexemplar.basis
to perform the task a second time. The first task might have.effected.
changes in semantic memory such that they encoded that 30 ﬁound turkeys

‘were unreasonable (or reasonable).
The model that has been presented is certainly not a completed'théory.
. S \

Rather it is better conceptualized as a set of generalizations that need to

’ 4

= v
be formalized and made specifically operational. In addition the relationship

between the c@rrent model and other current conceptions need to be explored Y%

more flilly (e.g., Anderson,f&975; Pask, 1975; Scandura, 1977; Wittrock, 1974).
The pffnéiple value of these assumptions is to serve as a set of guidelines -

for reseafqﬁ"on prose learning. The model leads to some general expectations

N P

about the-kinds of effects that instructional manipulations can have. These
,expectatiopﬁﬁcan be formalized and tested in particular cases. In a sense, _
5 <5

. RPN : o ,
the model I have presented is similar to a schema as discussed by Anderson,

‘*gﬁ_gl (1976), Rumelhart and,Qrtony (1976), and Schank (1975). It is really‘

a kind of abstract plot which can be particularized in specific situations.

" "As ‘such it can.serve as a guide to future research, but that future research

i :

should also serve to flesh out- and make more specific the more vague areas

of the model.

’

3
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