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ABSTRACT

The generation effect refers to the éuperior retention oﬁfvérbal
materials thaé were generated by the éubjects rather than éuppli7% by
the experimenter and just read by the subjects. The major‘one¢Zive of
this thesis is to present a &ew interpretive framework for the‘;
generation effect obtained,with sentences., This framework emphasizes
the distinction between two organizational processes. The first procéss
characterizes the organization among the words of ; sentence -- its
interword organizatign. The second process characterizes the
organization among the perceptual and conceptual elements within a word
- ité intraword organization. The experiﬁents presented highlight the
imporﬁance of distinguishing bétween tﬁese two types of organization.
Results from tests that are primarily sensitive to interword
o;génization showed 'a generation effect with meaningful but not with
anomalous sentences. Resulés from tests that are primarily’sgngitive to
intraword organization showed a generation effect with bbth types of

sentences. Results from a test that 1is simulfaneously highly sensitive
to both of these organizational dimensions revealed both an incréase in
interword organization along a meaning dimensi;n and an increase in
'intraword organization.

The generalizability of the current inte;pretive framework wés
tested on generation effécts obtained with word pairs; it was also
examined on the superior retention of sentences read in geometrically
transformed as compared to normal typography. The present results

cannot readily be assimilated by any of the interpretive views

“(111)

g

i . —————— —siA———



ot

‘previously offered for the generation effect. The ability of the
proposed framework to accommodate these re}atéd findings revealed it as
an effective investigative tool that promises to be.useful in the

examination of memory.phenomena related to the generation effect.’
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Chapter 1

INTRODUCTION

verbal materiais that have been independently generaéed by
subjects are remembered better than materials.that have simply been
read. This retention édvantage for generated materials has been
labelled ﬁhe generation effect (Slamecka & Graf, 1978). The central aim
of this thesis is to examine the beneficial memorial consequences
“underlying the generatién effect. Evidence related té this efféct has
been.reported‘in bth the eéucational and thg psychological literature.
Numerous contemporary investigations related to thg generation
effect originated from a longstanding controversy in the educatiOnal
literature. This controversy concerned the pedagogic, motivational, and
memorial advantages of discovery learning ovef'reception learning (e.g.,
Bruner, 1960; Dewey, lélO); Although a survey of the literature reveals
no widely shared definition or oper;tionalizatién of discovgry learning,v
. its essentiai feature is that the "principal content of what is to be
learned is not giveh but must be independently discovered by the
learner” (Ausubel, 1963, pt\}Q?. In‘contrast, in receétion learning,
“the entire content of what is{to be learned is presenteé to the learner

in its final form™ (Ausubel, 1963, p. 16).

At the center of this controversy were conflicting views of

learning. Propone of .the discovery approach viewed learning as
involving the subject's interpretation of task demands, aﬁd the active

retrieval, reorganization, and reevaluation of stored information to

1
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meet those task demands -(Bruner, 1961, 1966; Dewey, ;910).
Conséquently, the main purpose of the discovery approach was to teach
pupils the skills involved in applying their own knowiedge in finding
solutions to new problems (Bruner, 1961). 1In contrast, the view of
learning underlying the reception approach was of a learner involved in
°passive, mechanical, and rote memorizgtion (Bruner, 1961, 1966). The
repetition of presented materials involved in rote memorization was
characterized as lead;hg to the ‘passive cataloguing of supplied ideas
and concepts within an existing cognitive structure. Thus, the essence
of this educational controversy was whether the learner should be viewed
as a "slate", written upon by experience, or whetherngé\or she should be
described as an active participant in the accumulation/g; knowledge.
Similar views of learning are contained in the psychological
literature. On the one hand, simple models of learning based on
claésical conditiéning (Pavlov, 1927), or on operant conditioning
(Skinner, 1938), parallelled the view oftlearning assumed to underlie
the reception approach. To illustrate, the classical”conditioniqg
experiment involves the contiguous presentation of a neutral
(conditioned) stimulus witg one that elicits a certain.response
unconditionally. Through repeated presentation of these two stimuli,
the neutral stimulus comes to have the power of eliciting the response
previouslyhp;oduced by ghe latter stimulus only. 'According to such
models, learning 1s*pdrtrayed as the relatively automatic outcome of
apéropriate experimental circumstances. On thg other hand, the view of
learning assumed to charﬁcterize the discovery approachvreflects what

1 , .
Dember (1974) labelled the "cognitive revolution” in psychology.



Through this revolution, the learner has come to be modelled as an
active self-determining individual who continuously seeks out and
selects information from the environment. Learning is represented as
consisting of active interpretation based on internalized sources of
information, and as involving reorganization and recombination to bring
0ld knowledge into agreement with new facts.

Perhaps inspired by this cognitive revolution in psychology,
Ausubel (1963) and other proponenfs of reception learning (e.g.,
Cronbach, 1966; Wittrock, 1966) offered a reexamination of the cognitive
activities involved in discovery and reception learning. This
reexamination focused on Bruner's (1961) earlier argument implying a
synonymity between discovery and active learning. Ausubel aréued that
discovery and cognitive activity are orthogonal dimensions, and that
cognitive activity is required for effective learning in bogh the
receptidé and the discovery approach. To illustrate, he asserted that
in reception learning, .the cataloguing of a presented concept under
existing cognitive structurés demands decisions about relevance and
) relationship, reconciliation between new and old knowledge, and
sonet imes even translatién into a personal frame of reference. Perhaps
more importantly, Ausubel also recoghized that the cognitive activity
involved in reception learning may differ qualitatively from that
involved in integrating and reorganizing new information with existing
knowledge in ordergt; discover new ;elationships, as 1in discovery
learning. |

Subgequent empirical investigations ingpired by this new

cognitive perspective focused on the memorial consequences associated _
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with the different cognitive activities assumed to be iLvolved in
discovery and reception learning. Focusing on these cognitive
activities marks the traasition away from the earlier applied work on
discovery learning to the contemporary analytic examination of the .
intrinsic learning advantages associated with discovering as compared to
receiving, For this purpose, contemporary researchers have developed
methodological approaches that offé; several analytic advantages.

g The most significant analytic\advantage of the approaches used
in recent examinations of discovery and reception learning stems from
limi ting the source of the learning difference to the &pgnitive
activities involved in discovering and receiving. To illustrate, the
assertion that discovery learning is more effective than reception
learning permits several h&poéheses. At one extreme, the differences
between a pupil and a teacher in age, motivation, interest, and general
background virtually guarantee that the pupil generates materials about
a topic that differ from those supplied by the teacher under reception
learning conditions, These materilal diff;rences may account for the
faster learning in the diagove;y as'compared to the reception approach;
At the other extreme, the learning difference may stem éntirely fron
the different cognitive activities assumgd to be 1nv;lved in
discovering and receiving. While the applied researcher need not be
concerned with isolating these or any ;ther gsources contributing to
improved learning, their isolatiom is critical for attempts to |
understand the intrinsic learning advantages associated with fhe
cognitive activi;ies inyolved in dis;overy as compared to reception

learning. In order to limit the source of the learning difference to



these cognitive activities, recent me;hodological approaches ingure that
the materials studied under discovery and reception learning conditions
are identical. ‘ '
Experiments that constrain subjects to study the same materials
under discovery and reception learning conditions focus on only one of
several sources that may contribute to the superiority of discovery over
reception learning. Thus, the results obtained from such studies do not
permit éeneralizations about discovery and reception learntng. For the
purpose of preventing such unwarranted generalizations, in this ;hesis,
the term generating will be used for discovery, and the term reading for
reﬁeiving. However, the results from such studies do provide
Eot;ﬁfiallz important insights into the membrial effects sté%ming from
the qualitati;ely different cognitive activities assumed to be involved

in generating (discovering) and in reading (feceiving).’

To date, no well founded interﬁretive account has beeh offered

_\"

for the superior retention of identical materials that were self—
generated rather than read. 1In chapter 2 of this thegis I will argue
that the theoretical nature of previous accounts severely limits the
profitability of their application to the generation effect in flture
research. Existing accounts also lack explieit specifications of their
implications for the generation effect, making them untestable and )
largely indiscriminable. The major objective of this thesis is to offer
an aléernative interpretive framework for thé generation effect. In
order to accomplish fhis objective, two questions must beAaddressed.

Fifst, is it possible to account for the generation effect in terms of

psychological processes that are already well described in the

-
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literature? Second, do these‘processes facilitate the formulation of

‘testable predictions that will permit the discriminatioe of‘the proﬁosed
framework from the extant alternatives? The present series of
experiments addresseslthese questions in order tp advance our
understanding of the generation effect, and of related memory

%

phenomena.

1.1 Overview of thesis

This thesis is basdd on an extensive investigation of the

generation éffect obtained with sentences. It offers (a) an

interpretive framework for this effect based on well established
A A

psychological processes, (b) empirical investigation of predictions

generated from this framework, (c) extension of the framework to
)
generation effects obtained with pairs of words, and (d) further

extension to a related memory phenomenon stemming from the reading of

sentences in geometrically transformed and normal typography.
Focusing/?n the generation effect obtained with sentences was

required by research constraints. Specifically, earlier investigators

(Bobrow & Bower, 1969) suggested that c0mprehension or an appreciation
of the meaningfulness of materials played an important role in the

generation effect, Pursuit of this suggestion required working with

linguistic units that would be large enough to permit assessment of
comprehension, and also tp facilitate manipulatione of meaningfulness.
In addition, given the historical connections between the generation

effect and learning in the classroom, the aim wasﬂto examine . the

[ . /
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memorial effects of generating on materials that would facilitate

\
-

generalization to classroom materials.

The interpreéive framework offered for the generation effect
emphasizes the distinction between two organizaﬁional processes. The
first process characterizes the organization among the words of to~be-
remembered materials; it has been labelledﬁinterword organiéation
(Mandler, 1§79). The second process characterizes the organization
among the perceptual and conceptual elements within a word. This type
of organ{zation is affected by repeated exposure to a word, Each“
exposure to a word provides an opportunity for interrelating the visual,
phonological, and the semantic featurés of the word to form_P unified
memory trace. Mandler (1980) has described this organization as
intraword organization, and he suggested that it underlies the
experience of word familiarity. The interpretive framework offered for
the generation effect postulates that generating as compared to reading
a sentence results in increased interword organization along a meaning
dimeﬁsion and in increased intraword organization. The lawful
relationships between these organizational processes and performance on

varlous measures of memory have been well documented (Mandler, 1979,

-1980; Miller, 1956; Tulving, 1962, 1966).

The involvement of ;beserorganizational processes 1# the
generation effect 1s investigated in two series of experiments, one
focusing on interword organization, and the other_on intraword o
oiganizatioﬁ., The combined.evidence from these experiments establishes

and strengthens the proposed framework as a whole, permitting the

formulation of a strong prediction. This prediction, tested in a



separate series of experiments, concerng performance on a new measure of
retention which is sensitive to both interword and intraword
organization.

The generalizability of‘the proposedvframework is tested in two
ways. First, the framework is applied to the interpretation of
generation effects obtained with pairs of related words. Since

-

considerable recent research on the generation effep;;has focused on

-
words and on pairs of related words, an attempt to formulate a
comprehensive account of th& generation effect necessiﬁates
generalization to this research. Second, the framework‘is used in the
1nt;rpretationiof the retention superiority typically observed for
.materials read in geometrically transformed as compéred to normal
typography (Kolers, 1973, 1975). This retention difference will be
referred to as the transformation effect. Although reading in |
transformed typography does not involve generating verbal materials, it
will be argued that the two tasks seem to command similar cognitive
interactions with th; to—be—rémemﬁered materials. Conséquently, the
app;iéation of the framework to the transformation effect represents an

y -

attempt to generalize it to a.related memory phenomenon.

1.2 Outline of Thesis

This thesis includes seven sections; each of which constitutes a
separate chapter. In chapter 2 the theoretical arguments that previous
investigators have provided in interpreting.the generation effect are
revigwe&. These arguments contributed significantly to the formulation

of the interpretive framework proposed for the generation effect. The



framework 1s detailed at the end of the chapter. The intent of the
chapter 1s to set the stage for the theoretical and empiri;al work
included in this dissertation.

Chapters 3 and 4 describe a series of experiments that provide
an empirical demonstration of the importance of distinguishing between
the two organizational processes specified as components of the
framework. The éhird chapter includes six experiments examining the
effects bf generating and reading on interword organization. The fourth
chapter consists of two experiments focusing on intraword organization.
Since the general method employed in these experiments is identical, it
will be detailed once at the beginning of chépter J, with only
deviations from this general method provided for each experiment.

The fifth chapter includes three experiments that test a
prediction derived from the proposed framework as.a whole. Although the
previous experiments provide strong support for the two organizational
processes specified as components of the framework, they hawe considered
these processes 1in isolation\\ That is, the previous experiments focused
either on interword organization or on intraword drganization, but they
never considered the effects of generating and reading on both of these
organizational dimensions simultaneously. The framework as s whole
offers a specific prediction about the combined effects of generating on
inter- and intraword organization. The experiments included in this
section examined this prediction, using a test that is highly sensitive
to both.of these organizational dimensions. This test, which was
ingpired by the work of Humphreys (1976, 1978), and by Rabinowitz,

A
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Mandler, and Barsalou (1977), will be referred to as‘a varied-context
word recognition test.
. i

This varied-context word recognition test is ewployed in
chapters 6 and 7, which represent attempts to generalize the framework.
The sixth chapter.inclpdég‘one experiment concerned with the generation
effect obtain;d with pairs of words that are phonemically‘related
(rhyme) . The seventh chapter presents two experiments which focus on
the transformation effect that involves the superior retention of
sentences read in geometrically transformed rather than normal
typography. These two sets of experiments indicate that the proposed i
framework provides a promising investigative tool not only for the
generation effect, but also for related memory phenomena.

The final chapter will summarize the empirical work and discuss
Eheoretical conclusions. It will consider other extensions of the
framework, indicate unresolved issues, and outline directions for future

&
research.

2
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Chapter 2

REVIEW OF EMPIRICAL AND THEORETICAL WORK AND AN INTERPRETIVE FRAMEWORK

This chapter sets the stage for the theoretical and empirical
work included in this dissertation. MNumerous experiments have compared
mémory for materials that were subject—generated with memory for
materials that were just read. They employed different paradigms and
different verbal materials. Various theoretical arguments have been
proposed in inéerpretation of the findings. Since these arguments
contributed significantly to the formulation of an alternative
interpretive framework for the generation effect, this review will focus

on the existing interpretive views.

2.1 Review of empirical work

The central focus of this thesis is confined to the intrinsic
learding advantages of generating as compared to reading. Within those
counfines, two criteria must be met to demonstrate a generatlon éfgect:
first, retention performance gn self-generated'materials must exceed
performance on materials that were just read, and second the materials.
studied in the Generate and in the Read condition must not differ in any
way that could in itself account for the observed retention difference.
The ff?;;A:;ﬁferionbis self evident; the second requires elaboration.

It is well documented that some verbal materials are better remembered
than others. To give a few examples, meaningful sentences are learmed
faster than random lists of grammaticdlly ordered words (Marks & Miller,

11
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1964; Schulman, 1974),\words are learned faster than nonsense syllables
(Noble, 1952), concrete words are learned faster than abstract words
(Borkowski & Eisner, 1968; Paivio, Yuille, & Madigan, 1968), and
personally relevant information is acquired more readily than
nonrelevant information (Keenan, MacWhinney, & Mayhew, 197%; Rogers,
Kuiper, & Kirker, 1977). Consequently, if the materials studied in the
Generate and Read conditions differ in any potentially interpretable
respect, this difference may in itself partially or totally account for
the observed difference in retention performance. In other words, the
difference due to the study materials would be completely confounded
with the difference due to generating and reading. In order to limit
the sources that contribute to the generation effect to the cognitive
activities involved in generating and in reading, it is easiest to

present identical materials for study in the Generate and Read

condition.

The confounding of materials between the Generate and Read

,

conditions presents a ﬁajor problem in the interpretation_of the early
research., The impetus for this early research was evidence that
randomly paired words were easier to remember as a pair 1f they were
linked to each other by another word or short phrase (Montague, Adams, &
Kiess, 1966; Adams & Montague, 1967). The effectiveness of such
mediator words or phrases was extensively documented. In addition,(it
was also noted that adults learned pairs of words moré quickly 1f they
were requlired to independently generate a sentence containing the two

words of a palr, as compared to whew ‘they just read such a sentence

supplied by the egierimenter (Bobrow & Bower, 1909; Bower & Winzenz,
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1970). However, ip these studies, there was no controlﬂover the
mediator sentences that the sub;;cts generated, and as a result, these
sentences probably differed from those supplied by the experimenter.
Therefore, the observed retention levels may reflect either a difference
1n memorability for the generated and supplied mediator sentences, a
difference in retention due to generating and reading, or a combination
of both. In short, in these studies differences in the study materials
were completely confouhded with differences due to study conditions,
making Iinterpretation impossible.

With a growing awareness of this type of confounding, (‘
investigators turned to variops -approaches d;signed to insure thaé
exactly the same materials were studied in thg Generate and Pead
condition. Among these, perhaps the most promising, albeit deceptive,
was the yoking procedure.‘ The essential element in a yoking prdcedure
18 that the materials generated by one subject are supplied to another
subject in the Read condition. By yoking subjects in this mamner
exactly the same materials can be studied in both the Generate and\che
Read condition. Both Pelton ﬁ1969) and Bruner (1961) relied on such
yoking 'procedures to insure c;mparability of materials st;diea in the
Generate and Read condition. Bobrow and Bower (1969) used -a more
fndirect yokiﬁg‘approach. Searching through theilr records of the
sentences that subjects had generaté&, they identified a fair number
that were identical to sentences that had been supplied to other
;ubjects in the Read condition., A comparison of retention of these
sentences revealed better performance in the Generate condition than in

the Read condition. In summary, relying on some form of a yoking

N\
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procedure, many investigators reported differences in retention that

they attributed to the difference between generating and reading. These
researchers were confident that the observed generation effects were not
confounded with material differences.

However, the yoking procedure introduces a confounding that is

subtle and considerably more difficult to identify than a direct
matgrial difference. This difference stems from the selection of

‘

idiosyncratically effective mediators, To illustrate, the subjects who
are all;wed to generate sentences containing two Qords may construct
sentences that are subjectively meaningful, vivid, and closely tied to
pérsonal experience. Such sehtences are highly memorable (Rogers et
al., 1977, Réye, Johnson, « Taylor, 1980), but uniquely memorable to the
ﬂﬁ\erson generating them. For a qued subject who is given these
s;ntences, but who does not share the same experiential background as
the person who generateﬁ them, the same sentences may be considerably
more difficult to remember, Thus, éven Qhen nominally identical items
are studied in the Generate and Read condition, the difference in
retention performance may still be confounded with idiosyncratic
~material differences,
A superiority in retention between the Generate and Read
o
condition can be attributed to é difference in the cognitive activities
involved in generating and,reading only when both actual material
differences and idiosyncratic material differences are avoided. Meeting
this requirement demands that the materials that will be generateﬁ can"
be predicted. With such prigtctability, exactly the same materiai% can
be prescribed for study in both the Generate and the Read condition, and

)
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they will not be idiosyncratically more memorable in either condition.
The literature presents two approaches thaE have been used for achieving
high predictabilit& of materials to be generated. The first approach
developed from the work of BobrbY and Bower (1969), and focused on the
effects of generation on words within sentences. The second approach
was pioneered by Schwartz (1971) and by Schwartz and Walsh (1974) and
examined generatiqn effects with word pairs. These two approaches are

reviewed separately.

Generating words within sentences. .Anderson and his colleagues
(Anderson, 1970; Anderson, Goldberg, & Hidde, 1971; Anderson & Kulhavy,
1972; Anderson, Royer, Kulhavy, Thornﬂurg, & Klemt, 1971) employed a
generation manipulation that greatly increased the likelihood that the
materials supplied in one condition would be exactly the same as those
produced in the Generate condition. Previously, Anderson, Royer,
Kulhavy, Thornburg, and Klemt (1971) obtained some evidence suggesting
that paired-associaée learning was facilitated when the pair (e.g., SIG-
YELLOW) was presented in a thematic sentence. In paired-associate
learning, sybjects are learning to give the response term (e.g., YELLOW)
when the stimulus term (e.g., SIG) is presented. The facilitated
learning reported b? these authors occurred only when the thematic
sentencé containing the words was first briefly expoged with a blank
ingserted in place of the response term of the pair (e.g., Beforé turning
red, traffic SIG are o — —— —..). This outcom; led Anderson, Goldberg,

and Hidde (1971) to present sentences constructed such that the last

word was determined or constrained by the context formed by the rest of

2
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the sentences (e.g., Mothers bake delicious apple = ). Since all
subjec@% completed these sentences in the expected way, the superior
retentlon reported for words that were generated, rather than read,
provided a convincing demonstration of the beneficial memorial
consequences accompanying the activity of §enerating.

Supportive results have also been reported by Kane and Anderson
(1978) who'introduced an interesting procedural variation. These ~
authors provided subjects with incomplete sentences in the Generate
condition, some of which were highly constrained (e.g., The nurse lost
the notes from the clip ), and others that allowed more than

one completion (e..g, Most people like coffee with _ ). For the
imperfectly constrained senteunces, Kane and Anderson arbitrarily
designated one response as correct (e.g., SUGAR) and the other(s) as
incorrect (e.g., CREAM). During study, when a subject produced an
incorrect completion, the experimenter offered the correct one to the
subject who simpiy repeated it. Consequently, when an incorrect
completion was given, subjects were not required to generate the correct
coupletion but simply to speak it aloud just as in the Read condition.
Thus, these authors were able to compare not only retention of words
that were read with words that were correctly generated, but also with
retention of WOIdSAthat were incorrectly generated, as well as with

retention of experimenter-~supplied corrected words.

The results from a later retention test revealed that the words

from correctly completef sentences were remembered better than the words

that were only read. However, performance on the incorrectly generated

words and on the e%perimenter—shpplied corrected words also exceeded the
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level of retention observed in the Read condition. These surprising
results suggest that explicit generation of an item may not be necessary
for that item to show a generation effect at recall; it may be
sufficient that an attempt was made to generate that word. However,
whether or not attempted generation 1s sufficient for the appearance of
a generation effect remains to be demonstrated, since the procedure
employed by Kane and Anderson (1971) introduced idiosyncratic item
selection effects. Specifically, subjects who completed the weakly
constrained sentences probably responded with completion words that were
personally appropriate or relevant. Such idiosyncratically appropriate
words are well remembered (Rogers et al., 1977; Taylor et al., 1980).
The experimenter-supplied corrected words may have enjoyed a retention
advantage by virtue of being closely®¥klated to these idiosyncractically
effective words, rather than by being related to words that were self-
generated. . |

Nevertheless, as will be further illustrated below, the act of
generating seems to coqfer a retention advantage not only on the item
that is produced but also on the material that guides or constrains the
prodggtion. For example, Anderson, Goldberg, and Hidde (1971) required
subjects to reproduce the sentences that had beenhused to constrain the
production of words. Subjects were asked to reproduce the constraining
sentence (e.g., Mothers bake delicious apple _ _ ) when given the }
coﬁpletion word (e.g., PIE) as a cue for recall. The authors reported a
generation effect not only on the words that were used to complete the
sentences, but when given thé completion words as recall cues, the

constraining sentences also showed & generation effect.
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" In summary, the research on the generation of words within .
sentence; offers (a) a convenient paradigm to insure comparability of
materials in the dénerate and Read condition, (b) a convincing
demonstration of the beneficial memorial consequences of generating over
reading, and (c) an indication that the activity of generating confers a
memorial advantage over materials that are not actually generated. This
last observation raises questions about the appropriateness of the label
“generation effect.” However, since the phrase "generation effect”
serves Qgrely as a label for the memorial effects associated with
generation, whether they are a direct or indirect comsequence of it, its
applicability remains defeusible.

In concluding this section, it is perhaps worth pointing out
that the work on the generation of wo;ds within sentences has an
interesting parallel in research examining the effectiveness of self-
instructional programs that require filling in blanks. A single frame
from such a program bears a strong resemblance to'the stimuli used by
Anderson and his coileagues. Yet in the light of the obvious
resemblance between the activity of generating and that of filling in
the blanks in the frame of a self-instructional program, it is rather
surprising that students who write answers to the frames in a program
often learn no more than students @ho read the frames with the blanks
already filled in (e.g., Anderson, Faust, & Roderick, 1568; Della-
Piana, 1962; Stolurow & Walker, 1962). A reexamination of these
programs, however, revealed that many instructiénal programs
systematically oversupply the learner with the requestéd information

(Kemp & Holland, 1966); the frames to be filled in present the required
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information in a prominent place to the learner who simply inserts it in
the available blanks. Kemp'énd Holland'(l966) selected numerous self~
instructional programs that did not permlt such systematic filling in of
answers, but that required the learnmer to interpret and to rearrang; the
material supplied in order to use it in the production of an answer.
These programs coﬁfﬁrred substantial learning advantages. It is worth
noting that these task requirements resemble the manipulations used in

the experiments described in this thesis.

Generating word pairs. A different approach to the problem of

separating the beneggcial memorial effects of generating from the
effects due to material and idiosyncratic item selection was taken by
Schwartz (1971) and by Schwartz and Walsh (1974). Schwartz's subjects
worked with letter-word pairg (e.g., A-PIE; D—CAT). Subjects in the
Read condition were given complete pairs to read (e.g., APPLE~PIE; DOG-
CAT), while the Generate condition required completion of each éair with
a word that (a) began with the supplied letter and (b) was commonly
associated with the other word. With this procedure, 86 per cent of the
words were identical in the Generate and in the Read condition.
Schwartz (1971) reported a Small but significant recall advantage in the
Generate as compared to the Read condition.

Even higher predictability of materials studied in the Generate
condition was achieved by Schwartz and Walsh (1974), but then the
advantage due to generating all sut disappeared. Subjects in the Read

condition were supplied with two letter bi-grams linked to one another

with a single mediator-letter (e.g., CR -~ o - WD; EV - e = NT). The
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generate subjects had to produce their rown mediator-letter to link the
two bi-grams (e.g., CR - - WD; EV - - NT); they were instructed to
choose mediators such that the linked bi-grams would form words. With
this paradigm, the authors reported achieving 94 per cent predictapility
of generated mediators in one experiment and 98 per cent in another, but
the usual retention édvantage found with generating as compared to
reading disappeared. Therefore, Schwartz and'Walsh (1974) were forced
to conclude that the typical generation effects reported by Bobrow and
Bower (1969), Bower and Winzenz (1970), Pelton (1969), and by Schwartz
(1971), were obtailned because subjects in the Read condition were
unfairly disadvantaged. They explained that the read subjects were in
some Instances prevented from using mediators that might have been
idiosyncratically more effective. In short, they concluded that there
was no retention benefit assoclated with the activity of generating as
compared to reading.

However, the results reported by Schwartz and Walsh (1974) may
have stemmed from a procedural peculiarity that prevented_the appearance
of a generation effect, Unlike other experimenters, Schwartz and Walsh
instructed subjects in one experiment (Experiment 1) to spell out the
words supplied in the Read condition and those constructed in the
Generate condition, and they limited the written récall of 10 words to
45 seconds in another experiment (Experiment 2). Although it is not
immediately apparent how the spelling task couid have prevented the
appearance of a generation effect, thé speeded recall test may simply
not have given subjects sufficient time to reproduce all the words that

they remembered. Consequently, while these authors pioneered a
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promising paradigm fog achiev%ng comparability of materials studied in
the Read and Generate condition, their procedures differed considerably
from previous inve;tigations, making comparisons of results difficult.

Slamecka and Graf (1978) combined a variant of the paradigm
developed by Schwartz and Walsh (1974) with the traditional study
procedures used in paired-assoclate learning, and observed substantial

generation effects. These authors provided subjects with a rule for

relating two words, such as rhyme or opposite, the left~hand member of a

word pair and the first letter of the right-hand member (e.g., HALL-
B___ _; YOUNG-0 _ _). Subjects in the Generate condition were
instructed to complete each pair using a word that was related to the
left-hand member according to the specified relational rule; the to-be-
generated word also had to begin with the initial letter provided for
the right~hand member. For example, using the relational rule rhyme,
the left-hand word HALL, and the initial letter B, the word BALL was
generated, and then the complete pair spoken aloud. Subjécts in the
Read condition were also informed of the relational rule, yet ;heir task

was gimply to read the supplied words of each pair aloud. With the

. production constraints imposed by this paradigm, for some experiments,

over 99 per cent of the words generated were also supplied by the
experimenter in the Re;d coﬁdition. Slamecka and Graf reported that
with a variety of reiétional rules (rhymes, synonyms, opposites,
category, associate;), designs (within and between subjects), study

procedures (paced and unpaced), and test procedures (recognition, free

recall, and cued recall), there wis a consistent large memorial
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advantage assoclated with having generated, rather than only read, the
right-hand member of the word pair.

Similar results were reported by Jacoby (1978) who required
subjects to insert missing letters in the right~hand member of
associated word pairs. To examine whether the difficulty of the
generation task influenced retention performance, Jacoby supplied word
pairs that had either twp missing letters (e.g., FOOT-S _ _ E), or only
one (e.g., CHEQUE-M NEY). " Memory performance was not affected by this
manipulation, These results were replicated by Donaldson and Bass
(1980) who also asked subjects to insert a single letter in the right-
hand member of word pairs (e.g., TIGER-STRIP _S). However, these authors
made the generatlon task even more trivial by (a) insuring that the
missing letter was always an E, (b) informing their subjects of this
condition, and (c) always underlining the corresponding supplied letter
in the Read condiFion (e.g., TIGER-STRIPES). Nevertheless, there was a
substantial memory advantage due to generating as compared to reading
that was not significantly smaller than that observed with a more
demanding generation task. .

In summary, the research examining the generation effect with
word pairs provides (a) a convenient and flexible paradigm, and (b) a
convincing demonstration of the robustness of the generation phenomenon
over a wide variety of materials and conditions. 1In addition, the
results reported by Jacoby (1978) and by Donaldson and Bass (1980) imply
that the magnitude of the memorial benefit of generating as compared @o

reading is not closely related to the difficulty of the processing task.
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Evidence from related phenomena. Numerous investigators have

employed procedures and reported results that bear a close resemblance
to work on the generation phenomenon. To illustrate, Gardiner, Craik,
and Bleasdale (1973) examined whether the difficult 1nitial retrieval of
a word conferred a subsequent recall adyantage upon it. Théy presented
subjects with definitions of common and rare words and measured the time
required to retrieve (génerate) these words from memory. Subsequent
recall performance for words that were difficult to retrieve (requiring
more than 15 seconds) was better than recall of words that were easy to
retrieve (requiring less than 15 seconds). A similar demonstra;ion of
the effects of the difficulty of an initial task on later retention was
offered by Auble and Franks (1978). They presented subjects with
ambiguous sentences (e.g., The notes were sour because the geam split)
together with disambiguating clues (e.g., bagpipe). Auble and Franks
varied the time interval between the presentation of the sentence and
the disambiguating clue, and instructed subjects to attempt a meaningful
Interpretation of the sentence during the interval. Retention was
higher when the clue followed the sentence after a time interval.than
when the sentence and the clue were presented closely together. The
subjects' effort toward comprehending the sentences was positively
related to recall.

In the light of the findings indicating that the difficulty of
an initial task is positively related to retention performance (Auble &
Franks, 1978; Gardinér et al., 1973), it is perhaps surprising that
neither Jacoby (1978) nor Donaldson anq Bass i1980) observed a similar

relationship between the difficulty of their generation tasks and
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recall. However, since neither Jacoby nor Donaldson and Bass offer an
independent index of the difficulty of their generation tasks, the
relationship between their data and those of Auble and Franks (1978) and
Gardiner et al. (1973) remains to be determined.

Also bearing a close resemblance to work on the generation
effect is the research of Anderson and Kulhavy (1972) on the learning of
words from definitions. These authors demounstrated that the learning of
a word-meaning is facilitated if the learner is forced to apply the word
in a sentence (generate a sentence), as compared to when such a seantence
is simply read by the subject. However, a similar procedure yielded
slightly ambiguous results in the work of Erdelyi, Buschke, and
Finkelstein (1977). Erdelyi et al, offered subjects riddles that
permitted a single word solution. A comparison of retention performance
between subjects who generated the solutions and those who simply read
thewr showed differences only after the initial t;st trials. The absence
of a generation effect on the initial test trilals remains unexplained.

More consistent patterns of results resembling the generation
effect are obtained by researchers who have followed up another aspect
of the work reported by Bobrow and Bower (1969). In one experiment,
Bobrow and Bower supplied subjects with sentences (e.g., The farmer
discovered a diamond) and instructed them to produce.a sensible
continuation for each (e.g., He sold it to a jeweler and used the money
to buy a tractor). Retention of the supplied sentences was considerably
better in the senteﬁce continuation condition than in a condition that
required repeating each study sentence three times. These results have

been replicated by Griffith (1976) and by Masson and Sala (1978).
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Mistler—Lachman (1974) added an interesting variation by demonstrating
comparable memorial benefits when subjects were required to generate
(think of) a meaningful relationship between two supplied sentences and
when they generated a continuation sentence. The results obtained in
these sentence continuation experiments, and by Mistler-Lachman, are
particularly interesting because they demonstrate most clearly the
indirect beneficial memorial consequences conferred upon material that
constrains the generation of a response,

The indirect beneficial memorial consequences of generating have
been harnessed for educational purposes by Wittrock and his colleagues
(e.g., Wittrock, 1974, 1977; Wwittrock & Carter, 1975; Doctorow,
Wittrock, & Marks, 1978). To illustrate, Doctorow et al. (1978)
reported that requiring students to generate sentences about story
paragraphs after reading each resulted in substantially better
comprehension than instructions to just read the story. In other
experiments with children, generating sentences to summarize paragraph-
meanings nearly doubled reading comprehension of commercially available
reading materials (Marks, 1975, cited in Doctorow et al., 1978).
Finally, Rickards and August (1975) showed beneficial memorial
consequences for students who were instructed to find and underline the
nmost important sentence in each paragraph of a text. These students'
achieved higher comprehension scores than their colleagues who read a
text with experimenter underlined sentences. It is noteworthy, however,
that instructions to underline the least important sentence of each
paragraph produced a decrease in comprehension, when compareh to the

experimenter supplied group.
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Finally, this section on evidence related to the generation
effect would be incomplete without mention of Kolers' extensive work
(e.g., Kolers, 1973, 1975, 1976; Kolers & Ostry, 1974) on the
transformation effect. The transformation effect concerns the superior
retention of sentences read in geometrically transformed as compared to
normal typography. 1In a typical experiment, Kolers instructs subjects
to read aloud two sets of sentences, a read or study set, and a
recognize set. Each set contains some sentences in normal typography
and some in geometrically transformed typography (e.g., upside down or
mirror transformed). The recognize set includes all of the sentences
contained in the read set as well as some new ones. While reading the
sentences in the recognize set, subjects must classify each sentence
either as totally new (not included in the read set), as an old sentence
in the same typography as on its appearance in the read set, or as an
old sentence in a new typography. Kolers has reported that sentences »
were recognized substantially better if they were initially redd in
transformed rather than in normal typography. Furthermore, subjects
retained information about the meaning of these sentences, as well as
about thelr appearance, for a period of more than a year (Kolers, 1976).

Although an analysis of the superficial demands involved in the
generation of a sentence and in readlng one in transformed typography
reveals no similarities, the latter task also seems to include some
generation of verbal materials. Specifically, a sentence displayed in a
transformed typography, such as mirror transformed, represents an
unfamiliar stimulus:that it is difficult to read. Instead of reading

such a sentence letter by letter, or word by woréﬂ“a subject may read
=4

A
-
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only some of its parts and try to generate (guess at) the rest of the
sentence; he or she may generate words that could follow from what was
read and verify whether these generated words are similar to those shown
in the transformed sentence. Based on this argument, the transformation

effect seems to bear a strong resemblance to the generation effect.

Summary of empirical work. It is apparent that the generation

effect is not an isolated phenomenon with closely delimited boundary
conditions. The literature contains numerous related paradigms that
require some degree of generation of the materials to be remembered.
Generation effects are also reported f?r materials that are used to
guide or to constrain the generation of verbal materials. It is
advigable to be cautious in iunterpreting many of the findings from
studieé related to the generation phenomenon since the effects of
material and idiosyncratic item selection are often hopelessly
confounded among the various experimental condicions.' The main reason
for describing this related research was to demonstrate the
extensiveness of work on this etfect. 1In the light of this related
work, it seems apparent that in developing an interpretation for the
generation phenomenon, its generalizability to this related work should
be a consideration. The next section will describe existing

interpretive views and examine how they generalize to this related work.

\/\\
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2.2 Existing interpretive views

Several interpretive views have been advanced in explanation of
the generation phenomenon. This section outlines these views and
examines how well they can accommodate both the evidence available for'
the generation effect and from related work, and the additional evidence
that is presented in this thesis. To anticipate this additional
evidence, several experiments included in this thesis show that
generating as compared to reading a sentence has two effects. First, it
increases the memorability of the words of the sentence. Second, it
also seems to foster the formintg of meaning based relationships aﬁong
these words.

The most prominent views tnat have_been offered in
interpretation of the generation effect are: (a) the comprehension
view, (b) the levels of processing view, (c) the distinctiveness view,
and (d) the retrieval practice view. These views are mainly exploratory
frameworks that have been successfully applied to other‘memory
phenomen§. However, the profitability of their application to the
generation effect i{s severely limited since they do not distinguish
between effects of generating as compared to reading on the memorability
of individual words and effects on the relationships among the words,
Consequently, the evidence offered in this thesis showing effects of
generating as compared to reading a sentence at béth of these 1092 was
not anticipated and cannot readily be accommmodated by the exiséing
interpretive views, The alternative interpretive framework detailed at
the end of this chapter anticipated both effects of gegerating as

compared to reading.
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Comprehension view. The oldest and perhaps most popular

interpretation offered in explanation of the beneficial memorial effeéts
of generating as compared to reading was articulated by Bobrow and Bower
(1969). These authors offered the intuitiveiy appealing observation
that retention is a positive function of éomprehension. In addition,
they suggested that generating as compared to reading sentences insures
more reliable comprehension. In short, generating produces better
comprehension which in turn facilitates retention performance. Anderson
(1970) supported this notion by arguing that the requirement to‘generate
a sented%% demands "full ﬁrocessing from the learner” (p. 364). He
stated that learning is facilitated because the gene;ate task requires
meaningful processing of the study materials whereas a person “"can read
... without pringing to mind the meaning of the words he is speaking"”
(p. 364). MNumerous authors adhere to this view (e.g., Griffith, 1976;
Mist19}~Lachman, 1974; Wittrock, 1974; Doctorow et al., 1978).

However, the comprehension view is not we}l articulated and it
is not cleaf{what data could be mustered against it. This lack of
specificity makes the comprehension view able to accommodéte almost any
available data, but eliminatesait as a serious interpretive candidate

-

for the generation effect, because it is largely untestable, It is

"

difficult to imagine how one would examine notions of comprehension

(Anderson, 1972) particularly using the materials that are often

-

employed in generation experiments (words and word pairs). A more

¥
<

significant obstacle is to separaﬁe the direct effects of generating on

comprehension from indirect comprehension test effects mediated by
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better memory for the study materials. That is, the increased

comprehension may stem from better memory for the generated materials.

Levels of processing view. The comprehension view has obvious

parallels with the initial conceptualization of whe levels of processing
framework (Craik, 1973; Craik & Lockhart, 1972; Craik & Tulving, 1975).
This framework portrayed memory as a by-product of the perceptual and
conceptual activities that were required for the initial analysis of
to-be-remembered materials. The original levels of processing framework
consisted of a continuum of processing levels or domains (Lockhart,
Craik, & Jacoby, 1976). One end of ghe continuum was marked by shallow
processing of the superficial aspects of the to-be-remembered materials,
such as grapﬁemic and'phonemic features, while the other end was
delineated by deep processes involving the analysis of the semantic
properties of the study materials.\ The basic postulate of the frameworg
was that a deeper, more meaningful analysis of the study materials leads
to more durable memory traces than an analysis of the sound and other
superficial properties of the materials. In short, it was proposed'that
retention performance was a positive function of the depth to which tlie
study materials had been processed.

The levels of processing framework was not presented as a theory
of memory that is amenable to hypothesis testing (Craik & Lockhart,
i972; Lockhart & Craik,~1978). The inteng was to provide a heuristic
for describing and for advancing understanding of the ‘relationships
between the cognitive activities assumed to Ge engaged in during study

of to-be-remembered materials and subsequent retention performance.
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Although this framework has been criticized on several grounds (e.g.,
E¥:enck, 1978; Nelson, 1977; Postman, 1975), there is a multitude of
research supporting the proposed relation between various processing
tasks and fetention (e.g., Craik, 1979; Cermack & Craik, 1979).

Since the levels of p{ocessing framework was advanced as a
heuristic for characterizing the relationships between various -
processing tasks and retention performance, the central issue 1is whether
this‘view offers an adequate description of the evidence available for
the generation effect, The adequacy of this hescription has been
seriously questioned by three recent studies and by the additional
evidence presented in this thesis. To illustrate, Mistler-Lachman
(1974) compared retention performance in a condition where subjects
generated continuation sentences, to a condition where they judged the
meaningfulness of the study sentences. Performance in the continuation
cqndition was substantially better than performance in the semantic
judgement condition. McFarland, Frey, and Rhodes (1980) replicated this
finding reporting ﬁh;t gubjects who generated a word to fit a specified
context remembered more than subjects who decided whether the
experimenter—supplied word fit the same context. The original levels of
processing framework offers no basis for predicting and for describing
memory differences between two study gasks that require semantic
processiné. Since the present studles iﬁdicate that genegﬁting is more
beneficial to memory performance than a deep semantic processing task,’
it appears thét generating does not just require more semantic

processing than reading, it seems to require different processing.
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An additional shortcoming of a levels of processing description
for the generatfon effect is revealed by the data reported by Slamecka
and Graf (1978). These authors used 6§}iou; relational rules to
constrain the generation of words. Some rules were closer to the
shallow end of the processing continuum of levels of processing (such as
rhymé) while others were closer to the deep end (such as synonym).

Since these diverse generation rules probably required different levels
A{fﬁbrocessing, it seems to follow that the magnitude of the generation
effect should havé varied with the depth of processing. required by the
rules. However, the results reported by Slamecka and Graf show no
evidence supporting such an argument. These results also indicate that
generating is not just deeper processing than reading; it's memorigl
benefits appear to stem from other sources.

More important, however, the levels of proéessing f ramework does
not afford an adequate description of the findings reported in this
thesis, These findings reveal that generating as compared to reading a
sentence has two effects, one on the memorability of the words of the.
sentence and one on the formation of relationships among these words.
The levels of processing framework offers no basis for anticipating the

possibility of effects at more than one locus. Consequently, the

profitability of its application to the generation effect in future

research remains questionable.

Distinctiveness view. Contemporary reports (e.g., Donaldson &

Bass, 1980; McFarland et al., 1980; Jacoby, 1978; Slamecka & Graf, 1978)

have favoured an alternative interpretive view of the generation effect.

—



This view emerged from recent revisions and amplifications of the
original levels of processing framework (e.g., Craik, 1977; Jacoby,
1974; Lockhart & Craik, 1978; Moscovitch & Craik, 1976). The original
framework emphasized the meaningéulness of particular processing
activities in determining the retention of a word, but it treated
meaning as a fixed entity that was assumed to have been either
completely encoded %uring study or not encoded at all. The notion of
distinctiveness was advanced in order to overcome the difficulties
re;ulting from treating meaning as a fixed entity.

Several authors (Garner, 1974; Harris, Begg, & Upfold, 1980;
Olson, 1970) have pointed out that the description of an object depends
on what the object must be discriminated from, and that the meaning of a
word is determined by the distinctions that it conveys in a certain
context. Recognition of the importance of context and task requirements
for determining the description or meaning of an object is central to
the notion of diétinctivenpss (Craik & Jacoby, 1979). According to
this notion memory is a by-product of the perceptual and conceptual
activities required for the initial analysis of to-be-remembered
materials (e.g., Ctaik & Lockhart, 1972; Craik & Tulving, 1975). The
phenomenal experience of memory occurs when the rememberer reengages in
activities performed previously (Kolers, 1973, 1975; Mosgovitch &
Craik, 1972; Restle, i974). There is disagreement about the exact
psychological processes that are assumed to underlie the experience of
recognition. According to some authors {Kolers, 1973, 1975; Restle,
1974), the initial performance of an activity facilitates its subsequent

performance, and it is this facilitation that underlies memory. Other
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authors (Bower, 1967; Craik & Lockhart, 1972; Moscovitch & Craik, 1976)
assume that subjects retain a record of the perceptual and'conceptual
operations involved in analyzing an item when it is presented for study
as well as when it appears on the test. Recognition ozcurs when the
study record matches the test record. Inspite of this important
disagreement, there is a consensus that memory depends critically on the
quality and quantity of the cognitive activities involved in perception
and comprehension that diétin;tively characterize~or describe the to-be~-
remembered material. v
Kolers offered such a view of memory in interpretation of the
memorial consequences of skilled and unskilled reading. He suggested‘
that the unskilled reader retains 4 richer .and more distinctive memory
from an encounter with a sentence than the skilled reader (Kolers, 1975;
Kolers & Ostry, 1974). The skilled reader knows from experience where
to attend and where not to attend. He or she may have to focus on a few
critical words; the rest of‘the sentence can be constructed from
knowledge gathered in previous encounters with text (Kolers, 1975). The
unskilled reader does not know where to focﬁs, nor has he or éhe learned
to separate the important from the irrelevant information. In addition,
the whole sentence may have to be aﬁalyzed word by word, or even letter
by letter, because there is less knowledge accumulated from previous
encounters with text that can be relied upon in construgting the Qords
or parts of the sentence from memory. Thus, more relevant ang
irrelevant analyzing operagions are involved in unskilled Qeading than

in skilled reading. As a consequence, when the same sentence is,
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encountered after unskilled reading, there is a greater chance that the
same mental operations will be reinstated.

Perhaps encouraged by the success of the notion of
distinctiveness in describing the memorial consequences of skilled and
unskilled reading (Ko%ers, 1975; Kolers & Ostry, 1974) as well as other
memory phenomena (e.g., Eysenck, 1979; Jacoby, Craik, & Begg, 1979), two
subtly different distinctiveness views have been offered in
interpretation of the generation effect. Thé first view was presented
by Slamecka and Graf (1978) and Donaldson and Bass (1980). They
specified that the relationship between the words of a pair may be more
distinctively encoded in the Generate than in the Read condition, since
reading does not “"effectively demand any registration of that relation”
(Slamecka & Graf, 1978, p. 603). But results reported by McFarland et
al. (1280) seem tO argue against this position. These authors
instructed subjects to complete each of a series of sentences with a
word that did not fit the rest of the sentence. It is unclear whether
or how subjects attempted to relate these completion words to the
sentences. Neyertheless, these unfitting completion words were
remembered as wéll as,; or even better than the appropriate completion
words., Thus, McFarland et al. argued that distinctive "itemcontext
integration must be rejected as an explanation for the generation
effect” (1980, p; 222) . However, the results reported by tbese\hukhors
are hopelessly confounded with material and idiosyncratic itém selection
effects, since the experimenters had no control over the words that
subjects generatgd. Thus, the notion of a more distincti;e encoding of

the relationship between the words of a pair in the Generate than in the
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Read condition still offers a possible, albeit incomplete, description
of the géneration effect. Its incompletenesss stems from focusing on a
single locus of the effects of generating as compared to reading, while
this thesis presents evidence that generating has effects at two loci.

A subtly different distinctiveness account was espoused by
McFarland et al. (1980) and by Jacoby (1978). These authors emphasized
the distinctiveness of the activity of generating. They suggested that
while reading is a highly practiced skill, most subjects are novices at
the task of generating. The well practicéd execution of the routine
activities involved in skilled reading leaves few opportunities for
reinstating the same activities later. In contrast, the slow and
unpracticed execution of the novel ;ental activities required in
generating vergal materials includes a unique and highly distinctive set
of activities, allowing more opportunities ‘for recognition. This
account also focuses on a single locus of the effects of generating as
compared to reading:

In summary; distinctiveness interpretations oﬁ\the generation
phenomenon (a) receive some support from the work of Donaldsoq and Bass
(1980f, (b) are supported by numerous studies concerned with extensions
of the levels of proéessing framework (e.g., é;senck, 1979; Jacoby,
Craik, & Begg, 1979), and (c)'they successfully account for the memorial
consequences of unskilled reading (e.g., Kolers, 1973, 1975; Kolers &
Ostry, 1974). However, the profitability of a distinctiveness

A

interpretation of the generation effect is limited since it focuses
ey

attention on a single locus of the effect, Evidence presented in this

thesis shows that generating as compared to reading a sentence affects
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both the memorability of the words of the sentence and the relationships
among these words. The notion of distinctiveness does not afford an
adequate description of these findings.

¢

Generating as retrieval practice. A related but substantially

different interpretation of the generation effect evolves when one
compares generating to retrieval from semantic memory (e.g., Slamecka &
Graf, 1978). Generation of a word may be viewed as the initial
retrieval of that word from semantic memory which facilitates later
recall of the same word. Since all materials are given to the subject
in the Read condition, reading does not require retrieval of these
materials from semantic memory. There is substantial evidence attesting
to the memorial advantages of an initial recall test on a subsequent
recall test (e.g., Bjork, 1975; Darely & Murdock, 1971; Browﬁ; 1976) ,
and on recognition tests (e.g., Rabinowitz, Mandler, & Patterson, 1977).
These supporting results present this view of the generation effect as a
possible albeit incomplete alternative. Its incompleteness stems also
from limiting the effects of generating as compared to reading to a
single locus.

In addition, as Slamecka and Graf (1978) have noted, "this type
of explanation also comes close to being only a restatement of the very
finding it seeks to explain, that is, that a generated word is better
remembered chaq one that was read because it was generated (recalled)"”
(p. 603). McFarland et al. (1980) offer a way out of this circular
argument suggesting that “"retrieval modifies an item's representation in

wmemory according to the way in which retrieval is conducted” (p. 222).

-
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Furthermore, they observe that a difficult initial retrieval may require
more decisions and more unsuccessful attempts than an easy retrieval
(Gardia;r et al., 1973; Jacoby et al., 1979),%resulting in a more
distincLive memory trace, Generating may involve a more difficult
retrieval act than does reading. .

An alternative possibility suggested by the observation that
retrieval modifies an item's representation aécording to how retrieval
was accomplished (McFarland et al., 1980) is indicated by the work of
Morris, Bransford, and Franks (1977). The idea is that there is a
greater similarity between the processes involved in generating and the
usual tests used in the assessment of retention, than between reading
and those tests. Morris et al. (1977) have demonstrated that the degree
of overlap between the study and test conditions is an iméortant
determinant of performance.

In summary, the retrieval practice account of the generation
effect remains a viable but incémplete alternative. The -view does
require a more explicit restatement which may, however, reveal it as
indistinguishable from the distinctiveness account. This view and the
distinctiveness view lack the generalizability that characterizes the
comprehension notion. To illustrate, while completing a sentence with a
word probably requires retrieval of that word from semantic memory, it
is not readily appafent why, in these views, the constraining (but
experimenter supplied) sentence should enjoy‘a memorial benefit

comparable to that of the target word.
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Other views. In addition to the interpretive notions of the
generation effect just described, it is possible to entertain a number
of more quantitative accounts. To illustrate, it may be argued that
generating is a more effortful task than reading (e.g., Auble & Franks,
1978; Griffith, 1976), and that retention is a function of the
effortfulness of the processing task. However while the amount of
effort expeQded on a task may provide a useful correlafe of cognitive
activity under some conditions (see Auble and Franks, 1978; Kahneman,
1973), it does not advance understanding of the generation effect. It
is the mental activities that require the expending of effort that
determine retention performance (Walsh & Jenkins, 1973). Other
quantitgtive accounts include the total time hypothesis, streagth
theory, and perhaps frequency theorwc These three views postulate
differential opportunities for studying the materials in the Generate
and Read condition. However, since recent research on the generation
effect carefully equated study opportunities in the two conditions,
these alxernatives can be rejected (Slamecka & Graf, 1978).

~

Summary of interpretive views. Various interpretive accounts

hav® been oFfered. %hgse’acebunts are Iintuitively appealing, and they
havé been successfully employed in the interpretation of other retention
phenomena. These views can accommodate most of the evidence currently
available for the generatign effect. They vary in terms of how well
they generalize to phenogena related to the generation effect. In
addition, given their descriptive nature, the existing interpretive

accounts do not permit the formulation of specific predictions, and the
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design of experiments for testing these predictions. Thus, there is
currently little direct empirical evidence that discriminates among the
available alternatives. More important, however, this thesis presents
niew evidence that generating as co&bared to reading a sentence has an
effect both on the memorability of the words of the sentence and on the
relationships among these words. The existing views cannot readily
account for the effects of generating as compared to reading at both of
these loci. Consequently, the profitability of their application to the
generation éffect in future research is questionable, and the generation
phenomenon remains without a well founded interpretive account (Slamecka

& Graf, 1978).

2.3 Alternative interpretive framework

The theoretical argfuments advanced in interpretation of the
generation effect by previous investigators contributed significantly to
the formulation of the present framework. In particular, the
comprehension view articulated by Bobrow and Bower (1969) suggested an
interpretétion based on organizational processes (Mandler, 1967, 1979;
Miller, 1956). The basic postulates of the comprehension view are
first, that generating as compared to reading results in becceg
comprehension of the stud§ materials, and second, that increased
comprehension mediates increased retention performance. Comprehension
of a sentence implies, among other things, that the meaning or meanings
of the words of the sentences are appreclated, and that these words are
related to one another in a well-structured unit. Appreciating the

meaning of a word may involve relating it to previous experiences, and
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it may require translation of the word in terms of such experiences
(Ausubel, 1963). The relationships amoung the words Iin a sentence can be
used to identify distinctive previous experiences stored in long term
memory, and they serve to modify such experiences. The meaning of a
gsentence is understood when a distinctive and unified representation of
the sentence has been formulated (Ausubel, 1963; Wittrock, Marks, &
Doctorow, 1975).

The comprehension view of Bobrow and Bower (1969) implies the
involvement 'of two organizational processes in the generation effect:
interword organization and intraword organization. Interword
organization refers to the organization among the words of a sentence
(Mandler, 1979). The notion of comprehending the meaning of a sentence
implies that the words of the sentence form an integrated, well-
organized, informational unit. The argument that generating, as
compared to reading, leads to better comprehemsion suggests increased
interword organization in the Generate as compared to the Read
condition. Numerous authors (e.g., Mandler, 1967, 1979; Tulving, 1962,
1966) have documented a positive relationship between increased
interword organization and retention performance. Thus, the generation
effect may in part be attributable to increased interword organization
in the Generate as compared to the Read condition.

One implication of chis.organizational process is that the
magnitude of the generation effectAshould be influenced by variables
that affect the comprehensibility of a sentencef Thé comprehensibility
of a sentence 1s a Eunccfon of its wmeaningfulness. The meaningfulness

of a sentence depends critically on the relationships among the words in

h)
N -
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a sentence. Meaningfulness may be defined by the potential for
direc;ing the reader to construct or reconstruct a particular mental
representation for an event, emotional state, etc. (Ausubel, 1963). A
list of randomly selected words arranged in a grammatical structure may
be defined as an anomalous sentence. Such a sentence does not Cypicglly
permit the construction of a unified mental representation; it remains
incomprehensible. The absence of meaningful relationships amoﬁg the
words of an anomalous sentence prevents, or at leas; hinders
substantially, the forming of a strong interword oréaﬂiéacion among the
words of the sentence. Consequently, on the argument that generating,
as compared to reading, increasei/igferword organization, this increase
in interword organization is expected to be larger for meanimgful
sentences than for anomalous sentences.

The second organizational process implicated by>che .
comprehension view of Bobrow and Bo;er (1969) concerns the organization
among the varioug elements of each word. This type of organization has
been labelled Iintraword organization (Mandler, 1979). The elemenis of a
word are, for example, its various meanings in different contexts, its .
diverse appearances, its letters, and the gseparate features of these
letters (Mandler, 197§; 1980). An encounter with a word provides an
opportunity for relating some of its elements into a unified memory
trace. In an eancounter with a highly familiar word, new relationships
may be discovered, or‘old ones rediscovered and sttengt?ened {Mandler,

1980). Most importantly, intraword organization involves only the word

by itself, and not its relationship to other words.
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The comprehension view (Bobrow & Bower, 1969) suggests the v

possibility that there is an increase in intraword organization in the

N

Generate as compared to the Read condition. Since comprehension
involves an app;eciation of the meaning of each component word of a
sentence, it will affect intraword organization. The argument that
generating leads to better comprehension than reading_implies more
intraword organization in the Generate than in the Read condition.
Intraword organization is concerned only with organizaéion among the
elements within a word, and thus it does not’depend on whether the words
of a sentence are meaningfully related or randomly put together. R
Consequently, one implication of gpis'organfzational process 1is thaf the
size of the generation effect should not depend on the meaningfulness of
the sentences read and generated. ‘

In summary, this framework based on organizational processes
suggests that generating, as compared to reading, results in increased
interword organization, and that this increase in interword organization
would be larger for meaningful senteénces than for anomalous sentences.
The second process suggests that generating as compared to reading
results in increased intraword organization, whether or not tﬁe study
sentences are meaningful or anomalous. The literature contains tests
that are highly sensitive either to interword organization or to
intréword organization (Mandler, 1979). Based on the propgsed
framework, on tests gensitive to interword organization, the size of the
generaﬁion effect is expected to interact with the meaningfulness of the
\study_éentenqes. On tests thaF aré sensifive to intraword organization,

both the meaningful and the anomalous sentences are expectéﬁ to show
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similar generation effects. These expectations are examined in chapters

a

3 and 4.
2.4 Summary

14

The generation effect is a robust phenomenon obtained with a
variety of paradigms, materials, and test procedures. It has been
extensivgly st;died by psychologists as well as educators. Numerous
theoretical arguments have previously been offered in its
interpretation. However, these arguments concentrate on the effects of
generating as compared to reading on a single locus. This thesis
presents evidence that generating a sentence affects both the
memorability of the words of ;he sentences and the relationships among
these words. Existing interpretive notions cannot readily accommodate
these findings, aﬁd‘consequently, the generation effect remains without
a well-fouﬂded interpretive account, Tﬁe present chapter detailed an

&
interpetive framework that focuses on the effects of generating as
compared to reading both on interwotd organization and on intraword
organizaéion. The implications of this framework for the generation

effect havé'been outlined, Thg experiments included in the next two

chapters will examine these implications.



Chapter 3
GENERAL METHOD AND EMPIRICAL WORK ON INTERWORD ORGANIZATION
The framework proposed in interpretation of the generacion.

effect focuses on .both interword organization and on intraword
organization. This chapter consists of six experiments examining the
effects of generating and reading on interword organization.! The
framework suggests that there is an increase in interword organization
in the Gemerate as compared to the Read condition. Furthermore,
assuming that this increase in interword organizatgzzgis based on a
meaning dimension, it is expected tp be larger when meaningful as
compared to anoéalous sentences are studied. »

*

This general expectatioéﬁ&as examined in the six experiments
described in this chapter. in these experiments subjects read ané self-
generated both meaningful and anomalous sentences before they were
tested. The main purpose of the first three experiments was to ,
establish the generatién effect with these sentences and to test it over
a range of performance levels with cued recall tests based on two types
of cues., The fourth experiment used a cued recall test to examine the
generation effect as a function of study trials. The last two
experiments investigated further implications of interword organization
with different types of tests. Since the general m;thod used in these
exgefiments and in the exﬁeriments described in chapter 4, is identical

it will be detailed once here with only deviations from this general

method provided for each experiment,
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3.1 General method

Materials. The same set of materials, or a subset thereof, was

<
\

used in all experiments. Each experiment consisted.of presenting
meaningful and anomalous six-word sentences on.the Cathode Ray Tube
(CRT) o£ a labo}atory computer. The grammar of these sentences was:
Article (the), Adjective, Noun, Verb (-ed), Article (the), Noun. The
nouns were common concrete words. The verb was always in the past
tense. The basic set of materials waé composed of 60 meaningful and 60
anomaious sentences that were obtained from this grammar. (These
sentences are reproduced in Appendix A.) The anomalous sentences
consisted of a random rearrangement of the content words of the
meaningful sentences, with the constraint that no meaningful
combinations of the words were formed. These two sets of sentences were
used for study in the Read condition. ’

The same 60 meaningful and anomalous sentences wefe also used in
the Generate condition. 1In this condition, the CRT displayed a list of
the content words of one of these sentences. The words were arranged
randomly within each list but the subject—noun of each sentence was
marked by %%ﬁash indicating its role. %n short, there were four sets of
60 sentences: a Meaningful-Read set, a Meaningful-cener;te set, an
Anomalous-Read set, and an Anomalous—Generate set. From each set, ten
sentences were usea for practice and two as fillers. The remaining 48
sentences formed ;he critical set. Table 3.1 lists an example of a Read
and a Generate sentence for both the meaningful and the anomalous

material. All material was displayed in capital letters.
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» TABLE 3.1

An example of the study material for each condition

Study material ) Processing condition

Read

Meaningful THE BLOND GIRL BAKED THE CAKE

Anomalous THE BLOND LEAFLET FILLED THE PILOT

Generate

CAKE
BLOND
BAKED

-GIRL

PILOT
~LEAFLET
FILLED

BLOND
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Some experiments required only a subset of the 48 critical
sentences. To prevent confounding of specific words with the
meaningfulness of the sentences in these experiments, the same words
were used In constructing each subset of 16 meaningful and anomalous

" gentences.

Subjects and Desﬁgg. The subjects were undergraduate volunteers

of bqth sexes who received course credit for participating.
Participation in an experiment depended on a subject's ability to
generdte the sentences according to instrucﬁiqgfz. The failure to
follow instructions would introduce a difference in the materials
studied in the Generate and Read condition. Thus tpe restriction on
participation was necessary to maintain counterbalancing of materials
studied across the two processing conditions. The basic design included
the presentation format or the processing condition (read or generate)
as a within—squects factor and the study material (meaningful or
anomalous) as a between-subjects factor.

' !

Procedure._ e subjects were tested-individually. First, they
were shown tﬁe grammar that was used to generate all sentences (on an
index card). Then, jin éhe'Read coﬁdition, a sentence appeared on the
CRT for eight seconds and the subject was instructed to ésimply £ead the
sentence aloud, loudly and clearly, exactly once without errors”. In
the Generate condition the CRT showed a list of thé content words of a
gentence fpr eight spconds., Subjects were shown how to use the

specified grammar to| generate a sentence with these words, It was
J o .

»
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explained that the marked word was to become the subjgctfngun of the
sentence, and that the a;tiéles had to be THE's. The instructions
stressed that each sentence was to be generated in the head ("Think
before speaking!”) before saying it "out loud, loudly and clearly,
exactly o‘ce without errors.” The importanc; of errorless performance
was emphasized. Subjects were told to expect a memory test for the
'sentences; although ;he exact nature of the test was not specifiéd.

During practice, a subject was shown five read and five generate
sentences, with the material (meaningful or anom&lous) depending on the‘
experimental condition. The presentation format alternated from
sentence to sentence with each format starting the sequence equally
often across subjects. The practice set was repeated until a subject
performgd without errors on all sentences, and untii hekor she felt
comfortable with the task.

To minimize interference frog the practice list on the critical
list, subjects were engaged im an unrelated activity for three minut;s
prior go the learning of the sentences from the critical list. The i

/éritical list was composed of blocks of sentences presented in the Read

format or in the Generate format. FEach block consisted of four -

sentences. The order of presentation of Read and Generate blocks was

- alternated with each format starting the sequence equally often across
subjects. Two filler sentences were appended to the critical list, one
of which was shown in each presentation format. The purpose-of the

fillers was to prevent suﬁjects‘from maintaining and retrieving the last

few study items from short term memory. The study material was
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counterbalanced in such a manner that the identical nominal lexical
items weré shpwn in all conditions of each experiment.

In summary, the general procedure consisted of presenting either
meaningful or anomalous sentences in the ;ead and in the Generate
condition and having the subjécts say them aloud. Requiring suhjects to
say the sentences out loud permitted the experimenter to monitor task
performance. The goal of these experiments was to examine the
expectation, "based on the notion of interword organization that
generating, as compared to reading, results in increased interword
organization. On the additional assumption that this increased -
interword organization is based on a meaning aimension, the magnitude of
the generation effect was expected to be larger with the meaningful
sentences than with the anomalous sentences. Thus, on tests which are

sensitive to interword organization the size of the generation effect

was expected to lnteract with the meaningfulness of the sentences.

.

3.2 Experiment 1

In this experiment a cued-recall test was used to assess
retention of the critical sentences. In this test, the verb from each
sentence was provided as a cue for recalling the rest of the sentence.
The selection of the verb as a retrieval cue was based on the central

role played by the verb in defining the relationship among the other

" words in the sentence (Fillmore, 1968; Raeburmn, 1979). The

effeqtivenes; of a cue for recall has been formally expressed in the
encoding specificity principle (Tulving & Thomson, 1973). According to

that principle, a recall cue can facilitate recall only to the extent
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that it was integrated and stored in memory together with the rest of
the sentence during study. A word that was well integrated, as compared
to one that was poorly integrated, provides an effective cue for
retrieval of the rest of the sentence (Mandler, 1979; Tulving & Thomson,
1973). A verb should be a powerful re;rieval cue for a sentence with
high interword organization. Performance on this cued recall test,
then, was expected to show an interaction of the generation effect with

the meaningfulness of the study sentences due to a larger generation

effect for the meaningful sentences than for the anomalous sentences.

Method. The method was as described above. Twenty—four
subjects participated in this experiment. They were randomly assigned
to the Meaningful and the A4nomalous condition unti} there were exactly
12 in each group. The experiment required only 16 of the 48,critical
sentences, eight of which were showq in each presentation format.

Following study of the senterices, subjects received a six-minute

cued recall test. It consisted of a random listing of the verbs of the

critical sentences. Subjects were instructed to write, next to each

verb, the sentence or any parts thereof that had contained each verb.

Results and Discussion. Throughqut this thesis the following

conventions will be observéd. First, even though subjects were
encouraged to recall complete sentences, the data that are presented are
exclusivel; from the recall of the subject and object nouns of these
sentences, these being scored independently. Fochsing on the recall of

t

the nouns permits a comparison of performance on identical materials
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across a variety of tests of retention. The data were also scored for -
complete gsentence recall and the same pattern of results emerged.
Secondﬁwﬂu:daca are presented as recall percentages to facllitate
comparisons among expériments, although all analyses were conducted on
the number of words‘correctly recallea. Finally, any statistical effecgt
that reached the .05 level was considered significant.

In scoring the recall protocols a noun was congsidered correctly
recalled if it was idenéical to one of the sentence words and if it was
recalled in response to its correct verb—cue. When the protocols were
scored on a more lenient criterion that did not consider where a word
was written on the recall protocol, the pattern of results»remained
unchanged. The data, displayed in Table 3.2, show the expected
generation effect on the meaningful sentences and no effect on the
anomaloﬁs sentences.

‘The data were submitted to a two-factor mixed design analysis of
variagce, treating processing condition (generate and read) as a within-
subjepfs factor and study material (meaningful and anomalous) as a
BeCWeen~subjects factor. The results of the analysis are presented in
Appendix B. The analysis revealed a significant main effect for
material, F(1,22) = 36.18, MSe = 7.22, and for processing condition,
F(1,22) = 4.89, MSe = 3.83, as well as a significant interaction of
these factors, F(1,22) = 12.53, MSe = 3.83. The effect due to material,
which demoﬂstrates that meaningful sentences are easier to learn than
anomalous sentences, is as expected from previous research (e.g., Marks
& Miller, 1964; Miller & Selfridge, 1950). The interaction vas

clarified by Simple Main Effects analyses (Kirk, 1968) that confirmed a
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. TABLE 3.2
.
i
Recall of nouns as a function of processing condition and material
in Experiment 1

(using verbs as recall cues)

!

Study material Processing condition
Generate Read
M(%) SD(%) M(%Z) SD(X)
Meaningful 52.08 14.86 31.77 22.19

Anomalous 10.42 6.19 15.10 10.50
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generation effect for the meaningful sentences, F(1,22) = 16.55, MSe =
1.92, but not for the anomalous sentences, F < 1. ®
Although these findings demonstrate the expected interaction of
the processing condition with the meaningfulness of the study sentences,
they raise two questions. First, is the observed pattern of r?sults
pecuiiar to having provided the verbs of the sentences as cues for
récall? The verb of a sentence i3 acknowledged to serve a central
organizing function in specifying the relationships among its words
(Fillmore, 1968; Raeburn, 1979). This unique property of the verbs may
be.crucial in obtaining the present pattern of results. This
possgﬁility was investig@ted in Experiment 2, where the adjective phrase
(Article, Adjective, Noun) of each sentence was provided as a cue for
recall, Second, is the obtained pattern of results a function of the
different levels of recall obtained with the meaningful and the,
anomalous sentences? The low level of recall on the anomalous sentences
may have prevented the appearance of a geuneration effect in that
condition. This possibility was investigated in Experiment 3 where all
critical sentences were studied three times before the cued recall tes£

was administered.

t

3.3 Experiment 2

Method. Twenty-four subjects participated in this experiment.
They were randomly assigned to the Meaningful and the Anomalous
condition until there were exactly 12 in each'group. Sixteen of the
critical sentences were used, eight’ of which were shown in each

.

presentation format.
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Following study of the critical tences subjects received a
gix-minute cued recall test., 1t consisted of a random listing of the 1
adjective phrases (Article, Adjective, Noun) of the critical sentences.
Subjects were instructed to write, next to each adjective phrase cue,

the sentence or any parts thereof that had contained the cue.

Results and Discussion. The recall protocols were scored as in

Experiment 1. Since the cue provided for recall included the subject
noun of each sentence, the data included in Table 3.3 reflect the recall
of the object nouns. The table shows the expected generation effect on
the meaningful sentences; for the anomalous sentences, recall in the
Read cond{tion is better than recall in the Generate condition. These’
data were submitted to a; analysis of v;riance identical to that

‘employed in Experiment I (see Appendix B).

The analysis again revealed a significant main effect for

mgcérial,vg(l,ZZ) = 37.17, MSe = 1.70, and for processing co
F(1,22) = 7.26; MSe = 1.15, as well as a significan nteraction of
these factors,‘g(l,zz) = 35.03, ﬁgé = 1.,15. The interaction was further
1n§estigated by Simple Main Effects anafyses (Kirk, 1968) that showed a
substantial generation effect'for the meaningful sentences, F(1,22) =

34.04, MSe = 1.15. However, for the Anomalous condition, recall was

better in the Read condition than in the Generate’condition,_5(1,22) = ‘

5.21, MSe = 1.15. , - ‘ } ¢ i

The overall similarity in the results obtained in Experiments »
1

and 2 establishes the éénerality of the observed pattern of results with

e

different recall cues. With both types of cues, there was a generation
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TABLE 3.3

Recall of object nouns as a function of processing condition
and material in Experiment 2

P"Q%fing adjective phrases as recall cues)

Study material Processing condition

Generate . . Read

’ M(%) SD(%) M(Z) SD(%)

Meaningful 68.75  13.59 ’ 35.41  14.91

Anomalous 6.67 14 .44 ) 29.16 17 .14

'Kl
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‘effect when meaningful sentences were studied but there was no

_ generation effect with the anomalous sentences. This pattern of results

'supports’the notion that generating as compared to reading leads to
increased interword organization along a meaning dimension.

The superior recall of the'anomalous sentences in the Read
condition as compared to the Generate condition of Experiment 2 is
surprising., While the present framework anticipaced'the absence of a’
F@neration effect with these materials, it offers no‘tﬁgoretical
larguments from which to expect the observed result. It is possible to
offer a post hoc interpretation.for this finding; attributing it either
to the differential effectiveness of ﬁhe,cues used ;n Experiments 1 and
2, t; the fact that performance levels in these experiments were
noticeabl& different, or to the difference in functional study time in

-the Genefate and Read condition (in the Generate condition some oé the
available time is taken up by ar;aqgiﬁg the displayed words into a
grammaticai frame). These possibilities are not puréuéd here since they
were not central to the topic of tgis.thesis. Moréerr, speculation

" seemed unwarranted since this finding was not replicaged in any of the
other experiments included in this thesis. 0§erall, Expérimedt 2

replicates Experiment 1 and demonstrates that the observed interaction

generalizes over different retrieval cues.

3.4 Experiment 3 , : T
This experiment examined the possibility that the overall
' %
pattern of results obtained in Experiments 1 and 2 was due to the .§

different levels of performance obtained with the meaningful and

o
. -
PN
X
-
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anqﬁalous sentences. In particular, in Experiment 1, the low level of

74¥formance on the anomalous sentences may obscure a large difference in

/recall between the Generate and Read conditions. To explore this

possibility, in this experiment all critical study sentences were shown

'three times Sefore the cued recall test was administered.

Method. Twenty-four subjects participaéed in this experiment.
They were raqdomly assigned to the Meaningful and the Anomalous
condition until there were exactly 12 in each group. \The study set:
consisted of 16 sentences, eiéhc of which were shown in each‘
presentation format. Each subject ;eceived three consecutive exposures
to the critical study set (no pau;e between exposures) before cued

recall was tested, using the verbs as recall cues, as in Experiment 1.

-

Results and Discussion. The recall protocols were scored as in

" Experiment l.' 'The data are summarized in Table 3.4. The table shows

the expected generation effect on the meaningful sentences, and no
différence between the Generdte and Read condition on the anomalous
sentences. These data were submitted to an analysis of variance
identical to that used in Experiment 1 (see Appen&ix B).

The analysis showed a significant main effect of material,
F(1,22) = 33.76,3gp = 9,04, as well as a main effect for processing
condition, F(1,22) = 17.9, MSe = 4.62, and it supported the expected
interaction begwéeﬁ these two factors, F(1,22) = 9.13, MSe = 4.62.

Simple Main Effects analyses (Kirk, 1968) revealed that the difference

between the Generate and Read éodgifion was significant for the
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TABLE 3.4

N

Recall of nouns as a function of processing conditioh\and material

\

in Experiment 3 \\
(using three study trials) \
\

Study material Processing condition "

\
_ N\
Generate ' Read

. \\

M(%) SD(%) . M(%Z)  SD(%)
. Meaningful 81.80  11.75 o 53.60  19.30

Anomalous 38.54. 17 .40 ’ 33.85 15.87

Vi
E
A%
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o
meaningful sentences, F(1,22) = 26.3; MSe = 4.62, but not for the
anom;lous sentences, E_é L. .

This pattern of results replicates and exgends to a multiple
exposure situation the findings of Experiment l. The essggtially
unchanged pattern of results with substantially increased performance
levels attests to the r;Bustness of ‘the generatién effect. A comparison

of these two .sets of data allows an examination of the effects of study<\~\

¢

trials on the recall of the meaningful and anomalous sentences. Since \\\\\N—////

with meaningful sentences, generdfing resulted in better retention
performance than reading after one study trial, addiiional trials might
be expected to increase the size of the géneration effect. A t—test
comparing the difference in recall‘between the Generate and Read
condition of Experimenté 1 (one study trial) and 3 (three study trials)
showed a marginal increase in the size of the effect, t(22) = 1.579 (p <
.07). While this marginal increase suggests that in the Meanimgful
condition generating continues to benefit the learner more than reading
throughout the gxperiment, it does not provide a clearcut answer to what
happens to the size of the effect over study trials. In addition, a
comparison of the pattern of results from the Anomalous condition of
Experiments 1 and 3 indicates that recall performance has benefitted
more from additionél study trials in the Generate than in the Read

condition, suggesting a trend toward a generation effect. In short,

‘neither the data from the meaningful sentence§°nor those from the

—

anomalous sentences show clearly the effects of the processing

\

conditions as a function of study trials. .Experiment 4 was designed to
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explore these effects further. An additional purﬁose of Experiment 4

”~

was to examine the influence of multiple tests on these effé&ii:—

3.5 E#periment 4
Method. Twenty-four subjects participated in this experiment.

They were randémly assigned to the Meaningful and the Anomalous “
,condition until there were exactly 12 in each group. The experiment was
identical to Experiment 1, except that there were three study-test
érials in this experiment as compared to the sing}e’study—test trial in
Experiment 1; it differed from Experiment 3 by having a tesg trial after
each study trial. |

e

Results and Discussion. The recall protocols were scored as in

Experiment 1. The data are presgnted in Figure 3.1.. The figure shows,
(a) better recall in the Meaningful than in the Anomalous condition, (b)
increased recall performance as a fupction of study trials, (c) a
generation effect in the Meaniqgful condition but néﬁe in the Anomalous
condition, and (d) the persistence of the generation effect over study
trials in the Meaningful condition. These data were suSmitted to a
. '
three~-factor mixed design analysis of variance, treating processing
condition (generaﬁg and read) and trials as within-subjects factors and
materials‘(meaningful and anomalous) as a between-subjects factor (see
Appendix B), ' N S o
The analysis fééealed a.signiﬁicant main effect f§r material,
5(1’22); 36.09, MSe = 39.31, and for trials, F{2,44) = 69.55, MSe =

5,34, and interaction effects for material with trials, F(2,44) = 3.51,

A

e At i At
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MSe =-5.34, for material with processing condition, F(1,22) = 11.86, MSe

»

= 9.89, and for trials with processing condition, F(2,44) = 4.21, MSe =

2.41, with no other significant effects.

.The interaction of material with trials was due to the faster

!

'acquisitiqn of meaningful sentences, as compared to anomalous sentences,
. over the three learning trials. The interaction of trials with

processing condition occurred because recall performance, combined over

both material types, showed a greater total increase over trials for the

Read condition than for the Generate condition. This latter finding is

" partially due to the ceiling effect that is evident in the Meaningful-

Generate condition on Trial 3. The interaction of material with
processing condition was clarified by Simple Main Effects analyses
(Kirk, 1968) . These analyses showed a ;ignificant generation effecg
with meaningful materi;l, F(1,22) = 14.32, MSe = 9.89, but no systematic
differences with anomalous material,_§(1;22) = 1.18.' ‘

The results of this experiment agree with those of Eﬁperiments
1, 2, and 3 in all essential respects. The data from the anomalo;s
sentences showed no evidence forla‘generation,effect over a considerable
range of perférma;ce levels. In addifion, the data from the meaningful
sentences showed that the gengf;tion effect persisted at least over the
number of tfgéls used in this experiment, only to diminish when recall
geared ceiling (in the Me;ningful~Generate condition). This persistence
‘'of the generation effect replicates and exééh&s the findings of Slamecia
and Graf (i978) who worked‘with a differept paradigm #ﬁd different
materials. At the same time the present findingsrseém to quué that

I ‘

generating benefits the.learner %nly on the initial stu&y test trial,

e —
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\

‘but not on subsequent trials, since the rate of learning for Generate

and Read sentences appeared to be identical. If generating continued to\

benefit the learner more than reading, even on subsequent trials, one

-

.. would expect a divergernce of the learning curves for the Generate and

‘fng Read condition. The interesting question[is why there is no such
di;érgence in the present‘data particularly since a comparison of the
data Sf Experiments 1 and 3 did show a marginal increase in the
magnitude of the generation effect as a function of study trials. Ome
‘interpretation suggested by these two sets of opposing data is that the
test experience availablg in a multiple study-test trial experiment
allows a_gubject to monitor recall performaﬁce in the Read and 1n the
Generate conditions, This test experience may alert the subject to the
ineffectiveness gf reading as a learning strategy and it may then
motivate him or hég to t;y "harder"” ih the Read condition. This notion
was pursued in an experiment. Since that experiment is not.primarily
éoncerned wlth the role of interword orgspization in the gegeration
effect, it is not included in the body of this thesis, but\In Appendix C
instead. .

The two major findings that have emerged frog these four
experiments are (a) Ehe consistent generation effect in the Meaningful
condition, and (b) the consistent absence of a geperation efféé§ in the
Anomalous cond;tion. This pattern of results demonstrates the expected
interackion of the p£ocessing condition with the meaningfulness of the
study material. These findings may be interpreted as evidence that

o
generating as compared to reading results in an increase in the

-

s e
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interword organization of sentences that are meaningful but not og

. A
sentences that are anomalous. . . W

han

A cued recall test offers one way of gaining access to the
interword orga&ization of memory traces. With a high degree of
interword organization, the w;rds of‘axsentence have become interrelated
or meaningfully bonde& to one another. Thus4 another indicator of
interword organizétion i1s the presence of relational bond3 between the
subject‘énd object nouns of each stgdy sentence. To test for the
existence of such bonds, follbwing the same study procedure as in the
above experiments, subjectsugeceived a list of noun-pairs with
instructions to indicatg which pairs they had seen before. The words
tﬁat appéared in éhese pairs had all been includ;d in the study
sefitences, but for some pairs both words came from the same sentence (an
intact.pair), while for others the words were fro; two different

senténces (a broken pair). It was expected that a squect's ability to
‘rebognize‘an intact pair and to reject a broken pair should depend on
whethef or not the words of the sentences had been well organized d;ring
study. Consequently, for the meaningful material, peéformance was .
expectea to be better in the Generate than in the Read condition. The
words of an anomalous‘sentence are difficult, if not imposéible, to
organize or £nterrelate into a well structured and'SQable memory trace,
in,both‘the Generate and the Read condition: Thus, overall redognition
c : . )

of intact pair was expected to be low with these materials,. In
;ddition, since it is difficult to interrelate the words of.gn anomalous
sentence, the diffgrence‘in Rérformance between the Géﬁérat; and tﬁe

Read condition was expected to be small or totally absent. These
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expectations were tested with a wofd-Pair recognition test in Experiment
5. The experiment.included two groups, with the first receiving one
exposure to the study sentences and the second receiving two exposures.
The inclusion of the second group was motivated by a desire to boost the
lev?l of performance particularly on the anomalous sentences; the two
groups also allowed examination of the effects over a range of

performance levels.

3.6 Experiment 5

Subjects and Design. Forty-eight subjects participated in this

-

experiment. They were randomly assigned to two groups until there were

exactly 24 in each, in such a way that 12 subjects from each group
received meaningful sentences and 12 received anomalous sentences.
Group 1 regeived one exposure ﬁo the study list; Group 2 received two
consecutive expdsures‘to the study list (ﬁo pause between
presentations). Each exposure was as described in the general method
section. -

€
Materials and Procedure. The study list consisted of 32

critical sentences, half of which were shown in each presentation
format.’ The word-pair recognition test included all the nouns of these
sentences, arrééggd into 32 word paifs. Of these 32 pairs, 16 were
intact, in that the words were from the same sentence. E{ght‘SE these
' ingéct pairs came from sentences in. the Genexate.condition, and the

remaining eight came from Read sentences. There were also 16 broken

pairs.’ For eight of these the two words came from two Generate
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sentences. For the other eight broken pairs, the two nouns came from
two Read sentences. 1In total, the word-pair recognition tés% consisted
of a random listing of 32 pairs. There were éight ﬁairs from each of
the following classes: intact Generate, intact Read, broken Generate,
and broken Read. The broken pairs were required to éssess éubjects'
ability to discriminate’between pairs that contained words from the same
sentence and pairs with words from different senfénces. With the aid of
a m;sk that exposed only one pair at a time, subjects proceeded through
the test list inspecting each pair only once and indicating those that
had appeared as pairs (in the same sentence) in the study list. The

test was self-paced.

Results, and Discussion. On this word-pair recognition test

- .

individual subjects could adopt different criteria for discriminating
between intact and broken pairs. To illustrate, one subject may
correctly identify all intact pairs and not falsely‘recognize any br;ken
pairs as intact. Another subject ﬁay also correctly identify all intact
pairs but he or she may falsely recognize eyery broken pair as intact.
If the criterion used by a subject in discriminating bgtween intact ana
broken pairs is ignored, these two subjects will receive the same |
fegognition score. A mofg sensitive medsure of retention would consider

both the subject’s ability to identify correctly any intact pairs as

well as the ability to reject any broken pairs. A measure that 1s

-

commonly used for this puizjie in the literature is signal detection

theory's d' (Green & Swets, 1966).
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‘In cases where the proportion of hits was 1.0 and the proportion of

68

The procedures of signal—detection thebiy were employed in
suimarizing and analyzing the data. First, the number of intact pairs
identified as intact was tallied as hits, and the number of broken pairs
identified as intact was counted as false alarms. Second, the hits and
false alarms obtained for each subject were converted into values of d'.
\
fa;se alarms was 0.0, these values were adjusted to .99 and .0l in order
to obtain d' scorés. The mean number of hits and falée alarms,
expressed in'p entage points, and the mean d' valyes are shown in
Table 3.5. The d' data indicate (a) better performance on meaningful
pairs than on anomalous paifs for both groups, (b) better overall
performance in Group 2 (two study trialé} than in Group 1 (one study
trial), (¢) a generation effect on the meaningful material for both

groups, but no evidence for a generation effect on the anomalous

K‘material. In fact, the Group 2 data from the Anomalous condition show

"substantially better retention of the pairs in the Read than in the

Generate condition, but this different did not achieve significance,

t(l11) = 1.97. The hit and false alarm data show essentially the same

pattern of results. The d' data were submitted to a three-factor mixed
Pt

deéign analysis of variance., This analysis treated proceséing condition
(generate and read) as a within-subjects f;ctor and botlr materials
(me§ningfdl and anomalous) and groups as between—subjects factors (see
Appeqdix B;) | , e

'

The analysis supported- the above observations, revealing a main

 effect for matérial,.g(l,AA) = 72.52, MSe = 1.11, and for group, F(l,44)

= 14,79, MSe = 1.11.' There was also a significant intéraction effect
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TABLE 3.5
Recognition of word pairs as a function of group, processing condition,
and material in Experiment 5

-
(using a word pair recognition test)

S
1 Group Il
'Processing condition

Study material Generate  Read Generate  Read
. ~

. Hits (%) . 66.7 38.5 90.6 69.8

Meaningful FA's (%) 5.2 6.3 0.0 1.0

: d’ , 2.57 1.62 3.85 3.04
Hits (%) 33.3 37.5 51.0 67.7

Anomalous FA's (%) 18.7 16.7 : 33.3 27.1

d' 72 .86 . .65 1.54
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)

for material with processing ponduésgn,.£(1,44) = 14.35, MSe = .81, and
for material with groups, F(1,44) = 5.93, MSe = 1.11.

These~findings support the expectations based on the process of
interword organization. The main effect for material demonstrates the
difficulty'in_groupiﬁg a string of unrelated wo;ds. The group effect
shqys that there was an overall increase in performance when study

(&

consisted of two exposures as compared to only one, but the interaction

/

of material with group implies that this lucrease was greater when the
sentences were meaningful than when they were anomalous. The :
}nteraction of material with processing condition indicates that
genergted sentences are more likely to be integrated Eh;n sentences that
were only read, providéd the study sentences were mganingful. It
appears that when the study material is an;malous (éf low
meaningfulness) the processing conditionsAQO not differentially affect
the likelihood that a sentence will be integrACed.

This fifth experiment provided convergent evidence in suppoft of
the expected interaction'of processing‘éondition with the meaningfulness
of the stydy sentences. The overall pattern of findings from the word-
pair recognition test does not differ from that of the cued recall
tests. Both of these tests are primarily sensitive|to the interword
organization of memory traces, &hat is, to whether Lr not 3 sentence was
well integrated duringkﬁtudy. Thé, consistent fin&ing, in these five
experiments, of a gener;tion effect in the Meaningful condition combined
with its absénce in the Anomalous condifion, providés.evidence for the |

critical nature of meaningfulness in the generation effect with these

tests.

A
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This chapter on the effgcts of generating and reading on
interword organizatiod includes a final experiment examining yet another
impl;cation of this organizational process. Only the meaningful
sentences were used in this experiment where subjects wexe given a free
recall test followed by a cued recall gest. The‘igplication stemming
from interword organization is that cued recall performance shéuld
exceed free recall performance, particularly in the Qenérate coédition
(Begg, 1972). The notioﬁ underlying this fmplication is that recall
cues are necessary for retfieval only for those items which would noﬁ be
recalled without c:es.(Slamecka, 1972; Tuléing &‘Pé;rlstoﬁf, 1966) . The

proposed framework‘argueé that there is an increase in interword

.orgénization in the Generate as compared to the Read condition. On this

argument, the retrieval cues are expected to be more beneficial to
\ <

performance in the Generate than in the Read condition. Therefore,

' retention performance should show an inéeraction‘;eflecting a greater

difference in performance between the cued recall and the free recall

-

‘test in the Generate condition than in the Read condition. This
! .

-

expectation was examined in Experiment 6. C X

. . . (
N ‘ . / T
3.7 Experiment 6 e r

_Subjeéts and Design. Sixteen subjects were used in this

experiment. The design included the processing condition (generate ard

read) and the test type (free recall and gued recall) as within~subjects
, :
factors. |
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Material and Procedure. The study list consisted of 16

1

sentences, eight of‘which wire shown in‘each‘presentation format. Each
lsubject received two consecﬁtive exposures to the critical sentences (no
pause between exposq;es) before being tested for recall. The testing
phése included a free recall test followed after a 2 minute fillgd
interval by a cue& recall test. Six minutes were allowed for each test.
In the free recall test subjects were presented a 1ined sheet of paper
with instructions to recall all the sentencge, or any parts thereof, in
any order. The cued fecqll test was i&entical to that used in
Experiment 1. The puryoée of the filled interval, during which subjects
were engaged in conversatioqj was to prevent direct transfer of
materials from the free recall to the cue& recall test. The experiment

s

followed the general,method'in a;l.other respects.

+

Results and Discussion. 1In scoring the free recall protocols a

noun was consigered correctly recalled if it was identical to one of the
sentence words. The‘wbrdskcould appear anywhere on the recall sheet.
The cued reeall protoéols were\scored as in E#éerimeqt 1. The mean
nunber of nouns recailed on these two tesfs and in the Generate and Read

condition is shown in Figure 3:2,: The figure shows (a) bejten

performance on the cued recall test' than on the free recall test, (b) a

- generatioﬁ effect on both tests, and (c) a greater difference in
performance'betweén the cued recall and the free recall test in the
Genérgte‘than in the Read condition. These data were submitted to a

two—factor repeated measures analysis of variance (see Appendix B). The .

analysis revealed a significant main effect for processing conditions,

k4
\
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F(1,15) = 27.19, MSe = 12.58, for test type, F(1,15) = 62,37, MSe =
2.03, and an interaction effect betwegn these factors, F(1,15) = 6.90, s
MSe. = 4.38. Simple Main Effects analyses (Kirk, 1968) suppo;ted a
generation effect on the free recall tesé, F(1,15) = 9.96, ﬁgg = 8,48,
as. well as on the cued recall test, F(1,15) = 33.95, MSe = 8.48.

These fin@ings support the expectations based on the proqess.of
interword organization. The generation effect observed on the cued
recall test replicates the results from the earlier experiments, while
the generation effect observed on the free recall test extends these
figgingiwgo a different test situation. The process of interword
organization,anticiéated the results on the free recail test. The
essential difference between the free recall and thg cued recall test is
definéd by the explicitness with which the retrieval cues are stated
(Tulving & Watkins, 1973). In the typical cued recall test, these cues
are physically éresented on the test sheet, On the free recall Eest,
the cues are provided by the test context which includes ingtructions to

recall a specific set of materials, the subject's memory for having

-

studied these materials, and perhaps the presence of the same
experimenter in the same physical environment.

The results of the preéen experiment showing generation effects

Vi

on both tests reflect the increas®d organization of the memory traces in
’ N~

the Generate as compared to the Read condition. The higher level of

performance on the cued recall than on the free recall test suggests (”N§\
. , ,

that the specific cues provided on the cued recall test were more

effective for rgtrie#al of tQ? sentences than the general cues available

for the free recall test. The observed interaction, dué to a greater

.

- . -



. are gensitive to interword organization were expected to show a
'obtained over a wide range of performance levels, with differenlt type
.on the meaningful sentences, combined with its absence in

sentences, provides evidence for the critical nature of

. finding argues strongiy that the increased interword organizati

_generation effect. One central component of the framework is the

organization along a meaning dimension. On this argument, tests th

75

difference in performance between the cued recall and the free recall

test in the Generate than in the Read condition, indicates that the, _
specific cues were substantially more effective in the Generate than i§
the Read ~«condition., This interaction‘suggests that generating as f
compared to reading reaults in increaeed intetword organization. This%

interaction also vindicates the focusing on cued recall tests in these

experiments by .revealing it to be highly sensitive to interword

or:ganization.((:&w

3.8 Summary of experiments on interword orgamization

+

Tne six experiments included in thia chapter shared a pattern |pf

results consistent with the interpretive framework proposed for the

~

process of interword organization. According to the framework

generating as compared to reading results in an increase in interwor

5

M

generation effect with meaningful sentences but not with anomalou

sentences. In support of this expectation, this pattern of resylts w

of cues provided for recall over repeated study—test trials, and wit

different types of tests. The consistent finding of a gen

in the generation effect with the tests used in thes¢ experiments/ . This |

is

¢ -
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based on a meaning dimension.| In short, the evidence warrants the

conclusion that generating, as compared to reading, results in increased

- interword organization along a meaning dimension.

i‘\



Chapter 4
+EMPIRICAL WORK ON INTRAWORD ORGANIZATION
This chapter consists of two experiments on the effects of
generating and reading on intraword organization. To repeat intraword

' .

organization refers to the organization among the perceptual and
conceptgal elements within a word kMandler, 1979). This type of
organization is affected by the exposure to a word which provides ;q
opportunity for interrelating its elements into a unified memory trace;
it is inéependent of the relationship among the words-of a sentence.
The framework proposed in interpretation of the generation effect argues
.that there is an increase in intraword organization ip the Qenerate as
compared ;o the Read condition.b o

. There are at least two general reasons for expecting‘#ncréased
intraword oréanizati;;\in tﬁe'Gene;ate as compared to tﬁe Read
condition. First, Bbbfow and Bower (1969) have'éuggested that
c¢omprehension is better for sentences_ that were generatediratheg tﬁan
read. Comprehéﬁding a senterice.involves an appréciation of the meaning
of iés component words (Ausubél, 1963), which provides an oppofgdnity'
for forping a uﬁified memory'tracg for each word. Thu;; better .
'bémpreh;nsion implies increased intraword organization in the Generate
than in the Read condition. |

Second, in the present generation paradigm, 'the requirement to

generate a sentence demands close inspection of the presented words in

order to decide how to combine them into a specified grapmatical framg.,

-
‘D
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Generating a meaningful sentence seems rather effortless since the
semantic constraints among its components almost “make the words fall

into place”. Griffith (1976) attempted to measure the mental effort

\§ <
required for generating and reading meaningful sentences. He had

subjects perform a secondary choice reaction time task while generating
'and reading sentences. Based on slower choice reactions in the Generate
than in the Read condition, Griffith speculated that subjects expend
more processing capacity on‘the generate task than on the rgad task.

The anomalous sentences are not semantically constrgined. Thus, perhaps
generating an anomalous sentence requires even closer insbection of the
‘component words, particularly since the paradigm allows for oniy bne
‘correct outcome. In short, it seems inherent in generating (see

®

‘instructions) that individual words are examined more closely and more

~

often, than in reading. Therefore, generating is expected to result in
more intraword organization than reading, |

Intraword organization is independent of Zhe relationship among'
the words of a senternce (Mandler, 1979, 1580). In the'present )
expe;iments the.identical words were used go @ake up Ehe meaningful gnd
tbé anomalogs sentencéé, alghgugh thef were combined inte the sentences
according to d;ffe;ent criteria. The same gfammat}cal structure ;as
used to ge;érate both types_of semterces, Su;‘the‘words within each
sentence wefé co&catepatedAeither meaningfull; or rgndo#l&\

Consequently, on the assumption that generating results in more

“ i{ntraword organization than does reading, it should have the same.effectl

w

JOn'chh the meaningful and the anomalous sentences- ‘Mandler (1980)

b . . ' .
indicated that intraword organization underlies the experience of word

..
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ﬁamiliarity. Word familiarity'can be measured with a word recognition
test (Mandler, 1979, 1980). In a word recognitiég‘Lest the
relationships among the words in a sentence are Targely irrelevant.
Subjects base recognition decisions‘p}im;rily oh information available
about each.individual word., Therefo;e, on a word recognition test, a

generation effect is expected with both the meanipgful and the anomalous

3

.sentences.

This expectation was teste¢ in two experiments, the first used a
batch recognition test to assess word recognition while the second
employed a Yes-No recognition test, These experiments followed the

general method outlined in chapter 3. . “

—

4.1 Exgerime?t 7.

Method . &hirtx;two subjects participated 13 this experiment..
They were randomly assigned to the Meaningful and the Anomaloush
coghltion untiiﬂthére were exactly 16 in each. fﬁg study list consisted
o£ 32 sentenées, half of which were shown in each presentation format.

Following study of the sentences é batéh recognition test
(Brown, 1976) was given. Fdr this test, 128 concrete nduns (similar éb
those used in thé sentenceé) were selected as distfactdrs. The '
distractors, ané the two nouns from each sentence, were randomly
arragged,on two test sheets with the copstraint that the 32 nouns £rom
the seﬁtences fhat were. generated appeared on oue sheet while the 32

nouns from the sentences that were read appeared on the other. The test

required subjects to circle as OLD (seen in a study sentence) exactly 32 °
» / '

»

.words on each sheet. About 12 minutes were requifed for this test.

’

O s
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Results and Discussion. The number .of mouns correctly

identified as OLD in the various conditions was tallied. The means,
expressed in percentage points, are presenﬁ?d in Table 4.1. The table
shows the expected higher recognition perfé%mance in the Generate than
in the Read condition with both themmeaningful and the anomalous
sentences. These data were submitt%d to a two—-factor mixed design
analysis of variance, treating processing condition (generate and read)
as a within-subjects f5¢tor and material (meaningful and anomalous) as a
between—-subjecs factor (see Appendi# B). The analysis confirmed
expectations, revealing a main effect for processing conditioh,_g(l,BO)
= 25.77, MSe = 9.32, wfth no other effects approaching significance.
| This pattérh of results is as expected fr%m the proposed

framework based on two organizational processes. The superior

recognition of words in the Generate as compared to the Bead conditions
) impiies a greater degree of intrawbré organization. The findings
support the notion thét generating requires more detailed inspection of
individual words than reading. This detaile& inspection of inqividual
words appears to be reqﬁired whether a to-be-generated sentence is

A

meaningful or anomalousﬂ\\As a consequence, there.is an increase in
intraword orgaﬁ;zationtin the Generate as compgred to the Read copdftion
for both the meaningful and the'anbma;ous sentences.

To examine the robustness of tﬁis finding, and to extend it to a
differgnt,word recognitioﬁ test, a second experiment was.conducted..
This exp;riment was identical to Experiment 7, except in that a Yes-No

[

word recognition test was used to assess retention.

\

\
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| TABLE 4.1
|

|

|

|

Recognition of nouns as a function of processing condition and material

R &
. in Experiment 7
(using a batch recognition test) .
/
Study material . Processing condition \
Generate ' Read
M%) sD(%)- Co o M@ sDp()
A
Meaningful 68.75  8.23 . 55.10  12.75
Anomalous ) 64 .45 9.81° --54.10 lé&69

/
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4.2 Experiment 8

’

Method. Thirty-two subjects participated in this experiment.
They were rand;mly assigned to the Meaningful and the Anomalous
condition until there were exactly 16 in each. The study list consisted
of 32 sentences, half of which were shown in each presentation format.

Following study of the sentences, a Yes~No word recognition test
was given. For this test, all the words used on the batch recognition
test of Experiment 7 were randomized and presented on ghe CRT, one at a
time. For each word the subject pressed a key to indicate that he or

she récognized the word as OLD(YES) or NEW(NO). About ten minutes were

required for this self-paced test.

Results and Discussion. Performance on a Yes-No recognition

1test is inflﬁeﬂced by subjects' ability to discriminate between OLD and
" NEW wordst Since individual subjects adopt different discrimination
criteri;, recognition performance should be assessed with a metric that
tékeé thésg criteria into.accouﬁt. Such a metric, which is commonlx
used ih psychology, s offered gy signal detection theory's d' (Green &
Swets, 1966). Thus, t%e method%'of signal detection theory were used in .
the summary and analysis of, the data. These methods wefé not required
for analyzing the data fromitheAbatch recognition test used in
'.Exberimént‘%, since the ba;ch recognition test forces subjgc£s to
idepﬁify'as OLD a fixed number of wo;ds. It is assumed that subjects

initially identify words that they cleérly recognize as OLD, and that

they subsequently gﬁéss in order to identify the required number of
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words. Thus, the criterion adopted by each subject for discriminating
between OLD and NEW words is assumed to be equal and determined by the
test.

In summarizing the data from the Yes~No fecognition test, for
each subject the hits (old nouns correctly identified as old) in the .
Generate and Read condition, and the félsg alarms (distractor words
identified'as old) were tallied. (Since the noqu_fzgg_;he sentences
that were generqted and read were randomly distributed among the test
items, the false alarm rate was the same for the Generate and Read
condition.) The hits and false alarms for each subject were cénverted
into d' values. Table 4.2 shows the mean numbe;”of hits and false
alarms, expressed in percentage points, as well as the mean d' values.
The table reflects the expected generatlon effects with both the,
mganingful and the anomalous sentences on the d' values as well as on
the hits. The d' data were Qubmitted to an analysis of variance -
identical to that used in Eﬁperimenf 7 (see Appendix B). The analysis
revealed a main effect for processing condition, F(1,30) = 18.72, MSe =
W18, with no other-effects approaching significance.

The present finding of a generation effect with both the
meaningful énd the anomalous sentences replicates fhe results of
Experiment 7 and it extends them to a Yes-No recognition test.

|

4.3 . Summary of experiments on intraword ofganization

The two experiments included in this chapter show a pattern of
: .

results that is consistent with the interpretive framework ﬁipposed for




84

~

TABLE 4.2

Recognition of nouns as a function of processing condition and material
in Experiment 8 ) T

(using a Yes-No recognition test)

*+ Study material Processing condition
| Generate ‘ Read
Meaningful FA's (%) 16.60 16460
' il 177 \ 122,
i ‘ : © Hits (%) 70.34 59,80
Anomalous ’ FA's (%)  19.64 ' 19.64
| dr 1.57 1.21
N
4
v :
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the generation effect, One central component of the framework is the
process of intraword organization. According to the framework;

generating as coppared to reading reiylts in an increase’ in int?aword
organization. Intraword organization is assumed to bé independent of
the relationship among the words of a sentence. Therefore, on these
argumgnté, a test that is~sens;§ive to intraword organization was |

expected to reveal a generation effect with both .the meaningful and the

~.

anomalous sentences. The results obtained in the present experiments
support this expectation., Thus, these findings warrant the assertion
that generating'as‘compared to reading results in increased intraword .

organization.

N
~

In conclusion, thé results from the experiments described in
chaﬁter;‘g,and 4 provide evidence in support of the whole interpetive
framework proposed for the generation effect. These experiments show
two distinct patterns of results, Fifst, the experiments on interword
organization consistently showed an interaction of the generation effect
with the meaninéfulness of the study material. Second, the experiments
on intraword organizatiqn consistently showed a generation effect with
both the meaningful and the anom%lous sentences. In combination, this
evidence suggests that generatiﬁg as comparea to reading has two
memorial comnsequences: 1) i;;reased interword organization‘along a
meaning dimension, and 2) increased intraword organization, The next
chapéer 1néludes experiments that attempted to assess the effects of

generéting as compared to reading on both of these organizational

dimensions simultanedusly.

»



\ , . Chapter 5
PREDICTION FROM FRAMEWORK AND ITS EMPIRICAL TEST

The strength of a scientific or theoretical framework resides
partfgily in its ability to make testable predictions. This chapter
consists of three experiments that examined a prediction derived from
the framework proposed in interpretation of the generation effect. The
experiments included in chapters 3 and 4 focused either on an interword
or an intraword orgénization, but they never considered the effects of
generating\and reading on Qoth of these organizational dimensions
simulﬁaneously. The prediction gprived from the framework concernms the
combined effecgs of thé act of generating on interword and intraword
organization. The examination of this prediction'requires a test that
is highly sensitive tp both of these orgaﬁizational dimensions
simultaneously. Such a test w;s inspired by the work of Humphreys
(1976, 1978) ;nd Py gdbinowitz, Mandler, and Barsalou (1977). It will
be referred to as a varied-context word recognition test.
.  The varied-context word recognition test takes advantage of .the
finding that recognition of a word ;n its study context is éubstantzgily
better than recognition ;f a word in a new copfext (e.g., Humphreys,
1978, Light & Carter—Sobgll, 1970; Marcel & Steel, 1973). The authors
‘explainrthét while primarily information about a word must be relied
upon for recognition of the word in a new context’(as in a typic;l word

recognition test), when the study context is reinstated during testing,

both information about the word and about its relationship to other

86 - .
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words are available féf making a recognition decision. More concretely,
imagine studying a number of the sentences such as those used in the
experiments of chapters 3 and 4, and then being given a word recognition
test on the nouns of these seﬁtences. On the test, the nouns are
' presented in pairs for the purpose of manipulating the test context. In
order to reinstate the study conéext during testing, a noun may be
paired with the other noun from the same sentence, constituting an old-
context test pair (intact pair). A Qew-éontexc test environment is
created by pairing two nouns from two different sentences (broken pair),
or by‘pairing a sentence noun ;ith a‘word that was not in a sentence
(old-new pair). The evidence on\Fontext effects in recognition tests
suggests that recognition of a word in an old-context test pair\(intact
pair) should exceed recoénition of the word';n a new~context teg: pair
(broken pair or old-new pair). In all types of.pairs, words may be
directly recognized via info;;ation about specific words, but in the
old-context test pairs a word enjoys a recognition advantage because it
can also be indirectly recognized via the context word. Theref;re, whep

l
information about the relationships among the words is available,

recognition of words tested in old context should exceed recoénition of
words teéted in ne&\sontext. When no such information is available,
recognition performan;e in these two test contexts should be the same,
determined solely by the availability of informat%on about specific.
words.

Humphreys (1976, 1978) has offered the ‘term item or'word .

information to describe the information available about a word. He has

suggested the term relational information to refer to information



available aﬁout\the relationship among words.. Mandler (1980) argued
that the psychological processes that underlie item and relational
information are intraword and interword organization. The framework
proposed for. the generation eff?ct asserts Fhat genérating as compared
to reading has two memorial consequences: 1) increased interwé?d
organization along a meaning Aimension, and 2) increased intrawor?
organization. Translated in terms of the empirical manifestations of
these psychological processes, the framework suggests that generating as
compared to reading has two effects: 1) increasing the availability of
meaniAé based relational information, and 2) increasing the availability
of item information. Therefore the framework allows a séecific
prediction about performance on gﬁe varied-context wor; recogniéion
test. Since the effects of generating on intraword organization is
independent of the meaningfulness of a seﬁtence, the framework predicts
better overall recognition performance in the Generate than in the Read
condition fog both meaningfﬁa and anomalous sentences. This would
reflect an effect due to the availability of item information. The
ovérall effect of generating and reading on %pterword organization
should be evidenced by better recognition performance onpold—context as
compared to new—context tedt items in the Generate cquition. On the
additional argument that this interword organiéation effect is based on
a meaning dimension, the difference in performance between old-context
and new-context test items should appear only with the meaningful but

not with the anomalous sentences (since the words of the anomalous

sentences are not meaningfully relaped nor relatable,)
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This prediction was examined in three experiments. The first
and third experiments involved meaningful sentences, and the second
involved anomalous sentences. -In the first two experiments, the
processing cégdition (generate and read) was varied between subjects,
while it was a within;subjects variable in the third experiment: The
general method éﬁp%oyed in these experiments was identical to that
outlined in chapter 3. However, in these experiments the presentation
of the study sentences was self-paced. The advantage of a self-paced
procedure is that it eliminates the need to reject subjects from the
experiment for making errors during léarning, singe they can take as
much time as required to generate each sentence. ‘The effects of a self-
paced as compared to a paced procedure on the gegeration effect appears

to be minimal, as demonstrated in the experiment presented in Appendix

C.

5.1 Experiment 9

Subjects and Design. Thirty-two subjects participated in this
experiment. The design included the processing condition as a between-
subjects factor, Sixteen subjects were randomly assigned to the Generate

and to the Reéd cbndition.

Material and Procedure. The study list consisted of 32

meaningful sentences all of which were shown either in the Generate

format or in the Read format, depending on the experimental condition.

The practice and the filler sentences were presented in the same format

as the critical sentences. The varied-context word recognition test

+ © \
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included all the nouns from these sentences plus an equal number of
similar new nouns. The 64 new nouns were randomly selected from those
used as distractors in Experiments 7 and 8. All words were grouped into
pairs in order to create diverse test contexts for the words. Twelve
pairs included two nouns that had been in the same sentence, defining an
old-context test pair (intact pair). New-context test pairs were
created in two ways. First, for 12 pairs two nouns from two different
sentences were grouped together (broken pairs). Second, 16 pairs
contained one noun from a sentence plus one new noun (old-new pairs).
These two types of new-context test items provide alternative measures
of recognition performance in new context. On the assumption that
recognition of a word in a new context is independent of relational
information, the same level of performance was expected on the broken
and on the old-new pairs. Finally, the_tast’also inciuded 24 pairs with
two new nouns (new-new pairs). All of these word pairs were randomly
arranged on the test form. Subjects were informed of the composition of
the test. The} were instructed to proceed through the test, word by
word, circling any word that they recognized as OLD and striking out any
that they did not recognize. This procédure insured that each test word

was attended to. The test was self-paced. ’

Results and Discussion. In order to compensate for guessing on

the test, the methods of signal detection theory were éﬁEI;;EB*tn\

J
summarizing the data. First, the number of words correctly identified

as OLD in each type of test pair was tallied, giving the hits for intact

pairs, broken pairs, and old-new pairs. Second, the number of new words



incorrectly recognized as OLD was established, giving the false alarms
for old-new pairs and new—new'pairs. The mean number of hits and false

alarms, expressed iIn percentage points, for the different test pairs and

b
processing’ conditions are shown in Table 5.la. The table. revéals that

for each processing condition, recognition of old words wad similar on
the two new-context test pairs (broken pairs ‘and old-new pairs)) This

suggests that in these pairs recpgnition decisions were not

1

differentially affected by the different test contexts, but that they

were based on item information alone. Thus, the results from the broken

~

* pairs and from the old-new pairs were pombine? to qptéin a single hit

score for words tested in new-context test pairs. Similérly: the old-
new pairs and the new-new pairs provide alternative sources of false
alarms, and they were also combined to yield a single false alarm score
for each processing condition. The combined scores are,presented in

. .

Table 5.1b. The data showr in that table were converted to obtain d'

values for each subject. ?he mean d' values show better overall

, performance in the. Generate than in the Read condition. In addition,

performance on the old-context test items wag higher than, performance on
the new-context test items for the Geneqate condition; in the Read
condition performance was simllar in both test conte;ts.

The d' data were submitted to a two—fa;tor mixed de;ign analysis
,of variance, treating processing condition (generate and readi as a
between-subjects factor and test context (old and new) as a within-
Esubjects factor (see Appendix B). The results from the analysis su;port

the above observations showing'a significant main effect for processing

‘condition, F(1,30) = 18.0, MSe = .56, and for test context, F(1,30) =
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TABLE 5.1
Recognition of nouns as a function of processing condition and test pair

in Experiment 9

A) Test results

Processing condition Test pair
Intact Broken 0ld-New New-New
Hits (%) 80.99 63.80 66.01
Generate
FA's (%) , 10.55 9.11
Hits (%) 60.4 " 58.3 57 .42
Read

FA's (%) 18.36 15.49

b) Combined results

Processing condition Test context
0ld ) New

Hits (%) - 80.99 64 .68 X
Generate FA's (%) 9.75

d’ . 2.39 1.84

Hits (%) 60 .42 57.97
Read FA's (%) 16.19

d' 1.35 1.30
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20.29, MSe = .07, as well as a significant interaction effect of these
two factors, §X1,36) = 14.35, MSe = .07. The interaction effect wgs
clarified by Siﬁple Main Effects analyses that revealed a significant
difference in performance between the old- and new-context test items Ln
the Generate condition, F(1,30) = 34.46, MSe = .07, but not in the Read
condition, F < L

These results are exactly as predicted from the interpretive
framework proposed for the generation effect. The framework predicts
that generating as compared to reading increases both the availability
of meaning based relational information and, the availability of item
information. The observed overall superior performance in the Generate
as compared to the Read condition reflects an increase in the
availability of item information. The superior performance on old-
context as compared to new-context test items in the Generage condition
indicates the greater availability of relational in?%rmation. Whether
or not this increase in relational information is based on a meaning
dimension, as predicted by the framework was examined Experiment 10.
Experiment 10 was identical to Experiment 9, except that the anomalous
sentences were studied. Acco;ding to the framework, the pattern of
resultsyof Experiment 10 gshould be identical to that observed in the
present study, except that the congext within which a word is tested

should not affect performance in either processing condition.

-

5.2 Experiment 10
Method. Thirty-two subjects participated in the experiment.

Sixteen were randomly assigned to the Generate and to the Read
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condition. The study list consisted of 42 anomalous sentences. All
gsentences were presented as in Experiment 9. The method of that
experiment was also followed in constructing and administering the

varied-context word recognition test.

Results ap? Discussion. The recognition protocols were scored
and summarized as in Experiment 9, The mean hits and false alarms for
the different test pairs, expressed in percentage points, are shown in
Table 5.2a, These data were combined as in Experiment 9 in order to
obtain a single hit score for performance on new—context test items as
well as a single false alarm score for each processing condition., The
combined scores are shown'im Table 5.2b. The data presented in that
tabte were converted into values of d'. The d' values show_beCLer
overall performance in the Generate than in the Read condition, but no
difference in performance between old- and new-context test items in
either processing condition.

The d' data were submitted to an analysis of variance identical
to that used in Experiment 9 (see Appendix B). In support of the above
observations, the analysis showed a main effect for processing
condition, F(1,30) = 13.26, MSe = .41, with no other effects approaching
significance.

These results support the prediction that generating as compared
to reading increases the availability of item information as well as the
avallability of meaning based relational information, The higher
perfor&ance in the Generate as compared to the Read condition {is

attributable to an increase in the availability of item information.
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TABLE 5.2
Recognition of nouns as a function of processing condition and test pair

in Experiment 10

?

a) Test results

Processing condition Test pair
Intact Broken = 0ld-New New—Ne w
Hics (%) 48.94 45.38 44,86
Generate
FA's (%) 11.56 9.25
' Hits (%) 50.81 47.69 47.38
Read A
FA's (%) 24,22 25.91

b) Combined results

Processing condition Test context
Old New
Hits (%) Y 48.94 45.10
Generate FA's (%) 11.04
d' 1.37 1.27
Hits (%) 20.81 47 .50
Read FA's (%) 25.49

d' ! R .70
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The finding that recognition performance on words tested in old- and
new—contexi test items was similar with the an?malous sentences reflects
the lack of relational information in both processing conditions. In
Experiment 9, but not in the present experiment, recognition performance
on old-context test items exceeded performance on new—context test items
in the Generate condition. This difference in the pattern of results
must be attributed to the materials studied in these experiments. The
difference in results provides evidence that the relational information
effect observed in the Generate condition of Experiment 9 was based on a
peaning dimension.

In combination, these two experiments support the interpretive
framework proposed for the generation effect. These experiments
examined a prediction derived frop the framework. The prediction was
tested Iin a design that treated processing condition as a between-
subjects factor. In order to replicate the present findings and to
extend them to a within-subjects manipulation, an additional experiment
was carried out, using the meaningful sentences only. In additiom, the
present results came from experiments where a self-paced study procedure
wvas used. By using a paced study pgocedure, Experiment 11 further
extends the present results. A secondary question addressed by this
experiment was whether word recognition in new-context test pairs
(broken and old‘new) was lndependent of relational jinformation and based
exclusively on item information., It 1is possible that a context word
directs a subject to search memory for inappropriate information. Such
an inappropriéte search would not be encouraged if a word wére presented

alone on the test, yet the single word would also preseat a new-context

&



+

test item. Therefore, the varied-context word recognition test used in
Experiment 11 included some single old words as well as some single new
words. The%e words add an additional source of recognition in new

context, as well as an additional source of false alarms.

5.3 Experiment 11

Subjects and Design. Twenty-four subjects were used. The

design included theé processing condition (generate and read) as a

"

within-subjects factor and the order of testing items that were

generated and read as a between-subjects factor. Twelve subjects were

H

randomiy selected for each test order group.

-

®
' Material and Procedure. The experiment followed the general

procedure outlined in chapter 3. The study list consisted of all 48
meaningful sentences. Of these sentences, 24 were presented in each
processing condition. Study of the sentences was paced at eight seconds
per sentence as described in the general method.

The varied-context word recognition test consisted of two pages,
one for testing generated sentences and the other for testing the
sentences that were read. The test included all the nouns from the 48
study sentences, plus 96 new ones,.randomly selected from those words
used as distractors in Experiments 7 and 8. Each test page {included
eight intact pairs‘(old-contexc items). eight broken pairs, eight old~
new pairs, 16 new—new palrs, eight single old words, and eight,singlé
new words. Subjects were informed of the exact composition of the test.

Half the subjects were first tested on the generated sentences and then
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on the read sentences; the others were tested in the reverse order.
They were instructed to circle words that they recognized as OLD ang.to

strike out the new ones. The test was self-paced.

Results and Discussion. ‘The recognition protocols were scored
O 6‘ -

and summarized as in Experiments 9 and 10, except that the single:yords
on the'test provided'hn additional source of hits and of’falée alarms.,

The mean hits and false alarms, expressed in percentage points, for the

REEN -~

different te§t‘items are shown in Table S.3a‘ The table shows thag for‘

the new-con;ext test items (broken, old—new and alone) correct

& Y

recognition is similar on the different test items in both processing

AJL

conditions. Thus,, ft appears that an new-context test items,

recognition is independent .of relationdl information and based

"exclusively an item information. The results from these items Were

\

-y

{combined to obtain a single hit score for new~context test items, for

each processing condition. The test provided for three sources of false

alarms (old-nEQi new-new, and alone items). These data were combined to
obtain a single false alarm score for each subject in each proceéSing

condition. -The combinen\ah{a, shown in Table 5.3b, were converted into

. b
‘values of d'. The d' value{ show better overall performance in the

Generate than in the Read condition. In addition,iperformance\on olg;
v S A "
context test items is substantially better than performance on new—

_context test items, particularly in the Generate condition.

The d' data were"submittéd to an analysis of variance. The

analysis treated test. order as a between-subjects factor and both

processing condition and test context (old-context and new—context) as

- L3 ¢
[

.
(3

LEN
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TABLE 5.3

_ Recognition of nouns as a function of processing condition and, test pair

v~

in Experiment 11

e
-
/" s

a) Test- results 7
-':\\ -

Processing condition Test pair

Intact Broken 0ld-New

“,\ K ) ‘v‘.“ R .
Hits (%) 94.66  79.08 . 73.33 -
Generate _ N R
: FA's (%) 16.96

Hits (2) 72.71 65 .17 64.83
Read °. oo
FA's (%) | 16.88

b) Combined results o

s

Vgt T,

Processing condition Test context

P

Alone

81.38

20.00

65.33

26,75+ 23,67

0ld New

) - Mits (%) -94.66 78.13
Generate ° FA's (%) . 17,420

- _g_' - ‘209~5‘ 4 1097

- . Hes (X 72.71 65.08

_Read FA's (%) 22.96 o

d' ’ 1.56 1.26

New-New i
17.00 .
N
AN
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within—subjects factors (see Appendix B). The analysis revealed a
significént main effect for processing conditipn, F(1,22) = 59.67, MSe =
.44, and for test context, F(1,22) = 60.58, MSe = .16, as well as a
significant interaction efffect,of these two factors, Eﬂl,ZZ) = 7.74,
MSe = .35. The interaction effect was subjected to Simple Main Effects
analyses that revealed a significant difference between old- and new-
context test items for the Gener;te condition, F(1,22) = 44,71, MSe =
.26, as well as for the Read condition, £ﬂ1,22) = 4.38, MSe = .26.

These results replicate those of Experiment 9 in all essential
respects. The main effect for processing condition reflects the greater
availability of item information in the Generate than in the Read
condition. The main.effect of test context stems from the superior
performance on old-context test items as compared to new—context test
items. This superiority is attributable to the usefulness of relational
information in recognizing words in old context. The interaction, which
is due to a greater difference between old-context and new—context test
items in the Generate as compared to the Read condition reflects the
greater availability of relational information in the Generate
condition., The finding of a significant difference between the old-
and new-context test items in the Read condition is hardly surprising,
since syccessful reading is an activity that demands an appreciation of
the relationships among the words that are read. It is surprising that
a similar effect was not also observgd in Experiment 9., In summary, the
present results replicate those of Experiment 9, and they extend them to

" a within-subject design and to a paced study procedure,



L

101

5.4 Summary of experiments

The three experiments included in this chapter examined a
prediction derived from the interpretive framework proposed for the
generation effect. The experiments employed the varied-context word
recognition test. This test is highly ;ensitive to both item,and
relational information. The results from this test showéa a higher
level of performance in the Generate condition than in the Read
condition with both meaningful and anomalous sentences. This overall
difference in performance reflects the greater avaibeility of item
information in the Generate than in the Read condition. The test also
revealed that in the Generate condition words were better recognized
when tested in old- as coﬁpared to new—context test items. This
difference reflects the greater availability of relational information
in the Generate condition. Since this difference between old- and new-
context test items was only observed with the meaningful. sentences, it
appears that the increase in relational information is‘based on a
meaning dimension. In summary, these test results demonstrate that
generating as compared to reading has two effects: 1) increasing the
availability of item information and é) increasing the availability of
meaning based relational information. These effects were predicted by -
the framework which asserts that generating as compared to reading has
two memorial consequences: 1) increased intraword organization and
2) increased interword organization along a meaning dimension. Thus,

the results offer strong support for the framework.
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Chapter 6 .

Y

EXTENSION OF FRAMEWORK TQO GENERATION EFFECTS OBTALNED WITH WORD PAIRS ’
This chapter examines whether the interbretive framework

proposed for the generation effect obtaiped with sentences provides a

useful investigative tool that can be extended to generatiogigffects

observed with word pairs. To recapitulate, the framework asserts that

generating as compared to reading has two mebbrial consequences: 1)

increased interword organization along a meaning dimension and,2$

increasdd intraword organization. The empirical manifestation of those
organizatfonal processes are: 1) increased availability of meaning

based relatdonal information ard 2) increased availability of item

$os .
information. \This section includes an experiment examining whether the

generation effeckt observed with rhyme.pairs can also be accounted for in

-

terms of item and Yelational information.

At least two reasons motivated the extension of the framework to

generation effects observed with word pairs. First, considerable recent
4

reseafch on the generation effect has focused on words and on word
pairs. An attempt to formulate a comprehensive account of the
generation effect necessitates generalizability to t?ig research.
Second, numerous authors have considered variants of the notion of
increased 1teﬁ and rélational information in interpretation of the

generation effect. The available data remain ambiguous with respect to

these informational sources. The present framework may advance our

102
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understanding of the role of these informational sources in the
T,

generation effect with word pairs.
The importance of relational information in the generation

effect with word pairs has been }%§§ested by several authors (e.g.,

Donaldsonsd Bass, 1980; Jacoby¥'§978; Slamecka@& Graf, 1978). Donaldson

»

7

and Bass offered the most intensive investigation of the role of this
infoiﬁational source in the generation effect. 1In a series of A }
experiments, they'hé&\subjeéts studybpairs of related words (e.g., W Rﬁ- ~
SUMMER; TIGER-STRIPES). In the Read condition subjects simply read

these yord'pairs. In the Generate condition, each pair was\presented

with én incomplete right-hand member (e.g., WARM-S  MER; TIGER-

STRI _S). Subjects had to generate the incomplete word. The

f N

critical fin&ings stem from chree\groups of subjects. The first group

was instructed to generate the incomplete woLds. The second group

simply read the word pairs. The third group read the word pairs first,

and then evaluated on a three-point scale, how closely the words of each
pair were related to one another. This Read~and-evaluate group was
explicitly directed to attend to relational information. The results k//
showed that the Generate group remembered significaqtly more than the <=
Read group. However, the Read-and-evaluate group performed as well as

the Generate‘group. The requirement to evaluate the relationship

between the words of a palr had boosted the recallability of these words

to the same level as in the Generate condition. Based on this

similarity in results, Donaldson and Bass concluded Fhat the generation

effect seems to stem from the increased availability of relational

information.
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Mcﬁgélangvet al. (1980) argued that relational information
cannot account for the generation effect. The;-fnstructed subjects to
complete sentences with words. Some subjects were asked to generate

7

4cqmpletion words that followed from the rest of the sentence; ather
(subjects were instructed to produce woéds that were clearlx
inappropriate completion words. Compared to a condition wh;re the

) .
completion words were experimenter supplied, both the appropriate and

A}

the inappropuigg; completioﬂ'words/uere substantially better recalled.
Since subjects were unlikely'to relate }hese inapprop}iate completion
words to the sentences, relational information was ruled out as an
explanation for the observed superior retention Qiﬁéll generated words.
However, the procedure used by McFarland et al. (1980) to obtain .
inappropriate completion words allowed subjects to generate

- idiosyncratically memorable words, mgking interpretation of the results
impossible.

Slamecka and Graf (1978) offer data which appear more compatible
with an interpretation based on ictem information. These data come from
experiments on rhyming word pairs. In thesg experiments subjects were
provided with pairs of rhyming words (e.g., HALL-BALL; SILK-MILK), and
they were told of the rule (rhyme) that related the two words of each
pair. In the Read coﬁdition, subjects simply read these pairs aloud.

In the Generate cond%ti&n, the right-hand member of each pair was left

-~

incomplete (e.g., HALL-B - _5 SILK-M ), and subjects had to

\

generate a rhyming word starting with the initial letter given for the
right~hand word. Slamecka and Graf (1978) suggested that in order to

generate the right-hand word of a pair, subj€¢ks had to examine the

L
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left-hand word and then generate a word related to it via the rhyme
ruleé? On this suggestion, the authors expected better retention of both
members of each pair on a later test of memory. However, the results
from a recognition test (Experiment 3) revegled a generation effect only
on‘the right-hand member of the pairs and not on the left-hand members.
Since only the wordélactualiy generated benefitted on the later
retention test, it might be argued that with such word pairs relational
information contributes lLittle to the generation effect, Slamecka and

#
Graf (1978) abstained from attributing the generation effect to item

)

information, in part, because the results from a later experiment
(Experiment 5) were inconsistent with those of Experiment 3. Instead,
these authors concluded that the generaEion effect with word pairs

7

remains without a well-founded interpretation.

The framework proposed for the generation effect with sentences

includes both sources of information which have been considered in
¥

explanation of the generation effect observed with word pairs. Thus,
the present framework wéﬂfused to 1lluminate the relative contribution

of item and relational information fn the generation effect with word
v

pairs. One experiment was carried out. This experiment required

subjects to generate and to read rhyming word pairs. The varied-context

d

.word recognition test was adapted for tegting recognition of these

* Vi
materials. Based on the evidence ayd; {aple on the generation effect
obtained with word pairs, an incr sd 1n the availability of item

information was expected in the Genefate as compareﬂ\to the Read

~N
conditions, No specific prediction’'was made about the availability of

¢

relatfonal fnformation.
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6.1 Experiment 12 .

Subjects and Design. Twenty-four subjects participated in this

experiment. The design i{mtluded the processing condition (generate and
read) as a within-subjects factor and the order of testing generate and
read items as a between-subjects factor. Twelve subjects were randomly

assigned to each test order group.

Materials. Forty quadrup}es of rhyming words were required for

this experiment (e.g., CAGE~-RAGE-PAGE-WAGE). (These are presented in

’
N

Appendix A.) Twenty-four quadruples werelrandomly selected as the study

items; the remaining 16 served as distractors in the varied—con;ext word
recognition test. The 24 critical quadruples were randomly divided and

12 were assigned to each processing condig}on. These iFemS were
counterbalanced across subjects in such a manner that egih quadruple was
studied in each processing condition equally often. The 12 quadruples \
from ghe Generate and the Read condition were arranged into 24 pairs of \>
words. Each pair was typed on an index card in capital letters. For

tge Read condition, each pair was typed in its complete form (e.g., ' (
CAGE-RAGE). For the Generate condition, the right-hand word of each
pair was left incomplete (e.g., CAGE-R _____). An additional 10 rhyming

pairs were selected for presentation in the genera%e format during

practice.

Varied-context word recognition test. The test consisted of two

pages, including a total of 80 rhyming word pairs. Sixteen of these

palrs were old-context test items; they contained two words that had

¢
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also appeared together during study lintact pair). Of the intact pairs,
elght came from egch processing condition. The test fncluded two types
of new-context test items (broken and old-mew). Sixteen of these items
were broken pairs, with eight coming from each processing condition. A
broken test item was obtained by re—pairing the two pairs forming a
quadruple., Thus, if the two pairs SCORE-CORE and BORE-MORE had appeared
in the study list, the broken pairs were SCORE-MORE and BOR@—CORE. The
remaining 16 new-context test items were old-new pairs. These pairs
contained one word from a study pair and one rhyming new word. Of these
16 old-new pairs, eight were contributed by each processing condition.
The remaining 32 pairs were obtained by pai;Lng the 16 quadruples set
aside ﬁ? distractors. These 32 pairs, as well as the old-new pairs,
served gas alsernative sources of false alarms. In summary, the test
contairfed the following ftems: 16 old-context test pairs (incact
pairs), 32 new-context test pairs (16 broken pairs and 16 old—mew
pairs), and 32 new-new pairs. These 80 rhyming pdirs were randomly
arranged on two test pages. One page contalned all the words studled Ln
the Cenerate condition, plus l6 new-new pairs, while the other page
contained all the pairs with words from the Read condition as well as

the remaining 16 new-new pairs.

Procedure. Subjects were tested individually. They were
instructed to read out loud the two rhymiﬁg-words appearing on each
card, or to geunerate the incomplete rhyming word and say the pair out
loud. The pairs were read in step with a timer wgich presented a click

every four seconds. Subjects were asked to say the words of each pair

~4
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aloud during the four seconds and to turn to the next card when they
heard the click. Four seconds provided ample time for studying each
pair of words. However, when a subject was unable to generate a word in
the alloted time, he or she was allowed the next four seconds before
continuing on. On average, only 1% of the pairs given in the Generate
condition could not be completed in the initial four seconds.

‘ The procedure included a practice phase, a study phase, and
after a 2 minute filled interval the test phase. During practice,
subjects generated 10 pairs of words. They were then instructed to
gtudy the critical pairs for a later test ot memory. The exact nature
of the test was not specified. The two sets ot 24 pairs used in each
processing condition were shuffled and the cards containing them
p;g?ented to the subjects, who proceeded through them twice, turnfﬁg’bne
—
caré\gjgingery four seconds. Following study of the sentences,
subjects were engaged in conversation for two minutes to prevent
malntenance of the last few i{tems in short term memory. Finally,
subjects were given the recognition test with instructions tp proceed
through it, word by word, circling those words that thd&V;;;ognized as

OLD and striking out the new words. About 10 minutes were required for

this test.

-~

+ \\

Results. The methuds of signal detection theory were eumployed
in summarizing the data. First, the number of words correctly
. \
identified as OLD in each typa of test pair was tallied, giving the hits
tor intact pairs, broken pairs, and old-new pairs. Second, the number

of new words incorrectly recognized as OLD was counted, giving the false
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alarms for old-new pairs and new-new pairs. The mean number of hits and
false alarms, expregsed in perceantage points, for the difterent test ;
pairs and processing conditions are shown in Table 6.la. The table
shows that in both processing counditions recognition was similar on the
new-context test items (broken pairs and old-new pairs). The results
from broken pairs and old-new pairs were combined to yield a single hit
score for words tested In new context. Similarly, the old-new palrs and
the new-new pairs provided alternative sources of false alarms, and they
were also combined to obtain a single false alarm score for each
processing condition., The combinéd data are presented in Table 6.1b.
Those data were converted G?;obtain d' values for each subject. The
mean d' values show better overall performance {n the Generate than in
the Read condition. In addition, in both processing conditions, words
were better recognlized in old—cogtexc test items than {n new-context
test {tems.

The d' dat; were submitted to a three~factor mixed design
analysis of varlance, treating test order (generate tested first or read
tested first) as a between-subjects factor, and processinyg condition and
test context (old and new) as within-subjects factors (see Appendix B).
The analysis revealed a significant main eftect for processing

condition, F(1,22) = 5.49, MSe = .80, and for test context, F(1,22) =

53.86, MSe = .21, with no other effects approaching significance.

Discussion. These findings can be discussed In terms of the
framework proposed in interpretation of the generation effect obtained

with sentences. The overall better performance in the Cenerate than in

S
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TABLE 6.1

Recognitlon of nouns as a function of processing condition and test pair

in Experiment 12

a) Test results

Processing condition Test pair
Ingact Broken 0ld-New New~-Ne w
Hits (%) 85.37 70.42  65.38
Generate
FA's (%) 11,15 13.83
Hits (%) 73.38 59.40 59.04
Read
FA's (%) 16.96 15.54

b) Combined results

-

Processing condition Test context
0ld New
Hits (%) 85.137 68.79
Generate FA's (%) 13.63
d’ : 2.56 1.79
Hits (X) 73.78 59.25
Read Fa's (%) ' lo.17
d! 2.05 1.4



the Read condition indicates the greater availability of i{tem
information in the Generate condition. The higher level of performance
observed on words tested in old-context items as compared to new-context
items demonstrates that subject rely on relational information in
recognizing individual words. The lack of an Interaction between test
context and processing condition rgveals that similar amounts of
relational information were available in both processing conditions. In
comb&pation, the present findings suggest that generating as compared to
reading a rhyming word pair increases the availability of item
information but not the availability of relational information.

The absence of a dirferential effect of generating and reading
on the availability of relational information permits at least two
Interpretations. First, generating as compared to reading a rhyming
pair may not require wore careful ingbection of the relationship between
the words of the pair. As a consequence it may not differentially
increase the availability of relational information. Second, generating
as compared to reading may differentially increase the availability of
relational information, but the varied-context word recognition test did
not measure 1it. The recognition test used in this experiment included
new-context test items (broken and old-new pairs) which preserved the
rhyming relationship between the words of each pair. The difference
between the old-context test items and the new—~context test items was
that the former items preserved the original pairing of the\bords. The
results show that the observed benefits due to this specific pairing of

words was not diffé‘encially affected by generating and reading. These
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results do not eliq}nat? the possibility that some other type of
relational information was more available in the Generate than in the
(Read condition. Inwvgrtic;lar, generating rhyming pairs may focus
’attention on a phéﬁegic dimensioa. Since the new-context test items
used in the present experiment preserved this dimenéion intact, the test
was 1néensitive to differéntial amounts of rhyme based relational

information in the two processing conditions. Thus the available

results remain inconclusive.

6.2 Implicationstof the framework for generation effects with word
pairs |
The attempt to use the framework proposed‘in interpretation of
the generation effect obtainéd with sentences as an in§éstigative tool
for examining gené:&tion effects obseryeé with word pairs was successful
in suggesting direcgions for future research. The framework postulates
'an incréase in the availability of meaning based relétional information

in the Generate condition. Perhaps'most important, the lack of a

differential effect of generating and feading on relational information

in Experiment 12 raises questions about other types Af relational
information. ~The framework attributes the increase in relational
information to an increase in the underlying inte;word organization of
memory units. It is possible that any organizational dimension (rhyme,
alphabetical, etc.) may prbvide a basis for increasing the évailability
of relational information. Meawing is a very powerful organiz;tional
dimension (g.é., Bower, 1972; Postmaﬁ, 1972) and it is’proﬁably the

preferred dimension for interrelating the words of a sentence. Yet

(3
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othe@ organizational dimensions may prove equally effective with
different materials. The varied-context word recognition test can be
redesigned to make it sensitive to any of these dimensions. The test
‘results may then show differential effects on relational information in

the Read and Generate condition.
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Chapter 7

EXTENSION OF THE FRAMEWORK TO THE TRANSFORMATION EFFECT

The transformation effect refers to the superior retention of
sentences read in geometrically transformed as compared to normal
typography. The framework proposed in interpretation of the generation
effect postulates two consequences of generating: 1) increased
availability of meaning based relational information and 2) increased
availability of item information. The two experiments included in this
chapter examined whether the transformation effect can be accounted for
in terms of item and meaning based relational information. Thus, this

chapter offers an attempt to extend the framework proposed for the

[P SOTRSROSFYIN

generation effect to the transformation effect.

The attempt to extend the framework to the transformation effect
was inspired by the similarity in the cognitive activities that are
assumed to be involved in generating a sentence and in reading one in a
geometrically transformed typography. A sentence displayed in a

transformed typography presents a novel and unfamiliar stimulus that is

difficult to read. The reader may be forced to analyze such a sentence

letter by letter and laboriously attempt to arrange those letters into

words. Alternatively, he or she may read only some of its letters and

words and attempt to generate the rest of the sentence with the help of

.

these words and with the help of knowledge of the language accumulated

in previous encounters with text (Kolers, 1975). The reader may

generate hypotheses about the words to follow in a line of text, and
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rely on the text only in order to confirm or reject these hypotheses
(e.g., Rumelhart, 1977; Smith, 1973). In short, reading a sentence in
transformed typography may depend on counsiderable generative activity.
Thus the cognitive activites involved in reading a transformed sentence
would bear a close resembiance to the activites involved in generating a
sentence. This similarity in the underlying cognitive activities
suggesﬁs that the transformation effect, like the generation effect, may
be decqmposable into an item and a relational information component.

The two experiments included in this chapter examined this
possibility. One experiment involved meaningful sentences and the other
anomalous sentences. The sentences used in these experiments were those
from the experiments on the generation effect. These sentences were
presented to subjects on index cards, either in normal typography or
rotated 18(W along the plane of the page. The varied-context word'
recognition test was used to measure retention of the nouns of these
sentences. Based on the si@ilarity in the cognitive activities ghat are
assumed to be involved in reading a sentence in a transformed typography
and in generating one, the pattern of results was expected to be similar

to that observed in the generation effect with sentences.

7.1 Experiment 13

Subjects and Design. Sixteen subjects were used in this

experiment. The design included the typography of the study sentences
(normal and rotated) as a within-subjects factor and the order of
testing the normal and the rotated sentences as a between-subjects

factor, Eight subjects were randomly assigned to each test order group.
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Material. All 60 meaningful sentences prepared for the
generation expeﬁiments were used. Each gentence was typed in capital
letters on a white index card. The beginning of each sentence was
marked with a star; it was provided to aid subjects in locating the
beginning of the sentences presented in rqtated typography. Table 7.1
displays a sentence in normal and in rotated typography. The varied-
context wérd‘recognition test was exactly as described in Experiment 11.
The test consisted of two pages, one for testing sentences read in
normal typography and the other for testing sentences read in rotated
typography. E;ch test page included eight olé—context test items
(intact pairs), 24 new-context test items (eight broken pairs, eight

old-new pairs, and eight single old words), as wg&l as 16 new-new pairs

and eight single new words.

Procedure. The procedure was exactly as described in the
general method section except that instead of generating sentences
subjécts were required to read them in transformed typography in the
present experiment. They were first given a deck containing the 10
practice éentences, with five in each typography. The seuntences were
.arranged in the deck in such a manner that the typographies alternated.
Of the 48 critical sentences, 24 were presented in each typography.
They were grouped into blocks of four, and these blocks were presented
as described in the general method section. Subjec;s read each sentence
out loud, loudly and clearly, once without errors. They were informed
of the subsequent test of retention, although the exact nature of that

’
test was not revealed. The last two sentences of the study deck served
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TABLE 7.1

An example of the study material in each typography condition

Sentence typography

Normal *THE BLOND GIRL BAKED THE CAKE

Rotated dAVD FHL aadvd TIID ANOTd JHILx
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as fillers. Following study of the sentences the varied-context word

recognition test was administered as in Experiment 11.

"Results and Discussion. The recognition test forms were scored

and sunmarized as in Experiment ll. The mean number of hits and false
alarms for the different test items, expressed in percentage points, are
presented in Table 7.2a. The table shows that for the new-context test
items (broken, old-new, and old alone) correct recgonition is similar on
the different test items for both sentence typographies. The results
from these items were combined to obtain a single hit score for new-
context test items for each typography condition. The test provided for
three sources of false alarms (old-new, new-new, gnd new alone). These
sources were combined to obtain a single false alarm score for each
typography condition. The combined data were converted into values of
d'. TabIE 7.2b shows the combined hits, false alarms and d' scores for
the two sentence typographies. The d' values show better overall
performance on the rotated sentences than of the sentences that were
reaq in normal typography. 1In addition, performance on words tested in
old-context as compared to new-context test items was substantially
better, particularly for sentences read in ‘transformed typography.

The d' data were submitted to an anAlysis of variance. The
analysis treated test order as a between—subjects factor and both
sentence typography (normal and rotated) and test context (old and new)
as within-subjects factors (see Appeﬁdix B). The analysis revealed a
significant main effect for typography, F(l,14) = 31.45, MSe = .32, and

for test context, F(1,14) = 36.54, MSe = .13, as well as a significant
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; TABLE 7.2
Recognition of nouns as a function of typography and test pair
.. in Experiment 13

a) Test results

Typography ) Test palr .
3 Intact Broken 01ld-New Alone New~New
A
; ‘  Hits (%) 86.63 70.44 67.50  65.13
Rotated ,
FA's (%) 14.44 22.88 23.44
Hits (%) 60.63 55.19 47 .13 48.81
Normal
FA's (%) 18.19 24,50 21.44
: b) Combined results ’
Typography Test context
0ld New
Hits (%) Y 86.63 68.38
Rotated FA's (%) 20.25
4 2.17 1.35
Hits (%) 60.63 51.44
Nomal FA's (%) 21.38
d’ 1.09 .83
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interaction effect of these two factors, F(1,14) = 6.54, MSe = .20. Mo
other effects approached significance. The interaction effect was
clarified by Simple Main Effects analyses that revealed a significant
difference between old- and new-context test items for the sentences
read in rotated typography, F(1,14) = 33.61, MSe = .16, but not for the
sentences read in normal typography, F = 3.34.

This pattern of results is identical to that observed in
Experiment 1l where the same sentences were read and generated. The
better overall performance on the sentences that were read in rotated as
compared to normal typography indicates an increase in the availability
of item information in that condition. The sup;rior performance on
words tested in old as compared to new context, for the sentences
presented in rotated typography, reflects an increase in relational

information for these sentences. The lack of a similar difference in

performance between old~ and new-context test items for the normal *

PR N SRR I UU Y P NPT S P ST

sentences reveals that such sentences can be read without carefully

.5,

inspecting the relationships among the words of each sentence (Anderson,

Lo a don b we s

1970). Whether or not the relational information effect observed on the

.

rotated sentences 1s based on a meaning dimension was.examined in

Mgy

Experiment l4. 1In that experiment the anomalous sentences were studied.

The overall pattern of results obtained with the anomalous sentences was
expected to be the same as that observed with the meaningful sentences,

except that neither the rotated nor the normal sentences were expected

to benefit from the old-context test items. This last expectation was
based on the notion that the relational information effect observed in

Experiment 13 was based on a meaning dimension.
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7.2 Experiment l4

Method. This experiment was identical to Experiment 13 except
that the anomalous sentences were studied. These sentences were typed
on index cards and presented as Ln Experiment 13. The procedure of that
experiment ;as also followed in constructing and administering the
varied-context word rgbogniton test. Sixteen subjects were required for

this experiment, with eight randomly assigned to each test order group.

Results and Discussion. The recognition test protocols were

scored and summarized as in Experiment 13. The mean number of hits and
false alarms, expressed in percentage points, for the different test
items are shown in Table 7.3a. The table shows comparable performance
levels on the new-context test items (broken, old-new, and old alone)
for each typography condition., These data were combined to obtain a
single hit score for new-context test items. There were three sources
of false alarms for each sentence typography (old-new, new-new, and new
alone). These sources were combined to obtain a single false alarm
score for each typography condition. The combined data were converted
into values of d'. Table 7.3b displays the combined hits, false alarms,
and d' scores for each sentence typography. The d' data show better
overall performéﬂgg_oﬁ the nouns from sentences read in rotated as
compared to normal typography, with similar levels of performance on
words tested in old- and new-context test items.

The d' data were submitted to an analysis of variance identical
to that used in Experiment 13 (see Appendix B). The analysls supported

the above observations, confirming a main effect for typography, F(1,14)
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TABLE 7.3
Recognition of nouns as a function of typography and test pair

in Experiment 14

a) Test results

Typography Test pair
Intact Broken 0ld-New Alone New-New
§
Hits (%) 63.88 61.81 62.75 70.44
Rotated
FA's &%) 23.00 29.94 17.88
Hits (%) 41.13 37 .69 35.38 33.81
Normal
{ FA's (%) 20.56 15.81 l16.56
\\ -~

b) Cowmbined results

Typography ' Test context
0ld New
Hits (%) 63.88 64.06
Rotated FA's (%) 21.25
d' 1.27 1.21
Hits (%) 41.13 35.94
Normal FA's (%) 17.06
d .81 67
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= 31.24, MSe = .13J. There was also a significant interaction effect of
test order with test context, F(l,l14) = 5.77, MSe = .05, with no other

»
effects approaching significance. The interaction effect reflects a
greater difference [n performance between old- and new-context test
items when the normal sentences were tested flrst than when the rotated
sentences were tested first. Similar {nteractions involving test order,
were not obtained in any other experiments.

This pattern of results is identical to that observed in
[JExperimeunt U where anomalous sentences were read and generated. The
higher level of performance obtained on the sentences read in rotated as
compared to normal typography reflects an Iincrease in the availablility

g

of item Information with the rotated sentences. The finding that
recognition performance on words tested in old~context and new-context
test items was similar for both typographies indicates a lack of d
relational information with these materfals. In Experiment 13, but not

v
in the present experiment, recognition performance on old-context test
items exceeded performance on new—context test {tems with che rotated
sentences. This difference in the pattern of results must be attributed
to the materials studied in these two experiments and it provides

evidence that the relational information effect observed with the

rotated sentences in Experiment 13 was based on a meaning dimension.

7.3 Summary of experiments

. The two experiments included in this chapter offer an attempt to

~

use the framework proposed for the generation effect as an investigative

tool for examining the transformation effect. The results from these
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experiments fndicate that reading a sentence in rotated as compared to
normal typography has two ettects: 1) it increases the availabllity of
meaning based relational information and 2) it increases the
avallability of item information. This pattern of results is identical
to that observed when sentences were read and generated. The framework
proposed in interpretation of the generatlion effect attributes this
pattern of rgsults to two memorial consequences: 1) lncreased lnterword
organization along a meaning dimension and 2) increased ifntraword
organ{zacion. The present results suggest that the same memorial
consequences underlie the transfordation effect.

The interpretation of the cransformatl&n effect in terms of
fnter- and {ntraword organization differs substantially from the view
presented by Kolers (1973, 1975). Kolers has offered an extensive
investigation of the transformation effect. He has suggested that the
requirement to read a geometrically transformed sentence changes the
average college student into an unskilled readerk&Kolers, 1973, 1975).
The skilled reader is portrayed as an efflcient pat;;}d’dnalyzer, highly
selective in the sampling of ;ritical stimulus features, ignoring
redundant and irrelevant information, with the ability to focus on the
distinguishing characteristics of a stimiluy(Kolers, 1975). Unskilled
reading 1s not just slower than skilled reading, it is less selective
and consequently involves more encoding of relevant and irrelevant
{nformation. Thus, Kolers argues that the skilled reader is able to pay
more attention to the message embodied in the text, while the unskilled
reader spends more time analyzing its superficial aspects. He maintains

that the initial performance of an.activity facilitates the subsequent
¢
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per formance of the same activity. The more unique, individualized, and
varied the cognitive activities involved in the initial task, the
greater the opportunity for reinstating some of these activities at a
later time, 1In short, Kélers' explanation of the transformation effect
18 based on the argument that reading a geometrically transformed text
requires more extensive analysis of the study sentences than reading
normal text, and thus there is a greater chance for reinstantiation of
the cognitive activities involved in the initial reading of the sentence
during testing.

The present findings are partially inconsistent with Kolers'
view. Consistent with his view, the overall increased memorability of
the individual words from both types of sentences read in rotated as
compared to normal typography may be described in terms of the memorial
consequences of skilled and unskilled reading. However, the observed
Increase in meaning based relational information for meaningful
sentences read in rotated as compared to normal typography suggests that
the "unskilled” reader, rather than the skilled reader, attends more to
the message embodied in a text. The ?indings imply that the skilled
reader, who is turned into an unskilled reader by a geometrical
transformation of the text, beygins to rely more on knowledge accumulated
in previous encounters with text, perhaps in order to cowmpensate for the
laborious processing of the transformed text (Graf, 1981l).

The framework proposed in interpretation of the generation
effect attributes the transformation effect to the organizational
processes lnvolved in reading normal and transformed sentences. The

laborious, time consuming, and detailed analysis of a geometrically
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transformed sentence encourages the reader to draw upon all sources of
information about the presented sentence. Some of that information has
been accumulated in memory from previous encounters with text. By ”
relying on stored information about speéific words and about the
' relationships among thé words of th; sentence, the reader formulates
hypotheses about words that mai,follow next in a line of text. Partial
information from the text ma% be used to confirm or reject these
hypotheses. The net result of this word guessing game (Goodman, 1967)
igaén increase in the interword organization along a meaning dimension
and an increase in intraword organization. - ‘
Thus, the advantages of the organizational account for the
transformation eff7%t are, first that it identifies that phenomenon as
J//’* one in a class‘of similar memory phenomenadthat seem to be characterizegd
/%y forcing the learner to attgnd carefdlly to the components of the
learning materials as well as to the relationship§ among those
components. Second, Kolérs' account attributes the different results
observed with the meaningful and the anomalous sentences to différences

-

N
in the cognitive activitiés that are assumed to be required for reading

-

these sentences in both typographies. However, his account offers no

v

explicit basis for expecting separable effects on the availability of
item and of relational information. In short, Kolers' view requires

elaboration before it can accommodate the different pattern of results
- ’ N . ,

observed with meaningful and anomalous sentences. Third, Kolers'
account suggests a positive relationship between retention performance

and tﬁe compléxity of an initial processing task., The superior

retention of rotated as compared to normal sentences provides some

w o

[ S
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evidence in supgprt of such a relationship. While the present
organizational account also anticipates an increase in retentiof

,
performance with an initial change away from normal reading conditions,
it does not postulate a positive relationskip between retention
performance and the complexity of the processing task, since the
knowledge sources available to the reader are assumed to be limited.
Evidence from Kolers (1973) and from Graf (1981) indicates that although
different geometrical transformations of sentences substantially
increase the difficulty of‘reéding, there 1s no corresponding increase

in retention.
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Chapter 8
GENERAL DISCUSSION

This thesis presented and empirically tested an intergretive
framework for the generation effect obtained with sentences. It
includes a systematic collection of evidence in support of this
framework. The framework has specific implications for the generation
effect with sentences. These implications permit the discrimination of
the framework from existing alternative views offered in interpretation
of the generation effect. The empirical examination of these
implications provided evidence in support of the framework. Alternative
interpretﬁye views, in their pre§ent form, cannot readily accommodate
.these findings. Thus, by eliminating alternative interpretive views
offered for the generation effect and by accommodating it under a new
framework, this thesis contributes to our understanding of the
generation phenomenon. Moreover, the extension of the framework to the
transformation effect reveals it as an effective investigative tool that
promises to be useful in the examination not only of the generation

effect but also of related memory phenomena. -

8.1 Summary of research

The framework presented in interpretation of the generation
effect obtained with sentences concentrates on the effects of generating
as compared to reading on interword organization and on intraword

organization. The relationship between these organizational processes
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and retention peigg;;;;;e has been extensively documented. The
involvement of these processes in the generation effect was assessed in
two series of experiments. The experiments on Interword organization
demonstrated a substantial retention advantage in the Generate as
compared to the Read condition when meaningful sentences were studied
but no generation effect when the anomalous sentences were studied.
This pattern of results was obtained over a wide range of performance
levels, multiple study-test trials, with different types of tests and
test-cues, and when study was paced and unpaced. The consistent finding
of a generation effect with meaningful sentences combined with its
absence on the anomalous sentences establishes that generating as
compared‘to reading results in increased interword organization along a
neaning dimension.

A very different pattern of results was observed in experiments
on intraword organization. These experiments revealed a generation
effect on both the meaningful and the anom;:Zus sentences. Thus, unlike
the effects of generating and reading on interword organization, the
éffect of generating on intraword organization is independent of the
meaningfulness of the study sentences. Generating as compared to
reading increases intraword organization in both the meaningful and the
anomalous sentedceé.

In combination, the evidence in support of each organizational

&
process indicates that generating as compared to reading has twé

-

consequences: 1) increasing interword organization along a meaning
dimension and 2) increasing intraword organization. The empirical

manifestations of these organizational processes are: 1) an increase in
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the availability of meaning based relational information and 2) an
increase in the availability of item or word information. The combined‘
effects of generating and reading on both of these sources of
information were examined in a separate series of experiments. The
varied-context word recognition test was used in these experiments.

This test was designed for assessing the combined effects of generating
as compared to reading on relational and on item information
similtaneously. The findings from this test provide additional evidence
in support of the framework as a whole.

The framework was used as an investigative tool in the
examination of the generation effects obtained with pairs of related
words. In particular, retention of rhyming word pairs was assessed with
the-varied—-context word recognition test adapted for these materials.
The findings suggest that while generating as compared to reading a pair
of rhyming words increases the availability of item.fnformation, the two
processing conditions do not appear to have a differential influence on
the availability of relational information.

However, any strong conclusions about the effects of generating
as comﬁared to reading rhyme pairs on the availability of relational
information must remain tentative., All test items included in the

-

varied-context word recognition test used in the measurement of o
relational information contained two words that rhymed with one another.
Some test items included two words that had appea;ed together in the

same study pair while others included two words that had appeared in two

different study pairs. Thus, the relational information available in

the former test items, but not in the latter, was based on the specific
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combination of two words in a pair. The test results showed no
differential availability of this type of relational information when
palrs of rhyming words were read and self-generated. However, the test
was insensitive to other types of relational information, in particular
to phonemically based relational information. An appreciatlion of the
phonemic relationship between the words of a rhyming pair seems to be
required 1in the Generate but not in the Read condition (Slamecka & Graf,
1978). Thus, the possibility remains to be investigated that generating
as compared to reading rhyme pairs does increase the availability of
phonemically based relational information. The varied-context word
recognition test can readily be adapted for measuring differences in
phonemically based relational information.

The framework was also applied in the examination of the
detailed memorial consequences underlying the transformation effect.

The pattern of results from two experiments on the transformation effect
was identical to that observed in the generation effect., Therefore, in
revealing the basic similarities underlying these two memoéy phenomena,
the framework also contributes to our understanding of the
transformation effect.

Overall, the framework offered in interpretation of the
generation effect 1s supported by a systematic collection of evidence.
This evidence comes from experiments on the retention of sentences that
were read and self-generated. The additional evidence from the
gengyation effect with rhyming word pairs and from the transformation

effect reveals the framework as a powerful investigative tool that
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promises to be useful in the interpretation of phenomena related to the

generation effect obtained with sentences.

8.2 Theoretical advances

The major objective of this thesis was to present and to test an
interpretive framework for the generation effect obtained with
sentences. The empirical investigation of predictions derived from
the framework provides supporting evidence. Thus, the objective of this
thesis has been met by accommodating the generation effect obtained with
sentences under a framework based on well established psychological
processes.

This framework questions extant alternative views as serious
interpretive candidates for the generation effect obtained with
sentences. The evidence accumulated in support of the framework cannot
readily be accommodated by the alternative interpretive views. The most
prominent of these views are: (a) the comprehension view, (b) the
levels of processing view, (c) the distinctiveness view, and (d) the
retrieval practice view. The comprehension view is based on the notion
that generating as compared to reading leads to better comprehension
which in turn mediates increased retention performance (Bobrow & Bower,
1969). The levels of processing view lmplies that generating iavolves
deeper semantic processing than does reading. The distinctiveness view
asserts that a more distinctive memory episode is created when verbal
materials are self-generated rather than just read. The distinctiveness
of a memory episqgs_is positively related to its retention (Jacoby et

al., 1979; Eysenck, 1979). Finally, the retrieval practice view argues
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that generating, but not reading, requires retrieval of materials from
semantic memory. An initial retrieval is assumed to facilitate
subsequent retrieval of the same materials (Bjork, 1975; Rabinowitz,
Mandler, & Patterson, 1977). The common denominator of these views is
that they attribute the generation phenomenon to one crifical component
or process (i.,e., comprehension, depth of processing, dis ctivedess,
or retrieval from semantic memory) that 1is assumed to be more involved
in generating than in reading.

A single component view can account for the effects of
generating as compared to reading at a single locus. Such a view can
accommodate main effects in the results but it does not predict and
cannot readily accommodate effects at two loci. Thus, the views
previously offered in interpretation for the generation effect are able
to interpret the evidence accumulated in the demonstration of the effect
of generating as compared to reading oun intraword organization. 1In the
experiments focusing on intraword organization, generating resulted™Mn a
higher level of performance than reading whether the study sentences
were meaningful or anomalous. This consistent difference in performance
between generating and reading may be attributed to a difference in
comprehension, a difference in the level of processing or in
distinctiveness, of a difference in retrieval practice, just as it was
interpreted as reélecting a difference in intraword organization. The
author's theoretical preference for the concept of intraword
organization was based on a number of considerations. First, the notion
of comprehension is vague and it is difficult to assess it unambiguous{y

with the materials that are commonly used in generation experiments



134, —

(Anderson, 1972). Moreover, the present framework emphasizing inter-—
and intraword organization subsumes the memorial consequences that are
clearly implied by the notion of comprehension. Second, the notions of
depth of processing and distinctiveness are also vague and they have
been criticized for lacking independent indexes (Baddeley, 1978;
Postman, 1975). These notions were intended and successfully employed
as heuristics for describing and relating diverse memor; phenomena.
Their focus on a single locus of the effects of generating as compared
to reading, however, limits the profitability of their application to
the generation phenomenon, Third, the retrieval practice account has
been criticized as bordering on the circular (Slamecka & Graf, 1978).
In addition, this notion requires elaboration before it can even
accommodate the present finding of a generation effect on words that
were supplied to, rather than generated by the subjects. In contrast,
the process of intraword organization is well established in the
literature and it has been subjected to extensive investigation.

The previous interpretive views lack a component for dealing
with the eftfects of generating as compared to reading at two loci, that
is, with the observed interaction effects. Interaction effects were
obtained in the expgriments focusing on interword organization. In
these experiments;/there was a consistent generation effect when
meaningful sentences were studied but no generation effect on the

anomalous sentences. While the single component views include a

component for explaining the generation effect obtained with the 4\\\\§‘—}>
/\ _/_/
meaningful sentences, the same component cannot also explain the absence

of an effect on ,the anomalous sentences. These views could be modified



ST

135

to enable them to accommodate the effects of generating on interword
organization. However, such modifications would render them
indistinguishable from the framework proposed in this thesis. After
such modifications, the present framework would still enjoy numerous
advantages stemming primarily from an extensive literature on the
organizational processes involved in the framework.

The inability to accommodate the observed interaction effects
also eliminates the more quantitative views offered in interpretation ot
the generation phenomenon. These views include the effort view,
strength theory, frequency theory, and the total time hypothesis. glnce
these views attribute the generation effect found with meaningful
sentences to a quantitative difference in effort, in frequency of
exposure, in streagth of memory traces, or in study time, they also

predict a generation effect with anomalous sentences. Modification of

these views to enable them to accommodate the present results would be

difficult.

Since the organizational processes involved in the proposed
framework have been extensively investigated and discussed in the
psychological literature, this rich body of literature can serve as a
source of ideas for gulding future investigations on the generation
effect. For example, the literature contains evidence on the
differential effectiveness of various organizational dimensions, such as
meaning based, structurally based or phonemically based organization
(Bower, 1972; Bruce & Cgowley, 1970). The ability to impose such
organizations upon to-be~remembered materials develops with age (Liberty

& Ornstein, 1973), while subjects can benefit from such organizations
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long before they qrgantze materials in an effective manner
spontaneously. Thus, the literature on these organizational processes
offers concrete suggestions for questions that remain to be asked about
the generation phenomenon. Moreover, in many cases, Lt also offers
experimental procedures that can be applied iun the investigation of
these questions,

Finally, the framework offers an interpretive tool for
investigating and relating the generation effect to the transformation
effect. By relating these two previously unrelated memory phenomena,
the insights gained into one phenomenon can advance investigation into
the other phenomenon. Progress in science depends on such cross-
fertilization of ideas and on the establishment of relationships between

empirical phenomena,

8.3 Methodological advances_

The work presented in this dissertation also offers a novel
paradigm for gaining control over materifals that are generated by
subjects, and thus for limiting the source of the generation effect to é
the activities invovled 1in generating and in reading. The lack of such !
a paradigm prevented previous investigators from workinglwith sentences,
forcing them to focus on generation effects obtailned with words and word
palrs. This limitation made it difficult to examine many of the
theoretical arguments offered in interpretation of the generation effect
(such as the notion of comprehension). The present paradigm is highly
flexible. It can not only be used to generate meaningful and anomalous

sentences, but also a series of sentences composing a paragraph or
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_nonsense words (a string of letters ordered according to a rule). The
examination of the generation effect with paragraphs may permit an
§ssessment of the role of comprehension in the generation effect. The
examination of the generation effect obtained with various types of
nonsense words could provide additional insights into the nature ot
intraword organization. In short, the flexibility of this paradigm
offers a convenient methodology for examining new aspects of the
generation phenomenon.

This work also ploneers the application of the varled-context
word recognition test in the examination of the generation and the
transformation effect. This test has been used by previous
investigators to examine recall and recognition processes (Humphreys,
1976, 1978). This test is highly adaptible. It can be made sensitive
to meaning based relational information, phonemically based relational
information, as well as many other types of relational information.
However, 1its main advantage stems from its simultaneous sensitivity to

-
both item and relational information.

J

8.4 Directions for future research

Many important questions about the generation phenomenon remain
to be answered. Perhaps most directly related to the present work,
questions remain about alternative organizational dimensions that might
contribute to an increase in relational information in the Generate as
compared to the Read condition. Phonemically based relational
information is an obvious candidate when rhyming word pairs are studied.
But differences in interword organization c¢ould alge\fe based on

A
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grammatical function, temporal contiguity, and various perceptual
attributes of verbal materials (Bower, 1972). Whether or aot these
diverse organizational dimensions are as effective, and as long lasting,
as meaning based organization remains to be investigated.

The process of intraword organization also merits further
investigation; it refers to the organization among the perceptual and
conceptual elements within a word (Mandler, 1979). A change in
{nterword’ organization aepends‘gn exposure to and inspection of a word.
In the present generation paradigm;y\words may be examined in a slightly
di}ferent manner when a‘meaningful(ruther than an anomalous sentence is
generated. 1In order to generate a meaningful sentence, a subject may
examine primarily the meaning of a word to place it into theée specified
sentence frame; generating an anomalous sentence might require
determining the grammatical function of a word., The subtle differences
in generatinyg these two types of sentences may have different effects on
intraword orgaé%;at%pn.

It also remains to be determined whether the observed effects of
generating as compared to reading on interword and intraword
organization depend critically on subjects being supplied with the words
composing each sentence. In previous experiments on the generation
effect subjects always actually generated words. In the present
experlments they generated sentences with the ald of words that were
supplied by the experimenter. Whether or not this difference in the
generate task 1is critical could be determined by supplying subjects with

words that are incomplete (i.e., C R, STR CK, BIC CLE). Subjects would
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have to generate these words (complete them) before they could order
them into a sentence frame.

Future research should also examine the role of these two
organizational processes Iln generatlon effects observed with word pairs.
While this thesis offers an attempt in this direction, it is far from
being complete.. Since considerable recent research on the generation
effect has focused on word pairs, a comprehensive interpretive view of
the effect should be able to accommodate these findings.

Finally, in focusing on the memorial benefits associated with (
generating as compared to reading, the present work has revealed the
ineffectiveness of reading as a learning strategy. More,specifically,
the evidence demonstrated that subjects retain too little meaning based

relational information when they read a sentence. This finding is

surprising and alarming since reading is generally thought to be a task

-
\\-—v—

that involves semantic analysis of the presented materials. It is
4

possible that the reading strategy used by subjects in the present .
experiments is different froﬁ\bhq\iiggxﬁgz\they employ in normal
reading. This difference in reading strategy may stem from being
presented with unrelated sentences rather éﬁ%n with connected text. On
this argument, the observed pattern of results may not hold when
subjects generate and read paragraphs rather than single sentences.
This possibility must be investigated before the present fimdings are
used to reach conclusions about the ineffectiveness of reading as a
learning strategy.

While recognizing these important avenues for future research,

the primary objective of this thesis has been met. An ianterpretive

-
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framework for the generation effect obtained with sentences has been
offered and empirically tested. The present work adds important
insights into the generation and the transformation effect; and it has
potentially important implications for future research on the generation

effect and on related memory phenomena.
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FOOTNOTES

P

Some of the experiments described in this dissertation have
| g S
previously been published in P. Graf, Two comsequences of generating:

Increased inter— and intraword organization of sentences, Journal of

Verbal Learning and Verbal Behavior, 1980, 19, 316-327. This paper

includes experiments 1, 3, 4, 5, and 8.

In a few experiments, some subjects did not meet this requirement.
In some cases, a subject was unable to generate a sentence in the
available time. In other cases, an incorrect sentence Qas generated
(i.e., by incorrect grammar, adding unacceptable words, misreading a
word, or reversing subject and object nouns). In the latter case, a

subject was allowed to continue in the experiment provided that only

- one such error occurred and provided. that all available words had

been used in a grammatical sentence. The number of subjects who

failed to meet the participation requirement was as follows: five in
Experiment 1, thr;e in each of Experiments 2 and 3, one in Experiment
4,‘seven in Experiment 5, five in Experiment 7, and six in Experiment

8. Of these 30 subjects, nine attempted to generate meaningful

sentences and 21 anomalous seatences.
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’ Appendix A

N

Sentences used in all experzaents involving sentences

Meaningful sentences:

Practice
Sentences

Filler
Sentences

Critical
Séntences

OV O~ WL W -

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

THE WEALTHY LANDLORD SMOKED THE PIPE
THE ANTIQUE RING PLEASED THE BRIDE
THE LARGE WAREHOUSE SOLD THE MATERIAL
THE DUSTY BOOK CONTAINED THE RIDDLE
THE FLYING SAUCER CARRIED THE CAPTIVES
THE JOKING FOOL AMUSED THE KING

THE CLUMSY ACTOR MISSED THE CUE

THE LONG DISCUSSION TIRED THE AUDIENCE
THE ALERT GUARD NOTICED THE TRESPASSER
THE HATEFUL BANKER CALLED THE LAWYER

XS

THE HEAVY CARPET PROTECTED THE FLOOR
THE SQUIRMING WORM ATTRACTED THE FISH

THE ANGRY MOTHER RETURNED THE GIFT
THE GOLDEN KEY LOCKED THE DOOR
THE KIND PRIEST DRANK THE TEA:

THE COLD WATER FILLED THE BOTTLE

" THE HUNGRY CHILD PLAYED THE PIANO

THE REMOTE COTTAGE SHELTERED THE TRAVELLER
THE BLOND GIRL BAKED THE CAKE

THE POPULAR MAGAZINE REPORTED THE MURDER

THE WISE JUDGE READ THE LEAFLET )
THE FALLING TREE CRUSHED THE TENT

THE OLD MAN GRASPED THE CANE

THE CLEVER FOX FOLLOWED THE TRAIL

THE CHARMING MAID POLISHED THE GLASS

JTHE SOFT SNOW COVERED THE ROAD

THE SOME PILOT ENTERED THE HOSPITAL

THE PIERCING SCREAM WOKE THE NEIGHBOUR

THE PASSING CAR STRUCK THE BICYCLE

THE TIMID HAMSTER ATE THE CHEESE

THE BLAZING FIRE HEATED THE ROOM

THE RUDE SALESMAN INSULTED THE CUSTOMER

THE: SMALL ROCK BROKE THE WINDOW

THE ANCIENT CASTLE OVERLOOKED THE BAY s



35
36
37
38
39
40
41
42
43
44
45
46
47

48
49

50
51

52

54
55
56
57
58
59
60

THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE

» THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE

156

SMART STUDENT QUESTIONED THE TEACHER
COMFORTABLE CHAIR RELAXED THE PATIENT
CUNNING DETECTIVE SOLVED THE CRIME
EMPTY VASE DECORATED THE TABLE

DIM LIGHT BRIGHTENED THE HALIWAY
IMPATIENT BOSS DISMISSED THE EMPLOYEE
YELLOW BIRD SMELLED THE FLOWER

POOR WRITER SIGNED THE CONTRACT
CAUTIOUS BEAR WATCHED THE TRAP
FEEBLE GRANDMOTHER LEFT THE HOUSE
FAMOUS MUSICIAN BOUGHT THE PAINTING
BRAVE POLICEMAN STOPPED THE THIEF
STORMY WIND SLAMMED THE GATE

CUTE KITTEN TANGLED THE KNITTING
YOUNG DOCTOR FOLDED THE NEWSPAPER
SLOW TURTLE ESCAPED THE FISHERMAN
BUSY SCIENTIST DISCOVERED THE DRUG
WITTY CLOWN TRICKED THE SOLDIER
DIRTY TRUCK OBSTRUCTED THE TRAFFIC
FRIENDLY CARPENTER BUILT THE SHAK
TINY MOUSE FRIGHTENED THE COOK
CHEERFUL TUNE CONSOLED THE TEAM
HEAVY CARPET PROTECTED THE FLOOR
SQUIRMING WORM ATTRACTED THE FISH
STRONG COFFEE DELIGHTED THE GUEST
CLINGING VINE FRAMED THE POSTER
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Anomalous sentences: <

Practice
.Sentences

Filler
Sentences

Critical
Sentences

SO o NOU W

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33

35
36
'37
38
39

THE
THE
THE
THE
THE
THE
THE
THE
THE
THE

THE
THE

THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE
THE

WEALTHY RIDDLE SMOKED THE SAUCER
FLUID WAREHOUSE CARRIED THE RING
DUSTY PIPE PRODUCED THE CAPTIVES
LARGE MATERIAL CONTAINED THE LANDLORD
ANTIQUE ISLAND CLEARED THE BRIDE

LONG AUDIENCE ERASED THE FOOL

THICK DISCUSSION PACED THE PRISON
HATEFUL FIELD FLUSHED THE BANKER
FLOWING GUARD' RULED THE TIRE

THIRSTY PAGE NOTICED THE CUE

HANDY SCRATCH MOTIONED THE HEADLINE
DREAMING RANSOM STAMPED THE LOGIC

ANGRY ROAD RETURNED THE MAID
GOLDEN NEIGHBOUR CRUSHED THE WATER
KIND CAKE LOCKED THE CHILD

COLD PIANO READ THE TRAVELLER
HUNGRY COTTAGE DRANK THE PRIEST
REMOTE MURDER GRASPED THE TREE
BLOND LEAFLET FILLED THE PILOT
POPULAR TENT FOLLOWED THE MOTHER
WISE CANE PLAYED THE GIRL

FALLING GIFT POLISHED THE MAGAZINE
CLEVER DOOR SHELTERED THE SNOW

OLD GLASS BAKED THE JUDGE

CHARMING TRAIL ENTERED THE KEY
SOFT TEA COVERED THE FOX

HANDSOME HOSPITAL REPORTED THE SCREAM
PIERCING MAN WOKE THE BOTTLE

PASSING CHEESE QUESTIONED THE SALESMAN
CAUTIOUS FIRE OVERLOOKED THE CAR
BLAZING CUSTOMER SOLVED THE ROCK

RUDE BIRD BROKE THE HALLWAY

SMALL BAY SIGNED THE DETECTIVE

FEEBLE WINDOW SMELLED THE STUDENT
ANCIENT CHAIR HEATED THE GRANDMOTHER
SMART HOUSE BRIGHTENED THE EMP LOYEE
COMFORTABLE FLOWER STRUCK THE TABLE
CUNNING CONTRACT LEFT THE CASTL!

EMPTY TRAP INSULTED THE WRITER

'



40
41
42
43
44

46
47
48
49
50
51
52
53
54
55
56
57
58

60
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THE DIM HAMSTER DECORATED THE TEACHER °
THE IMPATIENT CRIME ATE THE LIGHT

THE YELLOW PATIENT DISMISSED THE ROOM

THE POOR VASE RELAXED THE BOSS \\\”4
THE TIMID BICYCLE WATCHED TflE BEAR

THE CUTE NEWSPAPER SLAMMED THE FISHERMAN

THE STORMY PAINTING BUILT THE THIEF

THE BRAVE KNITTING STOPPED THE SOLDIER

THE FAMOUS FLOOR BOUGHT THE SCIENTIST

THE CLINGING POSTER PROTECTED THE FISH

THE STRONG WORM ATTRACTED THE VINE

THE SQUIRMING POLICEMAN FRIGHTENED THE TRUCK
THE HEAVY TEAM FOLDED THE GUEST

THE CHEERFUL CARPET ESCAPED THE MOUSE

THE TINY TUNE OBSTRUCTED THE CARPENTER

THE FRIENDLY COFFEE TRICKED THE DOCTOR 4
THE DIRTY WIND CONSOLED THE TURTLE \\\_»//
THE WITTY TRAFFIC DISCOVERED THE COOK

THE BUSY DRUG FRAMED THE KITTEN

THE SLOW SHACK TANGLED THE CLOWN

THE YOUNG GATE DELIGHTED THE MUSICIAN

2
(el

f b agsk
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Rhyming quadruples used in Experiment 12

Study
Items

Woo~NONWV W

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Distractor 25
items 26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

CAGE~PAGE~RAGE-WAGE
CARE-DARE-FARE-RARE
FARM~HARM-~CHARM—-ARM
RING-KING-SING-WING
MAT-SAT-CAT—-RAT
BRIGHT-NIGHT-LIGHT-TIGHT
SCORE-CORE-BORE-MORE
LAST-FAST-CAST-MAST
PACE-LACE-FACE-RACE
SLOW-GLOW-SNOW-ROW
FATE-MATE-HATE-LATE
FAME-S AME-GAME-NAME
CHEAT-MEAT-SEAT~-HEAT
NEAR-DEAR~CLEAR-FEAR
FIT-BIT~SIT-HIT
BACK-LACK-PACK-SACK
MAN-CAN-PAN~FAN
MOON-NOON-SPOON-SOON
CAMP-DAMP-RAMP-LAMP
ROCK-SOCK-LOCK-DOCK
HILL-MILL-BILL-FILL
FAIL~-SAIL-PAIL-TAIL
HAND-BAND-LAND-SAND
BELL~-CELL~-FELL-TELL

READ-DEAD-LEAD-HEAD
REST-BEST-WEST-TEST
WRONG-LONG-ALONG-SONG
GLOOM—~-DOOM~-BROOM~ROOM
BEND-END-MEND-LEND
SLEEP-DEEP-CHEAP-HEAP

"BALL-WALL-FALL-HALL

CATCH-MATCH~PATGH-HATCH
GRAIN-TRAIN-PLAIN-PAIN’
BAD-MAD~PAD-SAD
FOLD-MOLD-COLD-HOLD
BET-WET~-LET-PET
DAY-BAY-MAY-SAY
FROWN—DROWN-CROWN~BROWN
FAR-BAR~CAR-TAR
FIND-MIND-KIND~BIND
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Practice
items

CNO NV W~

s
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MILD~WILD
TIME~D IME
CREAM~DREAM
ROUGH-TOUGH
SNEEZE~FREEZE
DITCH-WITCH
BEAST-EAST
LOVE-DOVE
HOOK-BUOK
SILK~MILK

Prease
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A@pendix B
{

Analysis of variance: Cued recall ofpnouns by study material

and processing condition

in Experiment 1

Source Sum Degrees Mean
of of of Square
Variance Squares Freedom

Between subjects
A) Study material 261.333 1 261.333

Subjects w. groups 158.917 22 7.223
s

Within Bubjects

B) Processing condition 18.750 ?f 18.750
Tnteraction of A x B 48.000 1 48 .000
B x Subjects w. groups 84,250 22 3.830

Total ’ 571.250 47 12.154

F
Ratio

36.18

12. 3

Significance -

Level

<.01

" <05

<.01
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Analyséis of variance: Cued recall of object nouns by study material
and processing condition

in Experiment 2

Source Sum Degrees Mean F Significance
of of ' of Square Ratio Level
Variance Squares Freedom

Between subjects N

A) Study material 65.333 1 65.333 37.17 <.01

Subjects w. groups | 38.667 22 1.758

Within subjects

B) Processing condition 8.333 1 8.333 7.24 <.01
Interaction of A x B 40.333 | 40.333 35.03 <.01
B x Subjects w. groups  25.333 22 1.152

Total 178.000 47 3.787
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Analysis of variance: Cued recall of nouns by study material

and processing condition

in Experiment 3

Source Sum
of ~ of
Variance Squares

Between subjects
A) Study material 305.021

Subjects w. groups ' 198.791

Within subjects
B) Processing condition 82.687
Interaction of A x B 42.187

B x Subjects w. groups 101.625

Total 730.311

Degrees Mean

of Square
Freedom
1 305.021
22 9.036
1 82.687
1 42.187
22 4.619
47 15.538

F
Ratio

33.76

Significance
Level

<.01

<.01

<.01
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Analysis of variance: Cued recall of nouns by study material, trials
and processing condition

in Experiment 4

Source Sum Degrees Mean F Significance
of of of Square Ratio Level
Variance Squares Freedonm

Between subjects

A) Study material 1418.771 1 1418.771 36.09 <.01
Subjects w. groups 864,858 22 39.31

Within subjects

B) Trials 742,593 2 371.297 69.55 <.01
Interaction of A x B 37.514 2 18.757 3.51 <.05
‘B x Subjects w. groups 234.888 44 5.338

C) Processing condition 35.999 1 35.999 3.64 <.08
Interaction of A x C 117.360 1 117.360 11.86 <.01
C x Subjects w. groups 217 .638 22 9.894

Interaction of B x C 20.292 2 10.146 4.21 <.05
Interaction of A x B x C 4.597 2 2.299 .95 -
B x C x Subjects w. groups 106.109 44 2.412

Total 3800.619 143 26.578
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Analysis of variance: d' scores for recognition by study material,
groups, and processing condition

in Experiment 5

Source Sum Degrees Mean F Significance
of of of Square Ratilo Level
Variance Squares Freedom

Between subjects

A) Groups 16.376 1 16.376 14.79 <.01
B) Study material 80.319 1 80.319 72.52 <.01
Interaction of A x B 6.568 1 6.568  5.93 <.05
Subjects w. groups ’ 48.730 44 1.107

Within subjects

C) Processing condition 812 i 812 .99 --
Inte;action gf AxC 1.195 1 1.195 1.47 -
Interaction of B x C 11.683 1 11.683 14.35 <.01
Interaction of A x B x C 569 1 <569 ) t?o " -=
C x Subjects w. groups 35.834 44 814

Total 202.086 95 2.127
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Analysis of variance: Free and cued recall of nouns by processing
>

condition in Experiment 6

Source Sum Degrees Mean F Significance

of of of Square Ratio Level
Variance Squares Freedom

Subjects ] 221.438 15 14.762

A) Processing condition  342.250 1 ©342.250 27.19 <.01
A x Subjects w. groups 188.750 15 12.583

SN

B) Test type 126 .563 1 126.563 62.37 <.01
B x Subjects w. groups 30.438 15 2.029

Interaction of A x B 30.250 1 30.250 6.90 <.01
A x B x Subjects w. groups 65.750 15 4.383
Total 1005.438 63 15.959

<
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Analysig of variance: Recognition of nouns by study material
and processing condition

in Experiment 7

Source Sum Degrees Mean F Significance
N of of of Square Ratio Level
Variance Squares Freedom

Between subjects
4A) Study material 12.250 1 12.250 .]8 -

Subjects w. groups 470.188 30 15.673

Within subjects

B) Processing condition 240.250 1 240.250 25.77 <.0l1
Interaction of A x B 5.063 1 5.063 560 -
B x Subjects w. groups 279.688 30 9.323

Total 1007 .438 63 15.991

S
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A

Analysis of variance: Recognition of nouns by study material

a

_ Source
f [
Variance .
Between subjects

,A) Study material °

Subjects w. groups

Within subjects o,
'B) Processing conditioq
interaction of AxB

-B x’SubJeccs W, 'groups

. thal

nd processing condition

in Experiment 8

Sum Degrees Mean F Significance
of of = Square Ratio Level
Squares Freedom zk\

183 1 183 .27 -
20.213 30 674
. M . :
3296 1 3.294 1872 <.01
311 A31 75 -
5.280 30 176
29.102 63 - 462



Analysis of variance:

Source
of
Variance
Between subjects

A) Processing condition

Subjects w. groups

Within subjects
B) Test context
Interaction of A x B

B x Subjects w. groups

Total

169

Recognition of nouns by processing condition

and test cgntext

in Experiment 9

‘

éum Degrees Mean
of of Square
Squares Freedom

10.033 1 10.033
16,722 30 .57
1.464 - 1 _ 1.464
1.035 1 1.035
2.165- - 30 072
31.419 . 63 499

.
- . ’

F
Ratio

18.00

20.29

14.35

Significance
Level

<.01

<.01

<.01
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Analysis of variance: Recognition of nouns by processing condition

and test context

N in Experiment 10
Source . Sum Degrees Mean F Significance'
of ‘ of of Square Ratio Level
Variance Squares Freedom )

Between subjects
A) Processing condition 5452 1 5.452 13.26 <.01-~ ’

Subjects w. groups 12.332 30 411

Within subjects

B) Test context 137 1 137 1.97 -— :
7“\ 9 - - N
Interaction of A x B .002_ . 1 - +002 .03 --
B x Subjects w. groups 2.090 30 070
e ) ‘
Total ' 20.013 63 -+ .318
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Recognition of nouns by test order,

processing condition and test context

Source
of

Variance

" Between subjects

A)'Test order

'Subjects We groups

Within subjects

B) Processing condition
Interaction of A x B
B x Subjects w.. groups

C) Test context
Interaction of A x C
C x Subjects w. groups

Interaction of B x C

Interattion of A x B x C °

in Experiment 11

Sum
of
Squares

675

18.413

26.471

T44

9.760

© 9.940

.092
3.609

2.724
+006

B x € x Subjects w. groups 7.739

Total

80.166

Degrees
of
Freedom

22

Mean
Square

" 675

.837

26.471
“W744
2444

9.940

.092.

164

2.724
006"

.352

844

’3.‘

- F Significance
Ratio Level

081 ) -

59.67 <.01
In68 -

902 ==
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'/hnalysis of variance: Recognition’of nouns by test order,

processing condition and test context

Source
of

Variance
.Between subjects
A) Test order’

Subjecfs We gfqups

Within subjects

B) Processing condition
Interactioq of Ax B
B x Subjects w. groups

C) Test context
Interaction of A x C

G x Subjects w. groups

Interaction of B x C
Interaction of Ax B x C

-

in Experiment 12

Sum
of
Squares

333

31.002

"4.386
17 .582

o 11.138

$232
4.550

0143
.032

B x C x Subjects w. groups 4.504

Total

73.979

Degrees
of Square
Freedon
1 .333
22 1.409
1 4.386
'1 0076
22 .799
1 11.138
1 .232
22 «207
143
1 ,032
22 .205

95 779

Mean

" F
Ratio

24

.16

Significance
_Level



173

o

7

Analysis of variance: Recognition of nouns by test order,
study typography and test context

in Experiment 13

P [y
Source Sum Degf;;s ﬁean F Significance
of of F/Bf Square Ratio Level
Variance Squares Freedom

Between subjects
A) Test order 015 | S .015 02 --
Subjects w. groups " 10.289 14 735

Within subjects

. B) Typography 10.168 1 10.168- 31.45 <.01
Interaction of A x B 173 1 173 '\T%4 -

* B % Subjects w. groups 4,527 14 " 323
C) Test context . 4.725 1 4.725 36.54  <.01
Interaction of A x C . .089 1 .089 ' .69 -
C x Subjects w. groups 1.811 14 - 129 ‘ ;
Interaction of B x ¢ ' 1.280 1 1.280  6.54  <.05
Interaction of Ax Bx C - .157 ~ 1. .157 .81 f—
B x C x Subjects w. groups 2.740 14 .196 ’

. 8 . . ' .

Total , 35.974 63 w571

~- ) . - ‘
. . \ «
el ” N "’
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Analysis of variance: Recognition of nouns by test order,

study typography and test context

in Experiment 14

Source Sum
of of
Variance Squares

Between subjects

A) Test order 044

i .
Subjects w. groups 8.817

Within subjects

B) Typography 4.091
Interaction of A x B 176
B x Subjects w. groups 1.833
C) Test context .139
Interaction of A x C . .281
C x Subjects w. groups .681
Interaction of B x C - 032

Interaction of A x B x°C 038

B x C x Subjects w. groups 1.029

Total 17.161

Degrees

of

Freedom

14

Mean
Square

044

.630

4.091
.176
.131

.139
.281
049

.032
. 7038
074

272

F
Ratio

-1

07

31.24
1.35

Significance

Level

o

<01

<.05

&
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Appendix C

Experiment on the persistence of thé generation effect
over study-~test trials

The central purpose of this experiment was to examine whether
the generation effect would persist if subjects were given the
opportunity to monitor performance in the Cenerate and Read condition.
Expegiment 4 ind;cated that while there is a generation effect after one
study-test trial, the rate of learning in the two processing conditions
was similar subsequently. This findihg suggested that the test
experience may alert subjects go the ingffe;tiveness of reading as a
learning strategy and it may motivate him or her to try "harder” in the
Read condition later. Based on this suggestion it is'expécted that if
'subjects studigd and were tested on one set of materials, and tﬁed on

another set of materials, there may.no longer be a generation effect on
the second test. This notion was ex;mined in the present experiment.
An additional pﬁrpose.of the experiment was to test whether paced study
(as in ali the other experiments) as compared to self-paced study is

_critical for obtaining the pattern of results characterizing the

\
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remaining experiments. Only the meaningful sentences were used in this

experiment.
-

Method

Subjects and Design. Thirty-two subjects were used in this

experiment, 16 of which were randomly assigned to the Paced group and
the reamining 16 to the Self-paced group. The design included the
processing condition (gegerate and read) as a within-subjects factor and

the groups (paced and self-paced) as a between-subjects factor.

Material and Procedure, The study list consisted of 32

meaningful sentences arranged into two’ sets of 16 each. In each set
eight were ghown in each presentation format. The sentences were
counterbalanced such that each occurred equally often in set 1 and in
"set 2. The procedure ekposq@ each subject once to each sentence set
following each with a cued recéll test. The studying and testing of the
two sets was Separated by a five minute i;tervél during which Fubjecté
were engaged in conversation. The verbs were used as. cues on the recall
test. The instructions given to the Self—paced group were identical to
those received by the Paced ggoup exceptiné’fhag the former grsup was
required to press'a kex'to advance frop one sentence to the next.
Subjects were asked to press the ke} when they had finisﬁed reading a

displéyed sentence or generating ohe with the words provided on the CRT.
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Results and Discussion

The recall protocols were scored and summarized as in Experiment
1. The mean number of nouns recalled in each condition is displayed in
Figure C.1. The figure shows (a) a substantial generation effect on
each set iné;g;h group, (b) qstter performance in the Paced group than
in the Self-paced group, and (c) better perfogmance on the second set
than gn the first set for both groups. )

(p The data were gubmitted to an analysis of variance. The

—

analysis treated groups (paced and self-paced) as a between-subjects
factor and both set and processing condition (generate and read) as
within-subjects factors. The results of the analysis are presented in
Table C.l. The analysis confirmed observations showing a main effect
for processing condition, Eﬂl,30) = 46.05, MSe = 8.97, for group,
F(1,30) = 8.01, MSe = 21.9&74, and fo&}fc, F(1,30) = 9.68, MSe = 4.42,
with no other effects apprbaching significance.

The observed generation effects replicate the findings from
other experiments on interword organization, and they extend these
findings to a self-paced study situation. The lower performance in the
Self-paced group, as compared to the Paced group, might be due to a
difference in study time. While the paced subjects were given eight
seconds to study each sentence, the self-paced subjects allowed
them3élves only an average 6.9 seconds to generate each sentence and 4.4
seconds to read eaéh sentence. The increased performance on the second

set, as compared to the first set, suggests that subjects try harder
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icure C.1. Recall of nouns (means and standard deviations) as a

function of group, set, and processing condition
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after having been tested or that the first test experience teaches them
how to sgudy the gentences more effectively for the second test. Most
importantly; however, the presence of a generation effect on both sets
indicates that the test experience does not differentially affect the
leafﬁing strategies that subjects may be using in the Read and Generate
condition.

In Experiment ?{ where the same sentences were studied over
three study-test tria1§f$it was observed that the rate of learning was
identical in the two brocessing conditions after one study-tesé trial.
The present results indicate that the outcome of Experiment 4 cannot be
attributed to the nofion that subjects change the learning strategies
used in the Generate and Read condition following the test experience.
Instead{ this experiment suggest that generating as compared to reading
a sentence will aid performance only if the same sentence has not been
eancountered shortly before (see Jacoby, 1978). The sentences read and ¢
genérated n the second and third study-test trial of Experiment 4 had
all been eficountered during_;he‘previous study-test trial. Thus the
rate of learning was the same in the Generate and Read condition. The
sentences used in set 2 in the present experiment had not been studied
in set 1, and subjects learned more in the Generate condition than i

3

the Read condition.
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Table C.1

Analysis of variance: Cued recall of nouns by group, set,

and processing condition

Source Sum
of of
Variance Squares

Between subjects

A) Group 175.781
Subjects w. groups 658.219

Within subjects

B) Set 42.781
Interactionfof A x B 1.125
B x Subjectp w. groups 132.594

C) Processfing condition ] 413,281

Interactign of A x C 13.000
C x Subjects w. groups 269.219
Infékaction of Bx C .125
Interaction of A x B x C .281

B x C x Subjects w. groups 228.094_

Total . 19391500

Degrees

of

Freedom

127

Mean
Square

175.781
21.941

42.781
1.125
4.420

413.281
18.000
8.974

125
.281

{7.603

15.272

F
Ratio

8.01

9.68
$25

46.05
2.01

-02
04

Significance
Level

<.0l

<.01

<.01





