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ABSTRACT
The relationship between placelent of adjunct . -

questions in instructional ‘material and incidental-and intentional

leariing wvas investigated. A total of 150 undergraduate students

assiqned to five experisental groups studied ten paragraphs with

questions interspersed at different lccations in the text.

Performance on incidental items was significantly lcwer .in the _

question before (Q0B) than in the guesticn after (QA) , question before

and after (QOBA), and the no-question {(NoQ) groups. Ferforsance cn

intentional items by the QB subjects was significantly lcwer than the

OA and the OBA subjects. The resultes also stggest that the QB and the

QA effects of questions combined additively to produce the '

‘performance of the QBA subjects. A surgrising finding indicates that

although performances differed between the CE, QEA, and QA co Aditions

in the immediate recall task, post reading perfcrmance of thedfiA .and .

OBA subjects became equal and above the QB subjects. This nmay mean .

that depth-of-processing is the relevant oreration ‘to focus urop.

Educational implications are discussed. (Author/RD)
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A. total of 150 undergraduate studenbs randomly assigned to ‘five experimental
groups stuf/e

7
d ten paragraphs with qu&stions interspegsed at different ¢
o { I3

@
locationswia the text. 'Performaan'qn incidental itemslyé

e

s~significant1y !

-

.ﬁb“ f,w’" ) , 1
lower- (p < OS) in the,question'béfore (QB) thnn fn the question after (QA);

question before and after (QBA), and the no-question (NoQ) group

on intentional items by the Q& sub]ect§ Was significanti&(lower

than the:QQ and the QBA subjects.

' The results also sugggst that (a). thg

QB and the QA effects of questions combine/additively“to prodnce the
39 Q" 3

performance of the QBA subJects, and (b) the attention operati?p 1s equivalent

4 -~ 7

acrozs conditions for intentional items, butadiffers 1n retentibn operation.

This ‘may mean that depth-of—processing is the relevant operation to fochs ’

b o -‘)
upon. . E '

S
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?[ Performance.
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Additive Effects of'?re- and Po‘FFAdjunct Questions in Prose Text

Background’ /o R ' ' 7 "‘. /)

Under certain' conditions ‘the incorporation of questions in instfuctional -

"y i

material (i e., adjunct questibns) facilitate the amount learned frpm text ;

3

?ﬁ,eir mathemagenic broperties (Frage, 1967; l968a, 1968hb, l968c,

~

» Rothkopf 1965, 1966 Rothkopf & Bisbicos, 1967; ‘Rickar,ds & DI Vesta, 19—7’)1‘) o
The typical experimental paradigm»involves)Placing questions ‘within (inter— ‘
spersed) and immediately éefore (prequestioning),,or immediately after -

(bostqueséioning) a passage. The control (or cbmparison passage) contains
Cf&he text‘materigl without questions. Following the reading Ofgthe passageﬁ

! v B
’: - ’ vw

a posttest is administered to the 1earnér. ‘The ‘test is comprised of quesfions )

- N

ooe . ) B » . L :
about he’ﬁaterial encéuntered within the passage (Intentional items) and N\

J [ i llnewl

] / questions about the material (Incidental items) The repéated questionsfz
-~ o ' 9q 5 /
?%@3 measure the amount of intentional learning that takes plaék in the sensé ’
g .
" that

the information elicited parallels that deen?ﬂ im%ortant in typical ’ P
claE room situations. The "new" items are sampled from what is psychologically : .

. .
; . /
’

°»Kno ing the answer to the relevant questions dﬂes not necessarily imply a 3 a e

3

%

ew" items test the acquiSitnj S

)
. o

L #" TR 7
B 4

2 .
owing the answers to the ''new" items. . THe '

- of [knowledge which;is considered by the aut 'rqof theﬂtext terial‘to be {:' 'gﬁ
{ pe ipheral to the instruction l objectives efined bw the in entional items.’ n; é?éﬁg
. | A 7 » . . ’ ’
Herice, theyyav; considered as measures. of'incidentalkleatiing ‘ ‘o 1;i. e
B ’By varying;lrélat}.ons %etween questioned and nonquestiOnecL material, / \ 'I"Z D
N . . G

L l arning behavig;,anq COnsequent outcomes can be controlled or shaped

. . /J L *iw .

"lﬂﬁh&poﬂtquestions can modify mathemagenic behaviors,fby extinguishing
“)

;: T, i AN . :’ - . ' . .
) ) yom ; ( :) “.‘u’»_-’ } - s . K .. 2 ’.

A
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‘ increases in sézzess on intentional items and progvess1vely decreases in

%

‘ A . : ’ i
that postquestioning has. Positlive effects on intentional items, but not on;”

such material is essential. ‘Since the learner s supjective interpretation.

. B . - ;_ . . M
ot L e . .
. . . o s
. [} ) . . . - .

O R © . . % . Additive Effects’

o . b . : . . ’ [
. ) , ! 5 3
inspec ion behaviors which fail to result‘in Dearning the requisite skill

0 "
for fulfilling the task demands, and Hehaviors which result in successful 4 } )
' ‘ ' &) . - : -

perfprmance are strengthened N O . . : ) : . 8.

Under postquestion conditions the learner capnog a ticipate the question\s)
\ 1 "’ ! "'

_to be asked Accordingly, the entire passage ‘must bé'read carefully. If o
. " ’ v

careful reading haSJresulaed in successfully answering the postquestion, Co.
g4 -8 3
then the probability of reading the next passage in a similar manner will be g

increased If it has resulted in failure to answer the question, other

modifications will be'made in an'effort to eliminate inappropriﬂte-feading

/ 5

" behaviors. Postquestioning becomes progressively adaptive with progressive'

Y

r' . . 4

success on°incidenta1 items. -

of,

o ' e o

‘incidental items have been reported by. a number‘of investigators (Rothkof
l966 Frase 1967 l968c, Frase, Bat{;ck & Schumer,’l970 Anderson & Bi

l975 Rickards%jl976) Presumably, they setve as cues_to 1dentify releyan

«

i {

NN : . o s
not related up answering the questions (Frase, l968a). : N

the learner. It implies that all dnformation within the passage is equally -

- ~N
important, and the adoption of gePerally successful methods of dealing with

LY

of‘the'learning task influences his/her objectives, all ‘material within the
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.an‘adjunct question can be\usedfbylthe learner to degermine'whether o

_,operations (Boyd -1913) (a) attention, that is, th gnmcess of puttipg

14 . v

objectives) for purposes of investigation. - R

Fromathe framework of the cybernetic mode1‘oflbehavior (Frase, -

r

\ . ) .
achieved behavior. (what thé student places in memory) coincides with the.
. e ST i g

criterion of acceptable behaviors (the correct answer). Thus, a 1earner\‘.
g‘ .

confronted with a question will proceed to//bad the paragraph to find the

answer., Failure to do so generates an error signal (negative feedback) N

k - <
The error signdl has the effect of requiring the’ 1earner tg alter, the strategy

'-applied to subsequent’ paragraphs in order to find positive feedgack in_ the

.

nform of meet1ng some (externally or interna11y imposed) crIterior irdjunct
f

question., therefore, are more than nomina1 stimuli. They becone e ective

stimu1i directing the students' attention to those responses necessary to

[ . o

correctly answer the question. Furthermore they increase the prgbability

that {he 1earner resQ?nds discriminately in unique ways and depending on(the\

implied objectives, to the-passage. ER : ' 'g_- “ EL, e N
. . ! . ., . N & » hd /i .\5 .d
Abtention and Retention Operations .Y . RN
t4 A further theote;ical framework hypothesibes the existenc “pf two ©
\ » 'd N

information into some form of storage whioh becomes operational in immediate
. oy
or . near1y 1mmediate reca11 of information, and (h)«Eetention,}thét<Is the §

I

¢ -

. ’ ‘ P
ability to retrieve the mater1a1 from storage. Within th&s view, the pre-+4
. 0 ‘d. '/7
uestion cues the 1earner to attend- ‘more to intentional material than to - !

~ L o, y "
ncidehtal material but the forgetting rate for both types oflmaperial will
N , Lo
‘,abeggﬁe same once the material.has peen stored, Accordingly, prequestions
‘ . ] M ""N - \
oy Ly - . i Ty
» - A -
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influence selective tten ion but not selective forgetting. Postque ions ™

' ; J { - U, Additive -Ef“fects‘ Ty

VAN .
influeﬁ%e attentlon ‘and retention of incidental material about the same as
. - . v - .
Y the no question treatment, but enhances retention,and retrieval of 1ntentional v,

\
w2 G e

\nﬁterial.- On the basis of such evidenCe Boyd speculated tha& the c

L

--1‘—3

° )

! of pre— and postquestions shOu d be adaitivx\in its effects.”
’ ) ; . . ;e e
T . if prequestions increase a subject-s attention ggi\in;

A - ‘
material and postquest ns vetard the rate“

"‘\
.‘forget g for’ material

-

attepded to,;{bed E/; -effect of giving a’s ;‘gf p;;ouestions w;th
‘& "

fﬁ” L identical postquestiodgkshould be to 1hcrea§£§§ ent1 nal posttest : .
by : ) ~
_ / o score’s more thimn’ a set of “pre-. or postques?]aoni mone N o) (p. 32) . .
o Support for this<view was obtained through tie* aiéur/[ﬁo find "intefaction
bdfween type—of learning and average perforgance o. anﬁeleven treatment—matrlx.

- -The presentigtqd& was dksigned to further 1nvestigate the Vzlldlty of .

‘ v 2.
- & rrecs s
o -the ﬁdditive model proposed by Boyd coﬁCerQ;ng the combined effects of pre-

- »

, ;
and postquestions. The ﬁ;potﬁesis ‘was that. the combination of pre- and post—

“
-
¢ <.

questions would result L-rperﬁormance on a posttest which was equ1valent to

¢
that of performance under prequestion aldAE plus that of performance under -post-,

\l

question alone. -~ In order to test this hypothesis adequately, several methodological

r

\K provisions,'some,of which have been neglegted in previous studies, were

3 .

: . . . = o . ‘
provided. These provisions were as follows:’ ‘ . 6 .
- %s

1. In order to-enhance the generalizability of results to a general

,.

“,7 & college populatien, a heterogeneous sampleégf college studgnts1from a variety

NS . '
o  of sourcesj were emplﬁZed.' Sampling in “the past was often mad® from a. ; |

\\ . '{‘homogeneous-t;rgef.p”-?;ationf(fdr éanpFe, c::iege sophomoreﬁ(in intfoauctorv

\ &,\v @ psychology; office'workers,,and paid vofuntee '). Furthermore, the tasks {
A : E :

-~

5




| A'd'ditJve: Effects
." " ) - ‘. . . N . ° . . o . 6 |

A : . . i

-

iq(the present Study.weré administered under naturalistic study éd@ditions.
2. Definéd procedures were emﬁloyeﬂ, regarding development of an itém
pool corresponding to a "domain" of khowledge and the placement of’ adjunct

questions within the tekt._»

3. The items for the adjunct questions and for the criterion. tests were

selected at random such thet there were thirty different forms of the test .
\ , ) . N B "' (x
‘employed and randomly adminisfered to subjects. - ‘ -
' »

. 4. In order to provide for comparison of results with other studies,.
- . » .

proVision was made for replication groupé in the design.

-
) .

-The presentation is made with the hope that séae of these issues may

attract further research on this topic for eVentual better understanding of ¥

- the processes involved. | s : "r " ’
, - Method ////‘ ’
. | B . - _ . k
Design ‘ _ Z ;

P

5 ‘ .. ’ .
/ N . ¥ . N
The 2 x 5 experimental desigh implied the use of a mixed analysis of

' CN ‘ . : ‘ . * s )
variance witg two factors: a between-subjects factor consisting of five levels
S : . «

of questioh-placement (all combinations of qusétibns before and questions

after, plus two“control, groups, i.e., "test—only" and no-questions) and a
. i » » .-A.
within-subjects factor consisting of two lepels of type-of-learning (intentional ,

-
- -~ .

and incidental).’ : ) '
AN

Subjects e ) ' - : ’

The subjects (n = 150) were volunteers from among the undergraduates

;

!

‘matriculated at a land-grant eastern university. . Some (n = 13) came from an’
/ : * . s

/
T~

.

) ‘ - ' » w .
introductory educational psychology course for which course credit could be

earned by participating in the project. The‘femaining subjects (n = 137)

.




- ’ . ’ *

a4 . Additive Effects
PR . ' ) .. ) ’ - - ‘ 7 ' '
, $ T _ :
*were students living in the university residence halls and were not enrolled
1 - Y -
in the. introductory educational psychology course. Each subject was randoq}y

. assigned, by reference to a table of random digits, in one of the five
\ . . ' ’
experimental treatments, with the restriction of recycling randomization at
W + 1 treatments. There were thirty subjects in each &reatment.

+

Stimuius Material

P -

o

A meaningful passag® of approximately 800 words on vitamins was divided

Y

into ten paragraphs,‘ each of which was comprised of seven sentences. , Each
. - - ‘ . '
sentence contained one main idea. Open-ended questions which could be
" ) . ;

~ correctly answered with one-to-three words, were constructed for each of the

_ seventy sentences.

Item Selection Procedure

resulting seventy questions comprised the populatioh or "domain" of all items

i
t

represented in the péssage{ Each paragraph contributed seven questions to

+ the item®pool and corresponds to a paragraph subpool of questions or a -

- , ’

»
¥

"subdomain" .of items. .

¥ r
- ‘

Through the use of computer text pfocessing programs,, fqrty questions
were randomly selécted from the domain of itgmsvforvthe aéjunéi questions
and for the post;eading criterionﬁmeasure. A set of forty items contained
equél represeﬁtation (n = 4) from.the ten subdomainé. The randomization
‘procedure specified the random number generator to duplicate’questions acfosé
treatments. The order of the question; in the criterion measufe was further,

randomized to reduce the likelihood that any one item could be answered

e

ERIC © - | ; o

Aruitoxt provided by Eic:



C A Additive Effects
1t ! . ’ . . N ' 8 !

» . -~
)

-(mérely because it duplicéted the sequence of material within Fhe passage or
i 1 " N L4

other similar artifactual effect: Each subject within any condition received
a unique set of questions but the same setvoqudestions appeared ‘in each

condition, and represented a replication of items across treatments. Thus,

\ : ‘ .
there was a'total of thirty different forms of .the test'and adjunct questions.
. R

.
)

‘Procedure

Students were permitﬁed to sign up for an experimental session convenient

- .

- to their schedules. An average of seven subjects participated during any one

session. Subjects reported to a;centrai area, where general instructions
were delivered by the experimeﬁter; Upon’ answering questions if any exisfed,

/ "the experimenter hianded out the prerandomized booklets to the subjects in a

R

.clockwise order. The "test-only" subjects were requested to remain behind
-only j q

- ) \ .

‘ ‘ . .
for further instructions. Subjects were required to find a roof where they

could feel comfortéble studying alone and to‘return once they finished so
) .

that the criterion test could be administered. The need to follow instructions
was highly stressed. The stimulus material was designed to be self-administered

- : ] I\
once the subjects received the booklets and recorded their time. The test-

only subjects were given" further explanation‘aSwto their role (to obtain a
y J g L . .

14

knowledge base on the tagget pﬁbulatidh on the topic of vitamins so that

: performance could be compared to the remaining conditions). To ensure that
; “ A -

1
i

subjects processed each adjunct questioh, he had to write the question (in

’f)araphrase form) as well as answer it as each was encountered. °

7 As eéch}subject finished st?dying the test, the finishing time was

A o ’ ' .

recorded and the booklet material was returned and exchanged for the corre-
- - 2 : ’ , .

\

sponding criterion measure. When both parts of_bhé.task were completed,

»

~ -

Qo | ‘ o *143‘ Fo : - S
ERIC . - o

Aruitoxt provided by Eic:
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b, ‘ ) . . ) 9

the expefimenter'inquirea if (a) their role on the task gas uhderstood,

(b) directions were followed and . (c) progressioﬂvthrough the'stimulus‘materialu

was in a forward direction on}y. If a "no" answer was sugpected, the subject's

1)

data were discarded. A random check of twenty—five subjects was made to

R N
ensure that directions were being followed. The data 9f four ‘subjects were

) dropped because the subjects were suspected 6£ violating one of the above

conditions. ‘ ' 1 . . ' N

-

At the completion of the, tasks a brief explanation of previous findings’ |
. ¢

" was delivered and an informative discussion usually follawed, giving the

expe;imenter deep;f4insight as to the processes involved.
Results
The initial question in need of'aﬂéwe;iné was: Does randomly ‘selecting -
questions from a '"domain" of items produced equivalent tests? ihe ANOVA .

¢ 1

procedures were applied to the thirty different posE;eading criterion measures
for intentional, incidental and total pe;formance‘scores'on five identical

tests. All stétistical tests indicated tﬁhﬁ the hypothesis of equivalent

1

criterion measure could not be rejected, (allwg's were greater than 0.58).
The implications are that since the hypothesis~bf equivalént_qriterion
measures cannot be rejected, likewise the belief that the item selection

~.

procedure produces eduivalentvlests cannot be rejected. éhe finding can now

be interpreted as being caused by the treatment‘to‘WhicH each subject was

\ 4

exposedf

N\
The 'test-only'’subjects’' scores proved to be significantly lower

-(p < 0.01) than the remaining scores. This suggests that the materials
were appropriate foq_tﬁe target bppulation and that any Ghange from this

- A

)

¢ [

\)‘. : ", | \ “-\ ,.‘.'11 . | . r
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- : e

base knowledge can be attributed to the treatment to which subjeets were
¢
L '
exposed, (refer to Table 1).

/Total ‘Intentional and Total Incidental Effects of Questions

' Y

The data were . analyzed using a 2 x 4 analysis of variance with two
levels of type-of-learning (intentional and incidental) and fourllevels of

question-placement. Since subjects in the no—question,conditio?‘did not ,K_

. encounter any' intehtional items, a Value equal to the incidental items,was, o

. N . -
. inserted for. the purpose of analysis-(refer to Figure' 1).

’ o ) - - € : P
The analysis resulted in a significant interaction between type—of—

.

learning and p1acement—of questions level, F(3 116) 19 96, R.k 0. 001
therefore, the Newman—Keuls ‘follow-up procedure was used to test simple

effects." Performance was significantly better (p < 0 01) for intentional

effects of QA and QBA subjects than the ~average performance on the rema1n1ng -

A

treatment groups. Subjects in the prequestion group produced signifieantly

" lower incidental 1earning (p < 0. 001) performance than all other subJecis

(RQB = 40.66). There was no significant difference. between the NoQ subJects
. o

(for both intentional and incidenta1) performance (XN 0Q = 64.08) and the QB

subjects'>intentiona1 performance (X.. = 67.83). " As can be verified[by the .

QB
data depicted in Figure 1, performamce on intentional items was significantly
higher (p < 0.001) than incidental items for all subjects (except for the
Nod treatment group, of course). . ‘

The fact that the NoQ subjects’ intentional scores were repiaced with
their incidental scores caused the interaction to be signt{icant in the above

anaiysis. The QB, QA and QBA intentional 'scores were analyzed separately

via a 2 x 3 ANOVA, to determine if, in fact, an interaction between factors

o \

<

10 v
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;,V,_i‘ : - . - - . ) “ ] ' o
_existed.», The interaction was nonsfénificant at ‘the 0.01 alpha level.: As
PR - ‘ N -
< R L
a further test of the additivity model of -performance, the intentional -

- ‘, 197' . . - !
performance was individually analyzed.using the hypothesized model in.
4 : - * N . /

~_Equation 1.

QBA _ (1)

NoQ +[(QB - NoQ)+[(QA -  NoQ)|

64.08 + [(69.7 - 64.08)| + [(79.0 - 64.08) = 83.92

y

\ -

-

The underlying assumption in the above analyses is that since each subject*fh

Ca
coa

was randomly placed in a treatment group, }he score was equally likely to };
occur in combination with any other ;ubject, therefore the above equation

c;uld be applied. The actual mean score, when calculated for each replication,
for the QBA subjects was 77.83, which does not depart significantly (p < 0.05)
from the hypothesized value of 83.92. ‘As an added check on the above additive
performance model, a test was carried ouf of the interaction component. As
would be expected, the teét for an intefaction was found‘to be nonsignificant,
[t(116; = -0.85, p < 0.001], using the error term from the total intehtional
percentage scores analysis (MSE = 388.10). The implication is that the

effect of the QBA tréatmenr approximates the effects of the additive combihation

of QB and QA according to the additive performance model depicted in Equation 1.

The attention and retention operations, as discussed by Boyd‘(1973)

v

were investigated within this study. Each subject's task included writing
the adjunct question immediately upon its encounter as well as writing the
answer. This procedure was uséd to assure that questions were procéésed.
. All subjects were found to have followed these instructions. The data were
analyzed using a 3 x 2 analysis of variance procedure, with three levels

og the between-subjects factor (QB, QA, and QBA) and two levels of recall

it



G , Ja ' Additive Effects
) 12

‘
i

gperf mance (immediate':ecall and postreading test recall). The results
are represénted in Figure 2, and bfobide Qisual'eQidénce~that éhere occurs

. . . o7 .o
- an interaction between factors (is also confirmed by the signifigant interaction -

A

F(2,87) = 4.08, p < 0.02). Sinqg the question must be answered immediately
after reading the rélevant passage and supposed}y no other event has taken
place reéuiring the subjects' attention.between presentation of stimuli and
immediate recall, performance within the stimulus material provides an
indication of they"attention" oper§tion. How well the learner has attended
to the material is directly reflected by this immediate recall. Performance
on immediate recall is nonsignificant between'tﬁe'thréé conditioés, ho&ever;
the QA average performance is somew?e; lower. . -
Performance on postreading criterion measure %g_significantly lower
(F(1,87) = 118.97, p < 0.001] than immediate recall of the same items. The
QB performance is now significéntly lower‘than both the QA and QBA conditions. !
Unfortunately we cannot extrapolate over time ' (beyond the postreading
performance): This analysis signifies that attention is equal among the
three conditions. What is not cléar, however, is if procegsigg améng the
conditions (depth of processing) ié‘;qual. Performance in the postr;ading
-.criterion‘measure indicates that retention is poor (compared to QA and QBA).
A surprisingofinding seems to be that although performaﬁces Qiffer between
the QB, QBA versus QA conditions in thé immediate recall, performance on the
postreading test by the QA and QBA subjects becoms equal and abovethe QB
condition.
A general conclusion one is led to make is*that.the’'depth of processing
for the QA and QBA is greater than the QB conditions.' What we are unable to

)

ascertain is if depth of processing differs between QA and QBA and between

14
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- immediate and postreading testing. The fact tbgt performance actually . . " °
~ . o . Z ' ) . oo

interacts does not tell us whether it is due to the attentive aperation or

. .b v,':)'

the forgetting operation.

Adaptive Nature of Postquestioning o ‘

L Vi . .

To test for the existence of trends in performance across the ten.

LY

consecutive paragmaphs, the data for each subject was divided, into a-.

performance'fcoggyfor the first fiée'paragraphs and a“peiforménce score for
-

the last five paragraphs. The fiuctuation in performaﬁce in any condition‘
may be due to (a) differencea/in difficulty level of tﬁe questions,

(b) location of the question-relevant information within the passage,

(c) the learnmers' attempts to "tune in" on the '"correct' inspegtion activities

required for the task, (d) possible interference between the subjects'

inspections habits and the inspection activities demanded of the learner by '

B
K

the experimental task, or (e) a combination of some or all of the above.

®
The analysis carried out were 2 x 2 analysis of variances with two within-
& N xf

»

subjects factors, (performance on paragraphs 1-5 versus performance-on

paragraphs 6-10, and incidental &Frsus intentional performance). The :

performance of subjects in each condition was analyzed separately. The
postquestioning subjects were the only group to produce diverging performance

(as can be verified in Figure 3) thereby indicating an interaction between
. }

the two factors, [F(1,29) = 10.01, p < 0.004]. The conclusion which can be
derived from such trends is that the QA condition is causing learners to

perform at a higher level in the latter half of material than on the first, .

14

|

|

half for intentional questions and the reverse is true for the incidental\\

questions.

EI{I(i o _ . .I:) | . ' | ‘w
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Discussion -

This study ciearly démons;rated différences ;h legfning‘outcpmgsﬁﬁa
produced by variations in the location of ‘adjunct questions embedded in
textual materials: The results were inbsubstantial agreement witﬁwthe
stated hypotheses, SZ well as with previous investigators. - The heterogeqeous
sample‘of subjects provi;es for a greaper generalizability of resuits than
most related studies which have used a more restricted sample of the generél
population.

Educators are cbhstaﬁtly faced with the problem of what questions to‘ask
"so as to tap the learners' cognitiyé s;ructure appropriately to evgluate
" stated objectives;;'A systemvof rules for genera pool of qvepy'possiblé
test item of interest in a field of knowledge has béen developed (Hiﬁely,

2 i .

Patterson & Page, 1968; Hively, 1970). In selecting items to evaluate the
learner, one would randomly sample from the pool, with the constraint that
the test be made up of so many items €F°m each unit (i.e., paragraph, page
or chapter). Given the domain were properly constructed, such a procedure
would reduce biasing to a chance level, and decrease the probability that
only one type of question would be asked (i.e., name, measure, common phrase,
date) or that the question—relevane informétibn be found at the same location
within each unit of material. The item selection proceduré was.successfully
demonstrated in the ﬁresent study to encourage its future use. The prpcedure

has the advantage of each subject being equally likely of. reeeiving any item

and the ability to develop a unique test (yet equiValent test) for each subject.

No-Questions .(NoQ)
Given that the subjects in the NoQ condition understand they are to

expect a post-reading criterion test, attehtive and retention behaviors are
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+ believed to remainpﬂonstant across paragéaphs. In&ividuals have no way

of know1ng eithe§/before or after Studying a paragraph, what the. appropriate

attentive behayiors are or what is important to attend to. The NoQ group

.,’, . —

would attend to all" information equally, incorporating previously learned

he
&

study skills and inspection behaviors taklng into account stated, 1mp11ed
r

T or perce}ved task-appropriate ‘instructions. The present investigatlons T
supporp’ the conclusion that performance on 1nc1denta1 items is expected
I . -

to Be/higher than subjects in other treatment groups because no interference
\ - .

I, . .
is produced by having to deal with questions embedded in the text.
. } N . .

Prgquestions (QB)

Prequestioning, evidentiy limits the range of attentive behaviors to.
%uestion—reievant information only. The individualjtkims the material for '
thevan§wer, and once the information necessary to aﬁéﬁéffihe question’has
been 16cated the individual‘recognizes it to be thebanewer to theiquestion/

/ -and concentrates on 1ransferring the information 1nto storage for later
retrieval Because 1nformation prior to the question ‘has only been skimmed
thorough understanding of the perlpheral (to central idea) material has not
taken place, and the question—relevant information must now be p1eced
together" from oniy partially attended material. The learner is unable to
associate all question—related ideas to correctly answer the questions. This
closely relates to the notion that the individual, upon encountering the
information necessary to answer the prequestion, recognizes it to be the
answer without further processing of related;information and thus is reflected
in the deflated incidental scores. This might appropriately he labelled the

'"Oh yes, here's the answer' phenomena. If storage is attempted, the |

information is stored- in memory at the arbitrary level (i.e., rote,




;FCues necessary to,retrievé>it, (ineffective storage and retrieval). After R

~*be skipped altogether, with the. thought that having answered the prequgstioé/

' depressed ‘incidental 1tem performance due to lack of attentive behaviors

T : ’ ¥ ° : / ” -
‘ : S . o . -/ _Additive Effects
> 16 f g
L] . N )
associative orvepisodic) Breakdown may occur eithpr in. the 1n§£ility to ;r

. + ¢

store either part of or ali’ of th& 1nformation. ‘3£ the 1ndiv1dual is able

et

to store the information, d1fficulty may arise in gemembering the appropriate
v

¢ ° \

| ( A

the target information has been -located within the paragraph, the remaining B
/ ' ' : p

portion of the paragraph may. be sk%mmed much like earlier material or may, ,f~

W ,r

the task is complete. A characteristic>of this searchvprocess results in af

>

‘ directed to incidental 1nformation. Intentional item performance will not -

bl as high as would be expected, due to the lack of a complete and meaningful
) k B . . .

3
N

experience (theme) attached to the information at the time of storage. In

?short, organization of material and processing of the informatioan—is hindered,

. (or at least not aided) Other investigators (Frase, l968c, Frase, et al.,'

1970) have suggested that prequestions serve as cues to identify relevant
information and will cause an 1nhib1tion\of responses to incidental stimuli,
thus decreasing incidental'learning. The evidence provided'by this study
leads to the conclusion that in the preqnestion condition, inhibition of
responses ‘is also present in. intentional learning, and is most likely'due _ "4
to the above reasoning. . . ' E @

Postquestioning,(QA)

In the postquestioning condition the individual is unaware a& to:what
shall be the demands, therefore, one proceeds to carefully attend equally to
all information as in the NoQ condition. When the question is'encountercd_
at the end of the passage, a systematic'search of the stored information %?5

takes place for the information necessary to answer the question. This

15 #
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forces the attentive behaviors to.be equal to the NoQ condition,fbut the

N

pos uestionAallows'the'individual an.added~"practice trial". The added , = = -
iLved

;pr ctice trial increases the“probability‘that the same information is retr

on Jhe postreading criterion measure provided, of coursg, it waS'corectlyé‘ﬁ

retrieved immediately after .the paragraph The forgetting rate decreases A
A R

(that is, less is forgbtten) because of th1s practice trial for intentional

>

information, but for the incidental information the rate of forgetting remains

the same as in the NochontroL group. The result is better organization ofx"__,s.°

¢

informationXCausing a more efficient retrieval process at time of posttest
. Y e
recall. According to Rothkopf and Bisbicos (1967) postquestions can modify

mathemagenic behaviors by extinguishing and dropping 1neffective behaviors* :
and strengthening successfu1 performance. In concert with Rothkopf and
Bisbicos, the_data suggest that the mathemagenic behaviors, at leastifor the

QA condftion are adaptive: performance for intentional items progressively

increases’ as performance'on incidental items progressively decreases.

‘.PreA and Postguestions (QBA) - The Additive PerformancerModel‘

. One can speculate thatlif prequestions increase attentive behavior and
postquestions increase retention of information d&e to the "practice trial"
which forces,greater processing and aids organization of information,,then»%
the net result is that the QB and.QA processes additively combine to result
in. the QBA performance. The-individuals are hypothesized to attend to a11u

information at the level equal to the QB condition because the subjects
encounter the—prequestion first and thus the "target" (correct) information is

searched for. However, fealizing\that a postquestion must also be dealt with,

attentive behaviors equal to those of tHe QA subjects take over. In both

"

, Additive Effects ° .
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cases, the fact that the questions must be -answer d again -the praétice

- i'g

better organizatio

attentive and retention behaviors do not adequately describe t,r“'

r 4

B ‘ - . : )
performance and must be modified Modification of attentive Tt

likely affects how thealearnersprocess the information on?'W S
learning . - )
.'ft is believed that the performancelof the?
incremeptal percentage scores of QB and A‘yadgit "
the QBA_intentional performance; lhe QBA{organ'Zatth/). }f:,

°

the learner's ability to. take advantage of'the-bemeff 7%1 processes present
Ly

“in both prequestioning an# postquestloging condit‘ The‘beneficial
?}1 B - 5
processing by the QBA most likely would show up’ when recall would be measured

.‘u

TR

;1n the more realistic situation of recall‘during delayed Eesting situation

" b Vs N MR )
. ! .. ‘ A E .
(a more realistic aim of educatien). That is, to test for the retentjon of

t

. P o . ° o R ‘
"information over an extended period of time. Thus better performance over
. A S AR e . . .

time, due ‘to the more thoroughéprocessing of the material would lead us to
' i : o . : - - -7

_conclude that pre- and postquestib ng condition 1éaq§*Eo "processing advantage:

f_' Y £ : .
not found in other_conditions, singly. ; ~f_& 7*?“
: V . ‘ ' . ’, ’ - "*'\

Educational,Implicationsq . ‘._,'- F Ty » o

\ P . 4/,/ !
| The ev1dence produced by the préSent experkment leags to recommending the
~ K .
proced@re of constructing an item pool on ‘a domain of\know{edge and randomly
. . . . \\ »
selecting questions t onstruct ind1vidu lized tests. Text process1ng

-

computer programs similar to those used in this exgeniment may be used to

facilitate suph a procedure. The use of a',t!r
- f

t- only contggl group is

1

. absolutely essentiallin any learning experimental design tbat'deals with

vy e / .,>

.nd increased.processing)~ The strictly QB or QA EECV



- \; . AR ' .‘. . ) . . »
(V‘- ' L . ‘ ‘ . ’ - - . .
N ? -~ - . ) - N

Yy g, : X L ‘ 4 Additive Effects

L N . oA ,
f L e - T 19

4

connecte% discourse,'éd'as to ascerfgin the base knowledge of the target
o T 3 "’/ R ~

foo 2 :
populatipn on the stimulus material, at the time of the experiment. The

i

: . . . N - . .
. claim that. one procedure is "better" than a second or that it even produces.

any effects which it may claim, must bé verified by comparing it to the . '+

control group repregeﬁting the natural state of the population. The lack
-/ “'-\ ) , : : .
wof eff{ciency measures and the absence of proper control groups have been

i

two areas which have been criticized for not having been adequately attended

- //‘

to in the past (an & w51lér, 1976).

v .
{
Adjunct prequestions are detrimental to performance on incidental items,

" and are oﬁlyyslightly helpful on intentional learning. Past indications have
-\2 : N

been that frequent adjuncf questioning interfere with incidental learning

(Frase, et al., 1970), yet the gEQ control group's pefﬁormance was found to

pe only slightly better (bu%‘ﬁot statist y signifiéaqt)gthan all other

question groups on #ncidental learning. W \ . ..

-

The performance by subjects, fgla ive to serial position of paragraphs,
appears to be erratic and extremely varijiable for most of the conditions.
' 5 )

Howeyer, performgnce fluctuates ébout the overall mea& score of thé ten
paragraphs gnd thu:\berformance'may roughly be aesﬁiibed by the overall meaﬁ.

The fact that performance is at the same level for paragraph number one as in
pérag;aph ten refutes the claim thaf appropr%ate iﬁspéc;ion'activities are
learned. The evidence suggests that the activities alrea&y exists within
the’individual and the learner merely mobilizeé them into action. The post—:
' questioning condition is the exception to the above generaiization} demonstrating

Y v

that Xhe QA findings are in agreement with the adaptive inspection behaviors

as discussed by Frase and Rothkopf and their associates. Although performance
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(by the QA subjects) seems equivalent as;ghe beginning, there is.a strong
divgrgent’trén@, with intsntional ieem perfé;mance increasing and incidental
item performance decreasing with each successible paragraph. Logical questions
to ask with respect to postquestioning'ipspection behaviors are:

1. ,How is this diyergent trend affected by the numbertof units of
matérialé-

2. How is efficiency related 'to each unit of material?

3. What exactly are the causes of this interaction effect?

The importance of pﬂe additive performance model results are that it
implies placing questions both prior to and after the qhestion related passage,
but ﬁorelimportantly helps to investigate the attention and retention'operatiéns
claimed to be involved in adjunct question research. The fact that the QA and
QBA cdnditions result in equivalent intentional perf;rmances, and the 'learner
is exposed to fwice as many questioné alsb means that twice as many questions
get answefed c0r;ectly. The "attentive" operation isﬂthe same for all three
conditions (although the depressed QA condition scores must be pointed out).

The '"retention' operation produces equivalent pérfofmancé for QA and QBA, ,

but a significantly lower QB condition performance. The éigdificance‘of

this finding suggests that the "attention" operation is net the important

operation, but rather the ''depth of processing" is, which QA and QBA conditions

)

encourages the learnsr to‘undertak!.'FThe depth of processing directly
influences the retention of material over time.

As a cl;sing comment, we are led to make'tﬁe following statement in
relation to adjunct question research. Since the results of this
investigation, as well as other previous research (see Andersonn& Biddle,

.

1975; Faw & Wéller, 1976) not produce overwhelming evidence to the contrary,
(X 8]
<<
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“; it appears entirely reasonable to-conglude that .the instructional outcomes
*® . : - ‘ - : N ‘ » s 3

of questions have not fully been revedled, and must be if the intent is to

use questions only when they produce education, efficient, and desirable.

outcomes,

s

:a“.
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y “TABLE 1 /
Average Performance1 For Each Set of Questions
Treatment
QUESTIONS . Test-qnly NoQ QB QA QBA
Total Incidental :

Questions 16.6 64.08 40.6 58.6 60.2
Total Intentional | A
Questions 16. 6% 64,08+ 69.7 79.0 17.8

Total Questions 16.6% 64.08 47,9 63.8 69.0

J

-~

T

Performance is measured in percent of g¢orrect responses.

*

effects, but are assumed to measure intentional effects as well in the control group.

Subjects in the "test only" condition were not exposed to the stimulus material, but were
glven the criterion test.

Items only in the final test, by definition, measure incidental

All items in the NoQ treatment group measure incidental effects by definitiom, however,
the intentional score is assumed to be equal to that of incidental items,

20
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