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. can be obtained with prose maripulations; and, more

Since this pqﬁér'considérs~the bractical use of learning objéetives
and adjunct questions, a number of these have been inserted in the paper

to illustrate some of the points being made. The reader should consider’
C“«’) 0 ' R Lt ' " . ¢
these adjunct aids as he reads the paper. ’ ”

Y

Prose learning is receiving an increasing degree of attention in -

“ ~

the instructional research literature and.that trend is" likely to be a

continuing one. There are essentially two reasons for this: the current

interest in,cognitive explanations, of psychological phenomena carries

, . -3
with it the need for a more refined approach to experimentation, as

P

specifically, prose

itself is becoming more and more amenable to precise specification by

-

attempts to describe its content structure. Both of these points will

be taken up 1arer‘in this paper, after | first delineate the problem

-

we will be dealing wifh and introduce a few qualifications on the scopé

“and the nature of the review proposed. :

Prose is a medium which carries an intended message of instruction

and as such, it can be more or less effectual. The medium itself can

either make or break: learning, so'to speak, although in practice whatéwe

~ f

a;e,;pncegned_withiis~thg—d¢gree~to"which*%earninévéan be facilitated by
this medium. We are reminded here of the very valuable distihction
.between nominal stimuli and effective stimuli which was introduced in

educational psychology by Rothkopf (1970). This distinction, I believe,

f o
has been of immense help to instructional researchers in thinking about

‘what goes on when a lé:rner is reading a prose passage. It brings out

-the—variabie statys—of what is 5eing read at any one moment. Put bluntly,

even if at a certain risk, it says quite simply that the more you pay
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attention to what ybu are reading, the better you will learn it. lé; .

other words, the message within prose must be processed if it is to be

. (

retained and ‘the ‘degree of such_processing will affect learning. or is

it the kund of processung rather than the degree of processing whuch

Al

~

affects-learnang? That shall be thé main issue which will be exﬁlored Y

Y
FY

|n'th|s-rev1eW'paper.
What | will be concerned with is an-examination of the mathemagenic

research literature with a view to clarifying the above question. What

is offered here is not another review of the mathemagenic literature in

’ hd . .
any comprehensive manner, but rather an analytical consideration of this

literature from a particular viewpoint. A number of reviews are- already

available in this.area'(including Rothkopf, 1970, l976° Frase, 1970" 1975A;
N \

Duchastel S‘Merri1l, 1973; Ladas, 1973; Bull, 1973; Barry, 1974 Anderson

& Biddle, 1975; Hartley & Davis, 1976; Faw & Waller, 1976; Ne]sson, 1977; .

[

Dayton; 197/;.W|ttrock 1977; Rlckards, 1977, 1978; Rnckards & Denner, 1978;

Meltop,'l978). These reviews cover a wide range of |nterpret|ve approaches,”

some more theoretlcal others very practical in nature (concbusuon-ortentedeu-’

versus decns:ondortented formulations of educational research - Cronbach

and Suppes, 1969) and.this in itself raises the interesting issue con-

cerning the legitimate generalization of basic experimental findings to

practical educational settings. Somethlng shall be sald further on about

»

this problem\ for it is.much more of a.problém, | believe, than is often

s

thought to be the case.

Who wrote the first ever review paper on mathemagenics? In what year?

A\

et

o

a

The questions then which will beladdressed in this paper are the

following: o N 3

N\

N\




. .

i/.which'expianatory concepts are best at describing the processes

< .

. . :
which are operative in mathemagenic situations: degree, of pro-
. cessnng, selectlve learnlng, rehearsal and lntegration, o o o?

. a

2/ What prattwcal advice can be glven about the. appropriate use —

.
—~— ¢

of adJunct aids in prose learning situations? : -

o4 “
As the title of thlS Teview |ndicates, selectﬁye learnlng plays a major
- Coa
_role, although ndt an exhaustive one, in answering these two questions.

Two qualnfications need _to b be made before embarkiﬂg on these. lssuesu_.

PR PR e ey S et et

. kg

Ihe first concerns the scope of mathemagenics as used here. As intended

»

* by Rothkopf, the term mathemagenies covers all adjunct aids (and more

still! - cf. Rothkopf, 1970). Past reviews have at times only been con-

- cerned with inserted questions, or with instrictional objectives; at

TR

other times, they have also considered advance organizers (certainly an
$

s

adjunct aid!), typographical cueing, note-taking, etc. The usage of the

term is a rather free one, given the breadth of its initial conception,

?

and this ﬁay,not be a bad state of affz2irs for the advancement of research.,
However, from a theoretical point of view it can be misleadiné. In this

review, | shall deal only with°inserted questions and learning objectives ‘

and not~with other adjunct aids. The reason for focus is malnly a practlcai

-

one.

-

The second point which needs to be mentioned is that this review differs
oL
' from many not only by not attempting to be comprehensive, but also by its
freer use of conjecture in exploring theoretlcal vnewpolnts. What is

' referred to here Is the adoption of a speculative style in examining

o b i

L

‘the literature, a style which may initially annoy some’readers, but which

on the whole, and especially if taken in the spirit of hypothesis formula-

tron, could prove to be extremely useful in interpreting the claims of

mathemagenics.

i
-
h Y

o~
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The field is still a relatlvely confused one, with researchers belng
somewhat too'caut10us at tﬁmes in lnterpretang‘thesr observed effects, -
while at other times being too expansnve in generalizing~them.to.appiied' "
c0nfexts. A good deal of this confusion is due { aelieve’to the parti-

cular experlmental context which frames much of mathemagenlc research, ¢
. . s ge

as we shall.see later, and the present review is . an attempt, following ®

on those of others, to come out from the mass of detailed findings with

s

. some knnd of general framework whnch ‘takes this particular context into.

-

account. . IS

®

PROCESSING IN MATHEMAGENYC RESEARCH

« ‘A Cognitive Orientation

A “ . .

You should consider especially what is emphasized by each of the two '

research orientations discussed in this section.
N\ . .

-
-

Mathemagen}c research -is best considered as a psychological rather

s

-

than an educgtional line of research.

This may sound surprlslng_ax_jjisxﬂs—fa——

for twe reasons:

(n) the research is often couched in educational terms

-+

and is to a large extent reported in edhcationally oriented journals such

) education
1 i "

» and psychology in any case overlap to such an extent that attemptlng to

*as the RER and the Journal of Educational Psychology: and tii

+

‘ separate them may appear qunte artificial. Despite these drawbacks, there

in_distinquishing—between these two Tifies

‘is a stroﬁger advantage,_| feel,

of research in examining the mathemagenig research.(cf. also Cronbach and

Suppes, 1969; and Frase, 1973). Essentially, an educational orienfation

" seeks to inform practice and emphasizes external validity or generalizabil-

Y
o

ity of findings. This, as we.shall see later on, the mathemagenic research




1
®

~does not generally do. ‘On the othef hand, “a psychologncal orlentatnon-

is aimed at maklng sense ‘of gnven learning s:tuatnons and,’ to do this,

-

_ it must emphasize especualiy |nternal validity or experjmentalﬂcontro474~

The quest|Ons of |nterest in this line of research are explanatory ones:

-

L4 [ 4 S H - .
inserted fuestions enhance learning -

‘ov

what is of concern is'not so much that

A < -

-

*but, more |mportantly, why and how they do so;.in other words, what

processes are occurring when a learner encounters jnserted questions .-
\ .

o
-

whtle readlng a prose _passage.

R e

v

. Mathemagenlc research has for the most part aftempted to embrace

both orientations at least tacitly. Its most interesting aspect,

\

however,

is certainly its psyshological orientation. Its ‘concern for a finer

_ Y
“analysis of the learning of prose (for instance the early distinction

" between nominal and effective stimnli referred to above) has made- it,some-
what of a leader within educational psychology as_ a whole ‘n thns respect.

The curreht cognttlve orientation in psychology is now bringing these con-
cerns even more to the fore (cf Frase, 1975a and Anderson & Biddle, 1975)
and this makes it more and more relevant to consider thes@rea in a psycho-

loglcal rather than an educatnonal framework. _The recent extensive review -

by Rnckards and Denner (1978), for instance, includes a historical develop-

ment of mathemagenic research and points out the recent swing towards an @

essentially process~centered cognitive ofientation.

€

¢

+

Basic Findings

lnasmuch Aas |t |s posslble to generallze from the llterature as a

whole (cf. the ‘reviews listed in the nntroductson) t is Enterestlng as

a first step to ask what the effects of inserted questions and objectives

are on learning. Put very summarily, these are as follows:
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»
Y - * - LY . -

- Y1) inserted post-questions tend to.increase relevant learning

(the term refers‘to learning directly related to the inserted .

e - . N .

questions). and additionally, .to incredse incidental learning

-

as well (learning not directly related to the inserted questlons); '

Tl inserted. pre-questions tend to increase relevant learning and

depress incidental learning;

(iii) learning objectives have the same'effects as pre-questlons.

.
s

ﬁhe descrlptnon of these effects in terms of. relevant and incidental learnlng
. .

is tentlonal desplte the fact that it may already show an interpretational

bias towacd the concept of selectnve learnlng . .

- ‘e . '

Quite naturally, the research evidence from whlch the above conclu-

sions are derived is not wholly consistent, nor Is it fully supportive of

“them. For® instance, a number of studies have failed to show any facilita-

-

tive -role for objectives and a few of them have even found objectives to

[l
v

-h

. increase incidental learning (cf. Melton, 1978). ngewlse; pre-questions
~— N

have not always depressed \incidental learning. “This is not altogether

-

'surprnsnng considering that mathemagenlc factors probably vary according

to context (motlvatlon, students, type of passage, etc.) and, as we shall

———1

see later on, they are most likely determined in part by the experimental
% , ) .
constraints imposed on the learning task. Thus, despite the fact that the

v evidence is not clear-cut, | believe that most researchers would agree with
the three summary conclusions stated above, inasmuch as they represent
general statements concerning mathemagenics, ) !

The conflncttng evidence, however, does suggest an nmportant consndera-
tion, namely that mathemagenic factors are stiongly context/task specnftc.
This is the crux of the matter and leads dnrectly to an examination of the

!
processes underlynng iearning in mathemagenic situations. ‘.
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Degree of Processing - . : . ) , .
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With whsch recent view of memory doe; the degree of processing unter-'

~
.

~ pretation tie in with? . v . - - ~

Id

The fact that mathemagenic factors generally intrease the overall

.

level of learning could be scmply |nterpreted in terms of sncréased

processing. Indeed, thss essentsally constituted the eariy explanatson

»

put forward*for the effects observed (Rothkopf 1970) . lnserted questsons,
\

in this view, engendered mathemagenLc actcvstaes 'n the learner, c.e.,

engendered increased processing whereBy more of the strmuls in a passage

which were initially merely nominal stimuli were transformed into effective

an

stimuli. This is a rough view of,the phenomenon and still holds much in f )

terms o?'explanatory power at a general level of representation of the’

‘phenomenon. It also ;ies in coherently with related views of learning.-
For one, the well-established maxim proclaiming_the value of active learning

can be seen as a'precursor here. For another it fits in closely with

- e ¢

a recent vsew of mehory phenomena proposed by Craik and-Lockhart (1972), T T e

e .

e A

a view dcrectly based on depth of processsng. " And for yet another, it

-

| > fits nicely onto a vnew of -reading behaviors as |nvolv319 varying _degrees

of ackive processing of the text: from a quick skim ac. one extreme, to
« Neisser's (1967) description of readiné as''externally guided thinking"

at the other.’ -

Deqree_oﬁ_gLQgessing+_hQueye:;_seems_too_pa:simoninu;_a concept to
offer anything but .a rough sketch, although a generally acceptabie one, of
- what is actually occurring in mathemagenic situations. Inserted questions

‘(both pre-and post-questions) and objectives ‘do increase processing of a

.

yo
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- strategies engendered by mathemagenics can be described in such a way as

- 4 - -~ ‘e .
. A L) . .o ’ -
.

. .

L .

text, but they do so in partnedlar ways, In other words, they engender
different kinds of-increased pfocessing. - *
4 .

N -
. . .
- -

;]

- With which three views of learning did the degree of procassind interpre-
. - . L4 . ‘e
tation be said to tie in with?

] . . "

- a R .

nges of Processiqg"

 That various mathemagensc factors dcfferentlally affect the. type of

processong which the .learner engages in is demonstrated mos t c]early by
the fact that learning outcomes wil} vary accord:ﬁg to the mathemagenlc ,

situations which frame the learning ‘context. Both subjects with and .

» - ¢

without learntng obJectcves for ‘instance may learn the same amount of

-

.

"‘material from a text, and yet learn dtfferent thcngs‘from the text. This
is shown in a number of studies, an example of which is a study by Ducﬁgstel

and Brown (1974). That the two groups of subjects learned different things

from the text clearly implies that they were attending differentiy to .

[

. the text, i.e., that they processed the text in at least slightly different

%

H - - - " et

wa.y,,sf“ _{AA — - /(::.‘ e e = P — B ,ﬁ\_ -

- - -~

The qﬁeétian of interest then is how these different process ing"

)

to offer a meaningful explanation of the observed phenomena? The two most

promising explanations which have been suggested (cf. Frase, 1975a; Anderson

& Biddle, 1975; Rothkopf, 1976) are selective attention, and mental review. .
]

This is not to say.that other processing activities may.not also be opera-

tive in mathemagenic situations (processes such as repetition, crganization, .

L d

or arousal for instance) but rather that these latter processes are probably

»

of lesser importance in explaining the mathcmagenic ef acts than are selection

R ]
Q . . N
M N
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u what is especnally |mportant to learn ahd what |s less $0.y

VIR
as well,

N . . - J
’ . . ¥ o~ .
) - . “" coal . <
and review. Rickards® stnmulatung’qnaiysus of processes in post- T -~
-questSOn research can also be understood in’ terms of these two pro- -
cesses (Rlckards, 1969). ' .

It becomes necessary at this point to deal separately with pre~
questions and bbjeqtives on the one nand and pbst-questions on the other,
for the processes they are belneved to engender are rather dnfferent from

—each other. The geneﬁzl fundnngs from the research on pre-questcons and

* -

obJectives seem best explanned |n terms ‘of a selnactive attention hypothesls.
[ 3
In other words, what pre-questions and obJectnves do is to orient the v .

?
3

learner to certaln parts or aspects of the text ‘just as straughtforward -

& * Ny ~ ‘ :
directions would do in sumplpr srtuations, Tell your students to concen-

trate on Chapter 4 of the textbook for the examination and you can be

» . : ~

pretty sure that most pf them will learn that chapter better than the

.
AR Y

other chapters' Selectlve learning is no more than intelllgent behavnor

L3

“on the part of the student, who has to decide from moment to moment just -

Learning ob-

jectives help him do just that and it is likely that pre-questions_do so . :_

P
(]

Thé?;ﬁoth constitute attentional devices which more or less overtly

In Rothkopf's terms,

~

flag the ‘importance of the material as it is read.
they change the status of given items from being nominal to effective stimuli.
This is effected by greater processing of the items flagge; as important

and by a lesser degree oﬁ processnng for the non-flagged |tems. However,

'ﬂ? degree to which the process of selectlvnty in learning actually affects -

what is learned, for it is not an all-or—nqne matter, is an important con-

sideration and shall be elaborated upon further later on.
It is appropriate first to turn to the.general findings from.the

‘research on post-queqtions and consider the mental review explanation. Mental




~ parts of the text.. This is understandable on- methodelogical grounds, for

. theoretical elaborat ion ana empirical testing in the futuré’(cf Anderson

‘d’ .

.
-

oo : i i . . . ‘“

review or rehearsal.is in a sense no mcre than a greater processing of
A

- the text elements, albeit a delayed processnng acting on recent memory

’ . e e
o0 -

of the text~stimuli rather than on the prnnted stimuli themselves (cf . o

Anderson and Blddle, 1975, who develop this theme very cogently) lndeed,

. 7 . . .
most of:the research 5n post-questions involves Iearn ne situations -
. .
in which the learners are prevented from backtracking to the relevant
3 » . , . T .

* .

otherwise postzquestions could additionally become pre-backtrack questions

as well. The evidence frop the post-question research, in terms of
enhanced relevant learning, suggests that mental review processes are

indeed.operative in this mathemagenic~situation. Whether this retro--

spectlve processnng is bést descrlbed in terms of sxmple retrleval and

.rehearsal, or*within a cybernetic model oﬁ sélf—assessﬁen& or in terms ) -

N l. ’ ‘.

of. cognitive |ntegrat|on is yet a deeper |ssue, which willt requlre further .
.\ - L]

and Biddle, 1975 for a starf in this line of research)’. The important

I

point for now is to simply be able to.describe the phenomenon in terms of
P t )

0

a mental.review process. ‘This could go somewhat as follows: upon en- .

counternng a. questlon, a student |nterrupts his reading of the text to

try. to answer the«questnon posed this is presumed to involve ag.active L

0 » * Id 3 .

response (although'a covert one) on the part of the student and constitutes

' ~/
. . _— \ .
as such further processing of thé mlemept constituting the response, i.e.,* »
‘mental review. o -t B ) .

., That, however, is bot one side of the post- questnon reSearcb. Mathe-

.
- -

magenic- researchers have been primarjly concerned wnth the effects of post=- f

»

questions on |nc1dental learning.\ WRy should post-questions enhance

- - »
T8

e

. - L. . . ) 1]

»
.~

incidental learning? An indirect mental review hypothesic is possible, whereby
. * . b .‘v: *
-~ : 7 O * -
ey . - . 1
. . - . iy s
. “)- - "! . . b b N
A '~
4
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" incidental maternal ls reviewed somewhat in the background during the
h mental search for the relevant material. This indirect review hypothesis
has been supported by a few studies although the effect is very small -
(cti Rickards! revlew of what he has called the general backward effect,
i ‘ M1978)f~wlt remains somewhat surprising nevertheless, considering the type
of material usually employed, i.e., factual information with relatively
low interconnectedhess. To what extent this lndlrect review process is
an‘lmportant one or hot is, }herefore;'a matter of some concern. However,
g its role should grow with.more connected.discourse,(as suggested in a .
A‘study by Rickards & DiVesta €T97h): . ) ;‘ . -
:A'more applicable hypothesls may be°qulte-simplv the degree ofvpro-

)

L] - ‘/ [ ) ’ . 4 [
cessing one. The expectation of an inserted post-question on a séction

of the test, coupled whth uncertalnty as to precisely which element in

that section wsll be testea ‘may well induce in the subject a general- )

B

ized and’ more attive processing of. all the elements in the section as it

3
.

|s-be|ng read ThlS is in essence the classic lnterpretatlon lntlally
N0 advanced by Rothkopf (1970). oOne |mpllcat|on of thss view would be that

the number of questnons encountered in the text, as long as uncertalnty

‘, .. is manntanned‘sfhould correlate with the amount of |nccdental learnlng
L3 \

/
I Arother aspect of - thxs_lnterpretatlon is-that any inddced-extra- processung
- . »

- would necessarily\hg\add:é}pnal to that already induced by the expectatign
I ' ..

of a terminal post-test., As far as | knov:, both of these implications

a

-

b e . " -

. .remain to be examined. - - I

-]
S

.‘:"lz

Genera,liz'ed_,more thorough proce ssng, however, éhould result only

when uncertaunty as, to the nature of the comung post- questlons is, mintained.

il

¥ .

T lf this uncertannty is dlspelled for |nstance by the recurrence of a given

e

. Y e

T type'of questcon, then ncldental learnlng Wlll decllne. Thus is precssely -

. .
r ) . -
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what Rothkopf & Bisbico§ (1967) found when the post-questions they

-

presented to their subjects all required given types of information

1

as answers (such as technical terms) rather .than more common and hence
4 Y
[ - ‘ -

. more varied answers. This same type of finding has been replicated by

E

other researchers (cf. the reviews by Anderson & Biddle, 1975 and by

Rickards, 1978; also Howé & Colley, 1976).

. . . -
LEY
N N . s .

What are the extended implications of the Rothkop% and Bisbicos study?

)

. \ﬁa " % ¥e

...~ Conclusions .. L

EEY

Cons;deratlon of these stuB*ls in this llght does suggest, therefore,
‘8 . \,9 -
that- mathemagenlc factors ln prose processung are indeed strongly context-
?ramed as’ |mpj*ed earller. What effects mathemagenlc aids will have on

learnlng will depend to a great extent on how the s:tuat:on cues the

4
learner as to which processung stretegy to adoptt Thls surely is far from

-, * ~
PO

'g unexpected yet relatlveﬂy little attentuon seems to be given to it in

- l ] !
|nterpretat|ons of .the research- luterature.

S

¢ \ A

what then may” we conclude w;th respect to.the |ssue about degree

LR i . -~

versus klnd of processung? The research as a whole would seem to favor

» -

a compound- |nterpretat|on one which |nclydes both‘vnews and yet whlch

Ny

SRR .,

qualifies the extent to which each may play a ‘central role in a given

, context.

* -

With post-ques;uons, generalxzed |ncreased processung does seem to
_occur when uncertatnty as to type “of item is malntannedj Thls greater

degree of processung applles to both lncldental and relevant learning ~

-

and explalns the superloﬂlty of post-questlon situations over text-alone

-

sutuations. As for the enhanced learning of relevant over incidental

) -

»

material, this ‘would simply seem to be & factor of selective practice,

~ or selective mental review. .

EKC-“ | B
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"to the learner, or when the learner is allowed to backtrack and review

With pre-questions on the other hand, as well as Qith learning

objectives, degree of processing would.seem to lose out to selective

»

processing of the relevant material. This is not to say that what is
selected is not processed more thoroughly than it would be otherwise -
for this is indeed the case, as evidenced by improved relevant learning.

Rather what is meant here is that the text as a whole is not processed
. ’ R

-

at a greater depth - some of it is
—

and some of it is processed at a }esser
depth. A selective learning process is taking place. - This also results
when post-questions are employed in a context which impairs uncertainty,

as happens when the regularity of a t§pe of question becomes apparent

A 1 TN

the material, as we shall see in the folloWing séction.

Thus, as used in the tradifional experimental paradigm, post-questions
wou[d seem to support a dual e%planation consisting of increased proces-
sing and‘selective learning, while pre-questions and objectives favor .
mainly a selectnve Iearnnng explanat+on———4t—w+LL—be—a:gued-in_ihe next
sectnon, however, that the sncreased processnng component in the expsana-

tion of post-questnon effects might simply be due in some part (of unknown

importance) to the gonstraints of the tfaditiongl paradigm. .

o~

role? -

In which mathemagenic situations does selective léarning play an important

\

Before that, however, it would be appropriate to conclude this section

"y

on theoretical explanations by briefly tying in the current discussion to

Rickards' (1978) analysis of processes and by a final comment on depth of

processing.
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Rickards has outlined two types of processing engendered by the use

of post-questions, a forward one (related to text sections to come) and a

backward one (related to text sections just read). In addition, each of .
these processes can be specific in scope (what | have been calling relevant .
‘Yearning) or‘general in scope (incidental learning). ‘The concept of
selectlve‘learning as developed inithe.present discussion would properly

l
|
|
|
cover both forms of Rickards' specific processes while increased processing - l

would relate to his general processes. The two systems of explanation are

4
.
]

-~ >

slmply two ways of summarizing the mathemagenic literature, with perhaps -

a greater emphasns on the relatnve nmportance of each type of process nn

the current discussion. . L

s
+ adardato. .

¢ - h
. e
~ N o s

o

In what year was' the Craik & Lockhart paper published? N
$ S .
1 . . - : : o

As for the concept of the degree of processhng, the term is still rela-

tlvely unclear and subject to confusion:with depth of processing (Craik &

L0ckhart; 1972):’ What ddes it mean to more thoroughly process a section of

text? Does it mean that the text is processed longer or more actively, or.

- -~

.more meanlngfully (whatever these abstract terms may themselves mean) The

term’ 'depth of processing' has come to represent in verbal learnlng research .

an incredse in semagkic processing, as opposed to less involved forms of

#

processinq such as phonological processing (Craik 8 Tulving, 1975). Semantlc
processnng itself, however, overlaps somewhat wnth the terms listed above

" as potentnal qualifiers of 'degree of processlng . Thus, depth of processlngﬂ
wpuld also seem to present a certann fuzziness in its character. | prefer
to think of degree of processnng, therefore, as snmply reflectlng more:

thorough processing, this being of a semantic nature i.f we are dealnng with

elaborated ideas or simply of a rehearsal nature if we are dealing with facts.

N This,,however, constitutes an altogether different .level of analysis and it . .,

16




N
H

£

B

¥,

¥

NG

.

is not the appropriate place here to further disa;bighate these terms

(cf. Anderson, 1970, for a good start in this direction). 1| want merely

to point to an area which is bound to prove of some concern. in the future,v
and to indicate a relcance for the tcme becng on our intuitive understanding

3
of the term ‘degree of processing’. .

When were the following two papers published: .Craik & Lockhart and Craik &

*

Tulving?2.” . -

in selectlve learning). Once type of processing is engaged, degree of

. can often only guide p.actlce in an sndlrect waf, albeit in a’powerful one,

It ;s not difficult to see that degree of processsng and type of ' )
processsng are in rea1|ty closely sntertwcned. Type of processing, as
:sed here, refers to what 1; being processed and when, as well as to how
3 .
it us processed (from memory, as in menta] revic., or during readnng, as '

»
-

processing then follows. Thus, it.is only nn order to snterpret these

-
1 -

processes” and to offer a framework for understandong them that the issue

- L]

-

can be put in terms ‘of degree versus type of processing. . : :

=\

«* ° *

INPROVING PROSE" LEARNING’ o

It was stated at the begfhncng of the previous section that mathemagenlc

~

research is best conssdered as a psychologncal line of research, at least in
%

interpreting - is—less concerned with ~

the issue as to what can occur as™it is with the questlon as to why it occurs.

: Yet desplte thos favored vcew o; the area, the utilization of adJunct S
aids of allkinds to engender mathemagennc activities in practical prose ‘
learncng situations remains of=hsgh,concern to educators.,sResearch however,

X .
by shapung given patterns.of thought with respect to active decision-making
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(Kuhn, l§62; Cronback & Suppes, 1969). This is what\seemsstq\beAhappening R

+ With the_mathemagenic research as a whole. It is influencing practice,~—__

—

especnalT? in the areas concerned with the use of nnstructlonal objectives

and post-questions, and this despite, the general non-educatlonal orienta-

tion of the research. It is therefore an issue worth pursuing.

I3

Mathemagenics in Natural Settings

. -

Most of the studies on instructional objectives were conducted in
fairly naturalistic settings. By this is meant especially that the

learnnng materials used and the task constraints involvéd in the studies

approximated to a fair degree some redl school learning situations. This,
. - \

3

of course, is fot true of all studies, but on the whole, one finds the

£, bulk of the studies of direct generalizable value.

A different and more complex picture, however, arises.in the area of

i e

inserted questions. Here, numerous studies have lntentlonally utlllzed

.

artnfucualnzed situations in order to control the use made ,of and hene\

vthe very nature.of the questions. More speclftcally, post-questlons have

usually been |ncluded in an experlmental paradlgm whlch |ns1sted on the
B learner processlng the text sequentnally, that is without. the obportunlty

for review (at least, not after havnng encountered the |nserted quest{”?sﬁ

F

B &
- As mentioned earller, this was a necessary 1nvest|gatory tactic to.pre-
] e -
l“mum“ _serve.. the_yerxsfunctnon of the post-questions =-otherwise these may very - . - - T

well have been- used as pre-questions or, in-the least, they may have

e s 0

< played @ much more‘mntngated role. This functnonal assumptnon, however,

has often been underplayed in the l|terature, with the.result that general-

* . ' . ko]

lzablllty of these research findings to more naturalistic settnngs is often

too readlly assumed. } . -

/ ) »
‘ \*_—-/
. Kl
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It is instructive to.examine tne few studies which most closely
_parallel a contraint:free setting in this respect (Washburne, 1929;
"Gustafson & Toole, 1970; Hiller, 1974). These researchers allowed

fheir subjects to adopt a free reading strategy by enabling review of

\x;\\the material after encountering inserted post-questions. In all three .

studles\\post-questlons generally failed to enhance incident3l learnlng,

~—~ 5

as they usually dd\wnth\zhe traditional but less naturalistic paradcgm

e e i

—~

and in some conditions of the Washbu[ne and Hiller studies, incidental

* learning was even depressed. Post-questions EEEm\he:e\EEen\fo have shaped

I

a selective learning strategy rather than (or perhaps in addiE?Bn‘to)\a

. generalized greater processing one. It is in this sense that the mental -

N

¢ review.explanation for post-questions may oe something of a procedura’

r TP

artifact and.hence play but a small part in the total picture. This .

issue is examined in some detail in Duchastel (1979a).

. : PR A

Was i't Hiller or Gustafson & Toole who published before the other? . o o

@ - . T

~ ' <

. Mathemagenics and Knowledge Structures

L4

A further issue of concern for the pragmatics of mathemagenics is

&

the problem of .levels of-knowledge{ ’ .
A surprus:ng proport:on of the s}ndlﬁemon mathemagenjg§‘have dealt e

wuth the learnlng of factual knowledge as opposed to higher order levéls

of knowledge. This proclnvnty for utilizing factual learnnng material in

»

- exper1mental studnes is understandable, glven the desnrabcllty to reduce
unaccountable variance in research. However, it does make the jump from

research to application an even more difficult one than may- of ten be

[y

thought the case. ‘ ) . . :
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Some studies, reviewed in detail by R?ckardsr(1977), have directly.
inveetigeted differential effects of levels of learpiné by employing a
categorization such as Bloom's (1956). The overall picture emergieg from
these studies, however, -is a complex and ambiguous one, with seemipgly
little total consenses.

b

-}
Another, more recent, approach to knowledge js the cognitive structure

. approach (Hayes-Roth, 1977; Norman, 1976) which de-emphasizes the cumula-

tive aspect of learning and focuses on structural characteristics of the

internal representation of knowledge.

. y o ) i i
This shift, | believe, will- eventually prove to be a profound one for

[}

learning psychology, for it is\geundfto have an impact not only on what is

measured as learning but also on the metﬁodology with which we approach the

problems of‘meeningful and coherent learning. _ Bartlett's Remembertng (1932)
\may\b

revsstted in more than one way in thts respect.

This shi our view.of learning is likely to have some impact on

-

cour consideration of matEEEBQeniggl\both theoretically and in practice.- We

. are stull a long way off from that d;;:\FBWEVer;\an\ig the meantime, |

expect we shall quite properly see a surge of interest :;\t;e“;tFﬁtture\pf

. text, although wnth:n the familiar cumulative learnlng paradigm rather than

the cognitive structure one. The expl|c1t description of the structure of

¢
* °

..a_text is an important aim in our search for understanding in prose learning
s N ¢ ‘

A3

and a number of pionners have cleared the ground in this area (Crothers,

1972; Fredericksen;_l972; Meyer, 1975; also frase, l975b), This has enabled

-

,@ more precise characterization of the textual materials employed in

mathemagenic studies (e.g., Ducﬁastel l979b). T /"

Knowledge structures are dsfflcult to analyze arid school learning is

more complex than we researchers generally like to |magcne it to be (cf.

Anderson, et. al, 1977, for an initial analysis of this issié). Learning

¥’
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can be descriped differently depending on the Hevel of analysis adopted

in a given investigation: the Ievel -of macro-cognltlve structures or that:

¥ et sy oI —

of mlcro-elements of knowledge are two rather dlfferewt levels of des-

cription, each as valid as the other, of course, WIthin its partncular
’ .

framework. Ausubel (1963) has long recognized this view, and current

trends in instructional research (cf. Anderson et. al, 1977) are seen

as developnng a theoretncal outlook not unrelated to this framework.

Mathemagenic research has up till now provided us with some indj-

~

cations,?or action within the elemental level of analysis when it comes

“to- practlcal school leornlng What remains in store for us within a

L) .
different level of analysis of knowledge Structures will most likely be
an exciting venture. The outcome of such a process of broadening our

concerns within the area of learning will certainly add a new dlmenSIOn

to the role whlch mathemagenlcs can play in real Jnstructlonal settings.

_Conclusions o
i If, as hag been arguéd in this paper, selecti;e learning can play a
major explanatqry role, not only theoretically but also #n the practice of
. lmproving prose learning through mathemagenlcs, where do we stand in the

realm of action? How do we use mathemagenics to improve learning? Strong

value judgments necessar|ly enter the picture-at this point. If one

‘;:\fhe higher educationad level, then selective learning should be encouraged.

-
5

" For, in natg:i;:stic settings, it is at the expense of Inéidentql learning
‘that relevant QS: by'definition, impqrtant) léarning will be enhanced.

The mathematics of t

to encouéaging selective arning, mathemagenic factors most likely also

B

4

’ be{ieves,"as 1«22, that most academic learning materiais can be considered
\\\\\\\\;o contain some incidental material of rather secondary importance, especially

trade-off are not so simple, however, for in addition
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__have some effect along the llges ufagenera]4y~|ncrea51ng the level of
processing of the text as a whole. Thefe?fects are not after all gnutually
exclusive,¥except in extreme cases. Whatihas been argued here Is not that

. J ’
selective learningis the only process generated by mathemagenics in natural

, settings, but rather that is is the most %mportant,of the processes. Lt ]
1
Mathemagenic factors are also known éo interact with the learner's -
» ;3-‘
own selection strategles, as is evndenced Ly Duell's valuable study on this !

issue (1974). Students to some extent enggge in sel-~_,ve learnlng quite

on their own; 'ghat mathemagenucs can do as obJecttves did in Duellls study,
*is to point out additional aspects of the text for selective and more thorough
pFOCESSIng, Beyond those already opted for by the student. What mathemagenics
do then is to sharpen the student's perceptibn of the task by providing pim
or her with the text author's_own perception 'of importance of the text ele-

.

ments.

SUMMING UP,

The intent of this paper was to place a new perspective on mathemagenic

¥

. - research as well as on practical considerations derived from the research.

7 The interpretation resulting from this analysis is one which emphasizes
. . 13 A~

selectnve learnnng both as a main explanatory factor in the research litera- )

ture (along with mental revnew) and as a basis for the pragmatnc side of

. mathemagenncs in real sthool settings. There‘ns also the etrong possibility

o

that the mental reView factor is maihly a context-bound nhenomenon, although

one would intuitively believe it to exist to some degree in naturafistic

«

settings as well.
d
AY

The paradigmatic peculiarity of much of mathemagenic research on post-

questions is essentially the reason why | feel it advantageous to view f

’
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mathemagenic research primarily as a psychological cdncerﬁvand only- second-

arily as an educatlowal one (despite the certain importance of the latter,

é

to be sure), L

- >
- L. .
IS o

. Mathemagenics, especially uhder the impetus and cont{nued support

provnded by Rothkopf and. his colleagues at Bell Laboratories, haVe done
~N

- ?

muqh over the years to increase the educator s interest‘in the u§e_of

uestions and the instructional researcher's concern for text processing.
q

>

-

These are developments of great importance to instruction. Building on

. that, | feel the time is now ripe for a true extension of matRemagenics

to concerns involving pragmatics. , .

z

5
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