INSTITUTE FOR THE -

STUDY OF

l NTELLECTUAL

BEHAVIOR

Cognitive Processes in Skimming Stories

Michael E. J. Masson
Department of Psychology
University of Colorado

Technical Report No. 84-ONR This research was sponsored

by the Personnel and Training
Institute for the Study Research Programs, Psychological
of Intellectual Behavior Science Division, Office of
University of Colorado Naval Research, under contract
Boulder, Colorado 80309 " No. NO0014-78-C-0433, Contract

Authority Identification Number
September 1979 NR 157-422

Approved for public release; distribution unlimited
Reproduction in whole or in part is permitted for any
purpose of the United States Government.



SECURITY CLASSIFICATION OF THIS PAGE (When Data Entered)

READ INSTRUCTIONS
1. REPORT NUMBER 2. GOVY ACCESSION NO.| 3. RECIPIENT'S CATALOG NUMBER
84 - ONR
4. TITLE (and Subtitle) 5. TYPE OF REPORT & PERIOD COVERED
| o . L Occasional report
i Cognitive Processes in Skimming 10/1/78 - 9/30/79
L 8. PERFOR&N&G ORG. REPORT NUMBER
A 7. AUTHOR(s) 8. CONTRACT OR GRANT NUMBER(s)
Michael E. J. Masson NO0014-78-C-0433
9. PERFORMING ORGANIZATION NAME AND ADDRESS 10. :;gga‘A"cOEA.KEoJEPTT.N:’I:‘OBJEEEST. TASK
ISIB
I NR 157-422

University of Colorado
Boulder, Colorado 80309

; 11. CONTROLLING OFFICE NAME AND ADDRESS 12. REPORT DATE
| Personnel and Training Research Programs September 1979
Office of Naval Research (Code 458) 13. NUMBER OF PAGES

i Arlington, VA 22217

14. MONITORING AGENCY NAME & ADDRESS(/f different from Controlling Office) 18. SECURITY CLASS. (of thia report)

Unclassified
15a, DECL ASSIFICATION/DOWNGRADING
SCHREDULE

16. DISTRIBUTION STATEMENT (of this Report)

Approved for public release; distribution unlimited.

17. DISTRIBUTION STATEMENT (of the abstract entered in Block 20, if different from Report)

18. SUPPLEMENTARY NOTES

19. KEY WORDS (Continue on reverse side if necessary and identify by block number)

Reading Rate, Text Memory, Processing Resources, Rapid Reading, Skimming

20. ABSTRACT (Continus on reverse side if necoseary and identity by block number)

The research in this report investigated comprehension processes and
memory representations involved in skimming stories. Experiments 1 and 2
used a timed recognition test to study the formation of macrostructure repre-
sentations of narrative and newspaper stories while reading at rates ranging
from 225-600 wpm. In some cases subjects were required to read stories typed
in alternating cases in which every other letter was capitalized. Alternating
case was meant to disrupt whole word visual identification processe which
4 are hypothesized to play an important role in rapid reading tasks such as

DD ‘jg:'fn 1473 E0iTION OF 1 NOV 85 iS OBSOLETE
S/N 0102-014-6601 |

SECURITY CLASSIFICATION OF THIS PAGE (When Date Bntered)



LLLURITY CLASSIFICATION OF THIS PAGE(When Data Entered)

skimming. Even while skimming at 600 wpm and while reading alternating cas
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increased and when alternating case was used was consistent with the hy-
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appears that the demands imposed on cognitive processing resources by al-
ternating case and by the selection strategy based on a given perspective
exceeded readers' capabilities. A1l subjects were, however, able to form
macrostructures based on statement importance independent of assigned per-
spectives. In Experiment 4, recall protocols taken from subjects who read
stories at various rates (225-500 wpm) were successfully simulated by a
text processing model developed for normal reading tasks. The results of
these four studies argue that the basic processes in skimming are similar
to those of normal reading, especially in terms of the development of macro-
structure representations, although surface structure processing is limited
and readers must rely to a greater extent on the use of general knowledge an
predictive reading processes while skimming.
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ABSTRACT

The research in this report investigated comprehension processes and
memory representations involved in skimming stories. Experiments 1 and 2
used a timed recognition test to study the formation of macrostructure repre-
sentations of narrative and newspaper stories while reading at rates ranging
from 225-600 wpm. In some cases, subjects were required to read stories typed
in alternating cases in which every other letter was capitalized. Alternating
case was meant to disrupt whole word visual identification processe which
are hypothesized to play an important role in rapid reading tasks such as
skimming. Even while skimming at 600 wpm and while reading alternating case

subjects were able to form macrostructure representations of stories that

included much of the important information in a story and few details. De-

creased performance on the surface memory recognition test as reading rate
increased and when alternating case was used was consistent with the hy-
pothesis that rapid reading and alternating case botﬁ reduce the degree of
detailed surface processing of text. In Experiment 3 subjects read stories
from specific perspectives and were better able to recognize test statements
relevant to the assigned perspectives than they were able to recognize
irrelevant statements, even when skimming as fast as 600 wpm. Subjects who
read alternating case, however, were not able to selectively process and
represent in memory relevant information when they skimmed the stories. It
appears that the demands imposed on cognitive processing resources by al-
ternating case and by the selection strategy based on a given perspective
exceeded readers' capabilities. A1l subjects were, however, able to form

macrostructures based on statement importance independent of assigned per-

spectives. In Experiment 4, recall protocols taken from subjects who read




stories at various rates (225-600 me) were successfully simulated by a

text processing model developed for normal reading tasks. The resuits of
these four studies argue that the basic processes in skimming are similar

to those of normal reading, especially in terms of the development of macro-
structure representations, although su}face structure processing is limited

and readers must rely to a greater extent on the use of general knowledge and

predictive reading processes while skimming.




CHAPTER I
INTRODUCTION

The process of reading is one of the most complex cerebral
functions of which human beings are capable. The cognitive
apparatus required to carry out the steps involved in reading the
written word appears to bte correspondingly complex and intricate.
Given the degree of influence of cognitive processes upon readiug
and = the fundamental importance of these processes for cognitive
theory in general, it is highly appropriate that reading has
become a prominent area of concern for coguitive psychology.

This thesis will focus on a particular type of reading that
is commonly referred to as skimming. In the initial part of this
chapter I will provide a justification for studying skieming
through a discussion of objectives underlying the research to be
descrived in later chapters. Next, the relationship betweeu
skimeing and speed reading will be cousidered in some detail in
the context of previous research on skimring, speed reading, and
reading improvemeut. The chapter will conclude with a discussion
of the rationale for the experimental work reported in Chapters
II-V. The final chapter will summarize these empirical results

and  will present a discussion of fmplications for skimming and

speed reading as well as a plan for future research on skimming .




Objectives in Studying Skimming

Reading has long been a primary area of concern among

researchers 1in education. Only in the comparatively recent past

have cognitive psychologists returned to a serious consideration

of reading processes, & long hiatus followed Huey's insightful

treatise written in 1908. Current psychological research and

modela pertaining to reading have focused on various aspects of

the process, from word recognition and decoding to comprehension

of texts. A wide variety of methodological techniques have been

employed in these efforts, some more closely related to natural

reading  processes than others (e.g., tachistoscopic word

recognition) .

One of the fundamental conclusions that can be drawn from

much of coguitive research on reading is that the process of

reading should not be described as a simple "bottom up"™ flow of

information from the visual 3syster to more complex areas of the

brain suggested in models proposed by Gough (1972} and LaEerge

and  Samuels (1974). A wmore realistic accomt of reading, and
natural language processing in  general, should include

consideration of "top down" or L1y driven pr

(e.g., Bobrow & Norman, 1975).
The construct of conceptually driven  processing is

consistent with theories that clatm that reading is a predictive,

hypothesis testing type of process (Gibson & Levin, 19875;

v 1967; ¢

T, 1970; % & Erooks, 1976; F, Seith,

1971). Some ex.amples of research that support fdeas about the

predictive nature of the reading process include Marcel's {1974}
finding that increasing contextual constraint on sentences by
using G. A. Miller and Selfridge’'s {1950) methcd of successive
approximations to English has the result of enlarging the
effective visual field during reading. The apparent cause of the
effect is reduced sampling of visual inforsation for word
recognition due tc  increased contextual constraint. This
reduction In sampling, in turn, allows more capacity for visual
processing of inforwation in the periphery. Steinheiser and
Guthrie (1974) found that scanning prose or word strings for a
particular word takes less time than scanning for a single
letter. Scanning for a single phoneme required the longest search
time. The wunit of analysis therefore appears to be at least as
large as a whole word and specific graphemic or phonemic
information must be extracted after encoding of the whole word
has at least begun. Drewnowski and Healy (1977} have provided
evidence that subjects may even read in units larger than single
words. Subjects were asaigned the task of detecting the words
Pthe" and "and" in isolation and when embedded in larger words
(e.g., another). Failures to detect the target words were more
common when the targets occurred in isolation as individual
words, indicating that they had been procéssed as part of a
larger wnit with 1little attention paid to the target words
themselves. The highly predictable nature of the occurrence of
“the" and "and" as function words leads readers to ‘take less

notice of their occurrence.




Of course people do not counfine themselves to predicting
what is written before them on a page without consulting their
visual perceptions of the actual markings. There must be some way
in which a reader's predictions and hypotheses about what is
being read can be confirmed and elaborated, rejected, or revised.
A theoretical solution to the problem of how predictive reading

can be constrained and wmade accurate that is gaining wider

t is the nstruct of inter ive pr es (Adams &
Collins, 1977; Bobrow & Norman, 1975; J. Frederiksen, 1978;
Goldstein & Papert, 1977; Masson & Sala, 1978; Rumelhart, 1977a).
within the framework of interactive processes, the task of
reading is conceptualized as a set of subskills that interact
with one another. The "bottom up" or data gdriven skills and
processes, which are responsible for deciphering and bringing
into the information processing system the actual symbols being

read, do not operate independently of the predictions and

3 [ ted by 1ly driven processes. Rather,
conceptually and data driven processes interact with and
influence one another. For example, conceptually driven
predictions about what to expect next while reading can be
verified or rejected by the products of a data driven analysis of
what i3 actually printed. If a prediction is verified reading can
proceed rapidly and further predictions may be more precise; if
not, naew predictions can be generated, hopefully within the
constraints defined by the new information provided by data

driven processes. Similarly, data driven processes can be

influenced by conceptually driven processes, as when a reader is
searching for or expecting a certain kind of information. This
type of influence can allow speeded perception of what is written
with a high degree of accuracy, and it can alsc lead ome to
misread what is actually written, making one's perception of the
written words consonant with expectations even though the true
message may contain contradictory information.

Rumelhart (1977a) has reviewed a number of empirical studies
that support the notion that Imowledge of the world and the
language act to influence perceptions in a couceptually driven
manner., beyond the studies discussed by Rumelhart there exist
classes of other supportive findings. From a developmental
perspective, Biemiller (1970-71) studied oral reading errors of
children of various ages, Biemiller detected three developmental
stages, the first of which was characterized by contextually
constrained reading errors. That is, reading errors were most
commonly of the sort that couformed to semantic constraints of
the surrounding passage. The second stage was defined primarily
by graphically constrained reading errors, and the final stage
was characterized by errors coustrained by graphics and context
(both semantic and syntactic). Thus, in the rinal stage of
reading, constraints on predictive reading are both conceptually
and data driven., A developmental study by Mason (1977) found that
word decoding was dependent on letter properties as well as

familiarity of whole words and that the decoding process is best

viewed as holistic and analytic.




Dependence of decoding on incdividual letter properties and
on familiarity of whole word patterss supports the influential
role of data and conceptually driven processes in decoding. Flood
(1978) _ constructed passages that contained information that
conformed or did not conform to expectations based on the first
sentences of the passages. After reading each passage, high and
lov level eighth grade readers answered questions about the
passage. At least among the poor readers, question answering was
least accurate when the passage violated expectations based on
the first sentence. Using samples of good and poor readers aa
well, Steiner, Wiemer, and Cromer (1971) found that good readers
could extract and use syntactic and semantic cues in reading
vhile poor readers were wnable to extract such cues or even make
use of them if they were explicitly provided by the experimenter.
Success in reading appears to depend on the ability to make use
of various contextual constraints while reading. It is not
sufficient to plod through a cowplete letter by letter decoding
process. In fact, Samuels, Begy, and Chen (1975-76) found that
fluent readers had faster word recognition performance and were
better at generating a target word given context and winimal cues
about  constitueat target letters than slower readers.
Furthermore, Samuels, Dahl, and Archwamety (1974) demonstrated
that training retarded and normal children on hypothesis testing
word recognition subskills led to improved tachistoscopic word
recognition and eloze camprehension performance in both sreups.

These results imply that as the reading process develops, the

role of conceptually driven constraints on data drivea processes
becomes  increasingly important, and consideration of the
interaction of these processes is critical.

Evidence for the important role played by conceptually
driven processes in reading is also available from cognitive
research. Knowledge of syntactic structure of sentences decreases
both the amount of time and cognitive resources required to read
the sentences (Wisher, 1976). Semantic constraints also serve to
decrease the amount of cognitive effort required in reading.
Cutler and Fodor (1979) used a phoneme detection task to examine
efficiency of reading words related or wrelated to the goal in
reading a passage. If the target phoneme occurred in a word
relevant to the reader's purpose, detection time was lower than
when the phoneme occurred in a word not related to the purpose.
Sentence camprehension, then, can be facilitated by the rapid
identification of relevant information. Masson and Sala (1978)
found that imowledge about semantic and surface aspects of
sentences that subjects have previously read can positively
influence the reading time and recognition of those sentences
when presented a second time.

The role of conceptually driven processes is also an
important one from a perceptual point of view. Research on eye
movements during reading has provided ample evidence to conclude
that eye movements are strongly influenced by cognitive processes

occurring during fixations (Rayner, 1978). This conclusion

implies an active, conceptually driven processing mechanism that




searches out particular information from relatively specific

locations, Fixations during reading that involve processing of

both position ang text information take longer than fixations

involving processing of position information alone (Abrams &

Zuber, 1972.73), The latter type or fixations primarily occur

Just prior to return sweeps of the €yes after the end of a line
has been reached ang Just before experimentally imposed elongated

3paces between words, During a fixation certain types of
information are available for procesaing and can influence the
reader's expectations. MeConkie and Rayner (1975; Rayner, 1975)
have shown that subjects acquire enough information within ten
character spaces to the right of the fixation location to
semantically interpret a word. Further into the periphery, up to
about 15 characters to the right of the fixation point, the
subject can perceive only general characteristics of word shape.

But even this vague information 1s used to guide eye movement

patterns such as saccade length. In fact, oral reading accuracy

depends heavily upon presence of information in the periphery

(Poulton, 1962), p, Carpenter and Just (1977a, 1977b) ana
Shedilske, Reid »oand  Wright  (1977) have demonstrated that
fixations are longer in duration at those points when subjects
are integrating fixated information into higher level memory
structures, In their recent development of a model of eye
Rovements during reading Just and  Carpenter (1979) found
empirical support for longer rixation durations corresponding to

the ocourrence of more complex stages of the reading process.

9

Subjects pause to complete at least preliminary comprehension of
one part of a text before going on to obtain further inforwation.

The data on eye movements during reading are consistent with
the theoretical concept of interaction between perceptually
oriented data driven processes and conceptually driven cognitive
processes. This is mutual influence and responsiveness on the
part of both types of process. Developmental and cognitive data
on reading are also consonant with interactive processing
theories. The apparent importance of interaction between
processes precludes the feasidility of research campletely
devoted to the study of processes in isolatiom. & more fruitful
approach would include study of the whole reading process active
in different situations. Study of a particular subprocess or
subsiill could be accomplished by selecting reading tasks that
maintain the basic nature of the reading process and that
emphasize the specific subprocess of coacern. A major objective
of this thesis i3 to investigate the role of conceptually driven
processes in reading and their influence on and responsiveness to
data driven processes. Consequently, it is essential to develop a
reading task that emphasizes the role of conceptually driven
processes. Masson and  Sala (1978) have used tranaformed
typography of sentences as a method of increasing the importance
of conceptually driven processes with some success, This type of
methodology may be adequate for determining basic influences of

conceptually driven proceases, but a more detailed inveatigation

of the subtle effects of conceptually driven processes probably
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requires a more naturalistic reading situation. Less natural
reading tasks may distort subtle effects to a great extent and,
thus, provide an inaccurate portrayal of conceptually driven
processes.

A natural reading situation that presents itself as a prime
candidate for an in-depth study of conceptually driven processes
is skimping. when reading certain types of zaterial, Ane is not
always concerned with reading and fully comprehending every
detail of what was written. Often one reads for a particular kind
of information “ignoring® irrelevant information in the text. In
these cases the reader moves more swiftly through the text than
when reading for full camprehension. Since the reading process is
speeded the reader probably does not fully deccde many words or
sentences in the text, Rather, skimming 1likely involves an
important interaction between data driven processes which provide

barely adequate information about what is actually on the page

and conceptually driven processes which use that information in

developing a comprehensible memory representation of the text by
confirming or rejecting expectations related to the reader's
goal. The evaluative role played by the products of data driven
processes and the highly active nature of conceptually driven
processes in their use of the decoded information places
relatively small demands on the quality of that information and
allows (or even requires) a very rapid flow of unintegrated
inforwation. Thus, the process of skimming was selected as a task

that would emphasize the role of 1ly driven pr

in

reading.

A related objective is, of course, to study the skieming
process itself, Skimming is a form of reading that almost
everyone has done in various situations and, therefore, is a
basic part of a reader's skill. It 1s important to inow how
people skim and the extent to which skimming can be effective.
That is, if a person skims a text for its gist or for a specific
kind of informationm, can that person actually extract the desired
information while processing the text at a relatively rapid rate?
To the degree that this is possible, skimming will be defined in
this thesis as gffective. The two objectives in studying skimming
are closely related and to the extent .that the research described
here is successful in meeting one of the objectives, the other

objective will have been met to the same general degree.
Skimming, Reading Improvement, and Speed Reading

Skimming represents a speeded form of reading and, while
there has been little research directed at skimming processes
themselves, there are two branches of empirical work that relate
to the general issue of reading speed. One of these branches of
research 1is concerned with improvement of reading speed and the
other branch pertains to speed reading.

Educational research on improvement of reading speed has
geuerally conformed to the basic paradigm of training some

subjects in a reading improvement program and evaluating their

improvement - either on the basis of their reading performance




12

prior to training or relative to reading performance of a control
group. A basic and unresolved issue in this field is the
measurement of reading speed relative to comprehbension.
Improvements in reading speed are useful only if comprehension is
not sacrificed. A trade-off probably exists in which, beyond
certain reading rates, increased reading speed will result in

se pi on. R archers have not used wnifore
measures of camprehension and as a result conflicting results
have often been found, In fact, a similar problee exists in
research on speed reading. & resolution of this troublesome issue
will be offered at the eud of this section. In the weantime,
evaluation of experiments will be made in the context of the
types of camprehension measures used in the hope that a
consistent picture of the relationship between reading speed and
comprehension will emerge.

Evaluation of the effectivenesa of the reading speed
improvement methods discussed below should be don.e in light of
Huey's  (1968) claim that some increment in speed without
comprehension loas is possible simply by forcing a faster rate
and avoiding the tendency to "plod® while reading. Poulton (1963)
has also suggested that most readers operate below their maximum
potential rate of information processing. Furthermore, Rankin
{1963} has showm that reading speed improves more reliably if
training first emphasizes speed then comprehension, rather than
camprehension first. Subjects can profit froz some emphasis on

3peed even before comprehension training begins., Reports of

13

increased reading rates may simply be due to subjects realizing
their maxiouw potential rather than representing the result of
some major change in the reading process due to a training
program.

Reading rate is related to visual span of perception
(Buswell, 1957; Gilbert, 1959; Jackson & McClelland, 1975) and a
number of studies have reported attempts to improve reading speed
by providing practice in improving the visual aspan of perception
(Amble, 1967; Brim, 1968; Lloyd, 1978). wWhile these studies were
successful in demonstrating some reading rate improvement, the
quality of comprehension was in doubt. Only in Amble's (1967)

review of developmental studies was comprehension shown to

acutally improve as rate i sed. These impr , however,
were attributable to accelerated development of reading skills
that likely would Mhave occurred by adulthood without special
training. Olsen, Harlow, and Williams (1977) have used a parallel
method of rate training in the realm of braille reading. Blind
subjacts entered a reading improvesment program that emphasized
the use of more than one finger, working onm multipie Llines
simultaneously, and  integration of the obtained bits of
information into camprehensible ideas. Reading rate increased
from a beginning level of 85 words per minute (wpe) to 120 wpam,
with no reliable drop in comprehension. It was fownd, however,
that the largest rate gains were associated with the lowest

comprehension scores. (n the other hand, Marcel (1974#) found that

after receiving training in advanced reading subjects
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demonstrated a greater use of visual periphery. Providing
subjects peripheral vision trajning can improve reading rate
(Satlor & Ball, 1974) but the quality of comprehension at the
inproved rate is in doubt. In gemeral, then, it may be that
improved span of perception, whether it be visual or tactile, may
provide wmoderate increases 1in reading speed . Bgyond modest
increases expected by Huey (1968) and Poulton (1963), however,
comprehension is not maintained.

Improvements in reading speed that are concomitant with
improved comprehension are the most powerful demonstrations of
all. T, Carpenter and Jones (1975) trained subjects to improve
reading rate and canprehension by seeking wain ideas and
developing critical reading ability. In this way, reading speed
increased to an average of 515 wpm with improved comprehension on
the Nelson-Denny test. The standardized Nelson-Denny test is
constructed so that the comprehension questiona are typed next to
the text to be read and there is no guarantee that subjects do
not adopt strategies to search for answers to particular
questions rather than reading the text as rapidly as 515 wpm then
attempting to answer the questiona. After all, training in rapid
reading can lead to rate and coaprehension improvement when

comprehension questions are presented prior to reading a passage

(filynn, 1977). Hor , BT ing 1 pefore reading a

text will improve performance on those questiona but will

decr per on ti not presented prior to reading

(Anderson & Biddle, 1975). These results cast doubt on the

15

validity of comprehension acores based on the Nelsou-Denny test
as a pure measure of ability to read rapidly and then answer
comprehension questions oa virtually any part of the text.
Comprehension tests of the MNelson-Denny variety suffer from
another protlem in the context of measuring reading improvement.
If pre- and posttest scores are used to determine whether reading
rate has {improved without comprehension loss, it is quite
possible that subjects' posttest scores will be inflated due to
prior practice on the test and the development of more efficient
strategies for taking the test. Consequently, the results of
studies using the Nelson-Denny test, espacially in a pre- asd
posttest paradigm, must be highly suspect.

Another method for improving reading speed involves giving
subjects practice at scanuing paperbacks and training of
efficient eye fixations, recognition span, and reduction of
subvocalization (Berger, 1972). Baer (1974), Berger (1968), and
Brown (1976) have successfully 3increased reading rates by
training subjects to scan. No apparent loss in comprenension vas
found, but the specific nature of the comprehension tests were
unclear. Similar results were reported by Gluck {1969}, but
comprehenaion acores based on the Nelson-Denny test showed
declines [from base scores in many cases, although there was no
overall change in comprehension.

A number of methods of pacing subjects at rapid rates of

speed have been used in an effort to lncrease natural reading

rates. One class of methods involves the use of compressed speech
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which requires subjects to listen to tape recoraings of speeded
oral readings of passages. With extended practice in listening to
compressed speech berg {1977) and Thames and Rossiter (1972) have
shown that subjects can increase reading speeds somewhat with no
loss of camprehension. The amount of improvement in speed,
however, was not great and may have been due to subjects’
approaching realization of their maximum potential rather than
being due to a resl improvement in reading skills, without
extended practice, listening to compressed speech does not appear
to be helpful (Stamper, 1976).

Attempts to improve reading rate by training subjects to
read at fast, paced rates of speed have had limited success
(Brown, 1976; Gluck, 1969; Himelstein & Greenberg, 1974;
Lafrfitte, 1964; Maxwell & Mueller, 1967; Poulton, 1961). In all
cases either the amount of reading rate improvement was no larger
than might be expected by Huey's (1968) suggestion  about
self-improved reading apeed, or if the improvements were
reasonably high, quality of comprehension was questionable or
clearly worsened (Buswell, 1957; C. Smith, 1976). In his review
Of research on the use of mechanical devices to pace rapid
reading Tinker (1967) warned that resulting gains in reading
speed are no greater than those that could be accomplished by
increased motivation.

Efforts to increase reading speed in children have cosmonly
resulted in decreased camprehension (Bonsall & Dornbush, 1969;

Neville, 1975; Swalm & Kling, 1973) and have led researchers to

recommend concentration of trainlug on  compreheasion  ang
development of basic learning skills before proceeding to an
emphasis on speed. In fact, there is some concern that emphasis
on speed in readiug at too early an age may retard the
development of flexibility in reading strategies or even basic
skills.

A rather interesting alternative approach tc limproving
reading speed consists of the use of reduced text (Bassin &
Martin, 1976; Martin & Bassin, 1977; Martin & Sheffield, 1976}.
Passages are reduced to a fraction of the number of original
words by eliminating uwiimportant or redundant words. Reduction
can be based on a aumber of different criteria, such as word
freguency, rated subjective importance, or grammatical
importance. for .the wmost part, both sighted and bdlind supjecta
were able to read the reduced text versions without wmajor losses
in comprehension. But reading rate declined as the amownt of
reduction increased so that the total time takea to read full and
reduced texts were the same. Subjects seemed to be able to cope
with a limited rate of information flow (of. Carver, 1977;
Poulton, 1958, 1963), and tnese limitations appear to be based at
the level of higher order processing rather than low level
perception (Keen, 1973),

Given that methods of training subjects to read at rates of
speed greater than their normal reading rates has not proven very

successful, 1t would be worthwhile to examine possible causes of

this lack of success. Research on the effects of increasing
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reading rate without prior training on cauprehension and mewory
has provided insight into the information processing constraints
imposed on a reader. I argue that it is these constraints that
are responsible for the failure of training in speeded reading to
produce dramatic increases in reading rate. In an early study on
the effects of forcing subjects to read beyond their normal
rates, Jester and Travers (1966) paced subjects at rates of up to
350 wpe. Pacing was accomplished by the use of controlled visual
presentation of segments of the text, compressed speech, or both.
Comprehension was measured by a multiple-choice test. It was
found that camprehension decreased in a linear fashion as reading

rate . At 300 wpm grea

compreh: on was observed for
those subjects who were paced both visually and aurally.
Comprehension was lowest among subjects paced with compreased

speech alone. Speeded reading cowprehension probably was best

when pr speech ed visual pacing because the
awditory information could encourage efficient eye movements,
especially by reducing regressions, and could provide text

information not coampletely processed by the visual system., Lower

OR prr on of Pt speech presented in isolation
indicates that reading may have greater potential for rapid
information input than listening. The exteat of this potential
will be examined in later sections of the thesis.

Kieras (1974) has also investigated the consequences of
speeded reading. Subjects read sets of related sentences either

at their own rates or at a rapidly paced rate. Recognition of the

02

1%

seatences in a later test was lower for those subjects forced to
read at a fast pace. Kieras suggested that the effects of the
speeded pace were to cause sentence inforwation to te stored in a
less complete and less accessible fore. It appears that readers
are able to process inforwation for optimal comprehension at some
maximum rate of speed. Beyond that rate comprehension is not as
camplete as when lower rates are used. If subjects are forced to
read beyond the maximue rate they will necessarily process less
of what is “read™ and must, therefore, learu to select the
appropriate information for full memory representation (ef.
Poulton, 1963). In a supporting experiment by Poultes (1958),
subjeects studied all or some fraction of a set of test asentences
for a fixed time period. Ou a test of the whole set of sentences
only those subjects who studied one guarter of the set did
poorly. Subjects who studied more than one quarter, including
those who studied the whole set, did equally well ou the test of
total recall. A maximum information input rate had apparently
been reached by those subjects who studied more than one quarter
of the sentences. Those who were given only one quarter of the
sentences were operating well below their optimal imput rate.
Sticht (1977) has presented a theory of reading literacy i
which he has claimed that the optimal level of reading that ocre
can achieve is constrained by one's ability to comprehend speech.
Even with the most efficient decoding processes available, a
reader's canprehension rate will be limited to his or ner speech

camprehension rate. This view of the relationship between reading
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and speech comprehension hints at some fundamental constraints on
natural language processing and is shared by Carver (1977). In
his work on pacing readers at rates of up to 100,000 wpm Carver
bas found that the maximun rate of comprehension of written
material and of speech for college students is in the vicinity of
300 wpm. The optimal rate of 300 wpm was found across all levels
of d¢ifficulty of material tested (elementary school w college).
Rates greater than this led to decreased comprehension, and
beyond 1000 wpm comprebension test acorea were at chance level,
Furthermore, a test of free reading speeds of college students on
materials of differing levels of difficulty showed that the
average rate was aoout 300 wpm.

The resuits of research on foreing subjects to read at
increased rates of speed are consistent in their finding of
decreased comprehension. Even with trainjug at faster reading
rates people are not able to dramatically improve their reading
speed and wmaintain full comprehension. Contrasting with these
results are claims made by advocates of speed reading who have
argued that people can be taught to read at rates of thousands of
words per minute without loss of comprehension. In evaluating
these claims the issue of what is meant by "comprehension” will
once again play a crucial role., In resolving the commercial
enthusiasz of speed reading advocates with experimental fact it
will become apparent that the single most important underlying
isaue 1s that of camprehension.

wood (1960) touted speed reading as a breakthrough in
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improving reading ability and implied that people who read very
fast become very well informed. Of course, it is also possible
that being well informed is a prerequisite of being able to read
quickly. In fact, G. Steveas and Oren (1963) have argued that
speed reading requires adequate conceptual backgrownd kmowledge.
They also claimed that speed reading can be accomplished through
a procedure of reading parts of several different lines of text
at once. It has been shawn that success in speed reading is
linked to alterations in certain aspects of the reating process.
In particular, being able to avoid serial subvocalization of the
text's words s a factor in developing speeded reading (nignerey,
1975; Voluse, 1973). Avoiding serial subvocalization would be
related to the process of reading different parts of the text
simultaneously as it is difficult to carefully attend to multiple
"conversations® at the same time. Appareutly there are some basic
changes in readlx;sg strategy that accompany training in speed
reading. The question remains as to whether speed reading can
provide adequate carprehension.

One of the most convincing demonstrations of successful
speed reading to date was perforwed by Barrus, Brown, and Iouye
(1978). They argued that it is not necessary to see every word to
camprehend all the information in a text, and that speed reading
can provide full comprehension. They selected three growps of
subjects, -one of which was composed of select graduates of a

speed reading course. Graduate studeants in social psychology and

undergraduate honors students all without speed reading training
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formed the other two groups. The material used in the testing
were passages from a social psychology text. The procedure for
x_'eading always iavolved reading the passage for an allotted time
period, making notes about the passage from memory, postviewlng
the passage at a rapid rate, making more notes from memory, then
providing a detailed verbai summary. (ne passage was read at 3000
wpe and postviewed at an average of 4500 wpwm. Anather‘ passage was
read for a fixed time corresponding to a rate of 200 wpm .
Subjects could read the passage multiple times and, of course,
the speed readers did Just that. Postviewing time corresponded to
650 wpm. One Passags was read at the readers' preferred rates:
1800 wpm for speed readers and about 320 wpm for the others,
Scoring of the summaries was based on an outline of the text
consisting of major and minor concepts and supporting details.
Judges blindly rated the quality of the protocols. Subjects who
had received speed reading training showed superior recall on the
first two reading tasks, and were not significantly different
from the otner groups on the free reading passage. This seemingly
convineing demonstration of the effectiveness of speed reading
training suffers from a number of serious problems. Perhaps the
BOSt important flaw is that there is a differential selection
process involved in the classification of subjects as speed
readers or normwal readers. Although all subjects had reasonably
similar wdergraduate grade point averages, there {s no guarantee
that the selected group of speed reading trainees did not daiffer

from the other subjects fn important ways, some of which may
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involve reading abjlities quite wirelated to speed reading
training per se. A related criticise is that the experiment was
designed so that no valid comparison of recall after reading at
different rates could be made within-subjects. Since the
between~-subject comparisons were questionable at best, 1t would
be very important to determine whether speed readers recall more
information when forced to read at slower speeds than when speed
reading. Such a result would call into question the claim that
one need not see every word to comprehend all the inforwation in
the text. Also, the reading and scoring methods were both blased
in favor of the speed reading trainees who have been specially
instructed in methods such as postviewing and forming outlines.
These procedures could have provided the speed reading group with
an  extremely unfair advantage. Finally, comprehension was
estimated in the experiment by camparing recall protocols to an
cutline of the passage being read. Quality of compreheusion,
then, must be defined within the context of gemeral information
included in an ocutline. Given these considerations, the Barrus et
al. (1978) experiment does not seem very convincing.

Even less promising results of speed reading training have
been reported in other experiments. In some cases, training has
led to improved speed but significantly lower comprehension
{(Grar, 1973; D. Stevens & Adams, 1968). In a study by Liddle
(1966) training subjects to speed read led to decreased

comprehension on three different measures, Speed readers were not

able to obtain sufficient information or detaila to recognize
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basic facts or draw related inferences or necessary conclusions.

The measurement of camprehension in experiments on speed
reading is crucial, for it is this measure that will shape the
conclusions that one can draw about the degree of success that a
speed reader has achieved. A number of studies are very revealing
in this regard. Hansen (1975) carried out a discourse analysis of
recall protocols of speed reading trainees and wtrained subjects
all of whom were allowed to read an wnlimited amount of material
in a fixed time period. A striking effect was obtained in that
control subjects recalled fewer idea clusters than the trainees
(probably because they didn't read as far in the passage), but
the cootrol subjects recalled wore information per idea cluster.
4 study of recall protocols of speed readers dome by McLaughlin
(1969) revealed a good deal of reconstructive recall implying
that subjects pleced together bits of information based on
general inowledge. Arguments have been made by B. Swith (1975)
and by Witty (1969) that the standard comprehensjon tests used in
speed reading courses may be limited in the scope of evaluation
of camprehension and that there is alec some question about the
ability to transfer learned speed reading siills to materials
Quite different from those used in training. Demonstrations of
the validity of these concerns are readily available. Rauch
(1971) gave a sample training multiple-choice comprehension test
to a group of teachera after they had read only the title of the
relevant article. Nearly half of the teachers scored 70% or

cetter on the test. Similar effects were reported by Carver
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{1G71). In another demonstration Ehrlich (1963) gave graduates of
2 speed reading course a2 page of typewritten material to speed
read. The subjects read the material over three times for an
overall speed of 1700 wpm and were satisfied that they had
understood the article. Ehrlich had constructed the article by
writing out two lines at a time from two differeant articles,

alternating the pairs of lines to form the final passage. The

subjects had "under a rather pt ble passage! This
serves as a rather strong example of how much the reader must
contribute to what is being read and of just how little external
guidance of thinking (Neisser, 1967) some forms of reading
provide,

Further doubts about the feasidbility of speed reading stes
from research on eye movements during reading which has led to
the conclusion (Spache, 1962; Taylor, 1965) that reading at
speeds beyond 800-900 wpm is impossible due to fixation durations
and the number of fixations required %o perceive all words in a
text. McLaughlin (1969) has refuted these claims and argued thaf',
speed readers have patterns of eye movements that are
characterized by straight sweeps down the page sometimes marked
by small horizontal movements. These patterns are quite different
from those of norwal readers which are characterized by general
left to right horizontal movements and regressions. According to
McLaughlin, speed readers are able to fully camprehend material

because they can process different parts of a text in parallel

and can- perceive parts of different sentences in a single
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fixation. Both of these claims are highly questionable. The work
of McConkle and Rayner (1975; Rayner, 1975) has shown that the
visual system is relatively limited in the degree of resolution
of words seen in the periphery. Without the necessary eye
movements it seems impossidbie to clearly perceive widely
separated parts of a text simultaneously. It is also very
doubtful that a reader would be able to adequately xnﬁegrate into
a mwemory structure of a text information from a number of
different sentences at once, The cognitive proceasing resources
required for such a task probably would exceed the reader's
capacity (Kahneman, 1973; Norman & Bobrow, 1975).

A stringent test of the hypothesis that speed readers are
able to smoothly move their eyes down a page while comprehending
a text would consist of a camparison of eye movement data of
normal and speed readers. Taylor (1962) has provided just such a
camparison. He collected eye movewent protocols of speed reading
trainees while reading normally and while speed reading. He found
that eye movement patterns during speed reading resembled those
that occur dwing skimming or scanning and consisted of
arhythzic, small left to right saccades while geamerally moving
down the page. Similar patterns have been observed among subjects
who skim or scan a text (Hultgren, 1968; Spache, 1962; Spragins,
1974). when Taylor pressed his subjects to read at a greater rate
of speed with smooth, almost purely vertical eye movements,
comprehension suffered badly. Data such as these have led to the

conclusion that speed reading should be considered a form of
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skimming (Taylor, 1965). Taylor has argued that people can be
taught to sidm and scan at thousands of words per minute and that
the corresponding eye movements involve looking and reading, with
the reading phase similar to eye movements during normal reading .
Tioker (1962) has made the point that speed reading should be
considered a form of skimming because when one reads at rates
over 1000 wpm many words can't be seen and are, therefore,
skipped as in skimming. Schale (1965) and Carver (1971) have also
argued that speed reading should be considered a forw of siieeing
due to similarity of eye nov’menta and resulting patterns of
comprehension. Hansen's (1975) result on recall of texts in whioch
it was found that speed readers recalled more idea clusters than
norwal readers but recalled less about each idea is consistent
with the notion that speed reading results in comprehension of
something akin to the gist of a story. Often the goal in sidaming
is to obtain the gist of a story.

The similarity between sidmming and speed reading eye
movements and consequent patterna of comprehension suggests that
both methods of reading should be considered as part of a
repertoire of reading strategies avajlable to a sophistocated
reader. Rather than defining reading as an inflexible process in
which all aspects of texts are perceived and comprehended at a
unifora rate (Carter, 1977, 1977-78; Coke, 1978; G. R. Miller &
Coleman, 1972), reading should also be defined as including
processes of skimming, scanning, and slow study rates (Hoffwan,

1978). One's reading rate and strategy should be flexible enough
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to fit one's purpose (Gibson & Levin, 1975),

In a series of studies using payoff schemes to alter
readers' goals McConkie and his coworkers (McConlde & Meyer,
1974; McCookie & Rayner, 1974; McConlde, Rayner, & Wilson, 1973)
have shown that reading rate is sensitive to payoff contingencies
in which rate and cauprehension are related. Subjects increased
their reading rates Up to about 300 wpm and were able to retain
information relevant to their purpose in reading while retaining
less irrelevant information. Coke (1976) and Samuels and Dahl
(1975) nave shown that establishing different purposes in reading
ean affect reading processes and, consequently, reading rate. For
example, reading for general inforwation can be done nearly 200
wpm  faster than reading for details (Samuels & Danl, 1975).
Readers can adjust their reading rates as they become more
familfar with a task (Kershner, 1964) and also can adjust their
rates as different parts of the 3ane text become more or less
difficult  (Rankin, 1971). Flexidility i1s important in the
development of speeded reading as more success in increasing
reading rate is achieved by readers o have greater flexibility
(Thompson & Whitehill, 1970),

Part of the ability to develop flexible reading strategies
depends on being avle to rapidly cover a large body of material
for particular or gist information. These processes of siimaing
or speed reading are dependent on the reader's success in
suppressing subvocalization (Hardyck & Petrinovich, 1969; Moore,

1962; wheeler & Wheeler, 1962). on the other hand, reading
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difficult material often involves an increase in swvocalization,
as if this process were an additional resource for comprehension
(Hardyck & Petrinovich, 1969).

From a general point of view, it has been argued that
comprehension should be evaluated in 1ight of a reader's purpose
{Staufrer, 1962). Reading efficiency, defined as reading rate per
unit of comprehension, has been advocated as an alternative to
the usual measures which treat rate and canprehension as separate
quantities (L. Miller, 1973), While such a measure would
encourage flexibility due to inflation from posaibly fncredible
reading rates (despite low camprehension), it masks the basic
trade-off of speed and completeness of comprehension. It would
sees more suitable to speak in terms of reading rate and strategy
and quality or type of camprehension (detailed, gist, ete.). oOne
could then begin to Jjudge the adequacy of certain reading
strategies (e.g., speed reading, skimming) with regard to more
reasonable criteria of cauprehension. Through consideration of a
800d deal of research it has become clear that reading at
incredible rates is, in fact, highly credible if one defines
comprehension in the appropriate manner. Skimming and scanning
should be considered noc more effective reading strategies than
speed reading, as long as one realizes that effectiveness is
determined by the degree to which a reading strategy ia
Successful in providing the reader with the desired information,

The development of clearly defined 80alas in reading ia a

requirement of flexible reading (Steinacher, 1971), and 1t f{s
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these goals that specify the type of camprehension that should be
achieved. If a reader is interested in obtaining detailed
information from a text, then sidaming or speed reading will not
be useful unless done as part of a more complex reading strategy
that uses rapid reading as a prelude to careful reading (Pauk,
1964 ),

In conclusion, the evaluation of speed reading, skimaing,
reading improvement programs, and other reading strategies must
be done within the specific limits of the pattern of
comprehenaion that is sought by the reader. 1t is futile to
continually argue about the success of a reading strategy until a
criterion of compreheasion is clearly defined and agreed upon, It
is equally futile to argue about whether activities such as speed
reading and skimming should be called "reading" (Carver, 1971).
Given that these processes are forms of reading strategles, they
must be considered within the reala of reading and we must
broaden the definition of and scope of concern about reading
processes accordingly, The research desoribed below is part of a
program designed to extend the range of cognitive research on

reading to include issuves related to rapid reading strategies.

Rationale for Experiments

Ineoretical Isaues
The experiments to be reported in this thesis focus on a
nusber of issues relevant to cognitive psychology, artificfal

intelligence, and education. They are generally concerned with
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processes in skimming stories and the relationship of these
processes to reading at norwal rates. Included as a aajor
objective in studying skimming is the goal of investigating
conceptually driven processes. The specific approach to be taken
in accomplishing this objective is to consider the role of
knowledge structures in guiding conceptually driven processes.
These knowledge atructures can be thought of as frames (Charniak,
1975; Minsky, 1975) or achemata (Bobrow & Norwan, 1975). A number
of different schemata are required to successfully read even a
relatively simple story and to acquire the new kuowledge
contained therein (Rumelhart, 1977b; Thorndyke & Hayes-Roth,
1979). These schemata include inowledge of many aspects of the
world and the language.

Schank and  Abelson (1977) have implemented notions of

pr in  the development of natural
language processing programs. Not only do they suggest that
imowladge structures for common events (scripts) are required for
comprehension, but imowledge about Plans and goals of actors is
also required for wderstanding and inferences about events in a
story. Bower, Black, and Turner (1979) have obtained a number of
results that confirem the importance of the part played by seripts
in comprehending stories. Subjects exhibit confusion between
actions stated in a text and unstated acript default actions,
indicating that events expected on the basis of prior imowvledge

are 1likely to enter into the comprehension process. Seript

actions will be recalled in script order even if a scrambled
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presentation order 1s used. In support of ideas about predictive
reading processes, reading time of statements oceurring later in
a story (presumably after a script has been instantiated) is less
than for earlier statements. With respect to the importance of
actors' goals, Bower et al. have shown that goal-relevant script
deviations are better remembered than standard seript actions.
The schema or set of schemata that is of particular interest
in the research reported below is related to story structure,
Proceeding from Bartlett's (1932) work on story  structure
schemata a number of current researchers have conduc ted
experiments testing the influence of story atructure on recall
(C. Frederiksen, 1975a; Kintsch, 1974; Kintsch & van Dijk, 1975;
Mandier & Johuson, 1977; Meyer, 1975, 1977; Rumelhart, 1975;
Thorndyke, 1977). A general finding is that the importance of a
statement or proposition to the gist or theme of a text is
predictive of that statement's probability of being included in a
recall protocol or summary, with more important statements having
higher probabilities. Another experimental result is that if
paragraphs of a atory are presented in scrambled order {Kiatsch,
Mandel, & Komminsky, 1977) or if multiple episodes of a story are
interleaved (Mandler, 1978) subjects will pecall the story in
canonical form, reordering the paragraphs or separating episodes
to produce a reasonably coherent protocol which adheres to basio
principles of story structure, It is these principles that are
thought to be contained in story structure schemata (Anderson,

1977; Crothers, 1972; Rumelhart & Ortony, 1977).
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Knowledge about story structure can serve to guide the

reader's expectations about what kind of information is likely to

be provided at the next point in the story., Such imovledge can

also be used to ald fn comprehending a poorly (or highly

stylistically) structured story by suggesting possible structural

categories (e.g., setting, Plot event) for otherwise disconaected

pieces of information. Finally, story schemata can be used to

guide recall of a story and improve coherence of a recall

protocol , particularly in those instances where the story was

structured in some wiusual way (e.,

» scrambling paragraph order)
but the requisite story information is available from the memory

representation., In fact, recalling a poorly organized story may

help to chauge a muddled memory representation that is highly
susceptible to forgetting intoe 2 more coherent, stable

coamprehension structure, A process such as this may accownt for

the success of note taking and outlining procedures used in speed

reading courses: a rather piecemeal set of information can be

organized into a more coherent, though not completely accurate,
whole.

With regard to processes in skimming, the availability of a
schema for story structure could guide the information selection
and camprehension processes. By taking advantage of a story's
structure a reader can efficiently locate certain ikinda of

information. And by knowing what aspects of story structure are

most important, the reader can selectively elaborate reading and

inferential processes at appropriate points in the story so that
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the most important ang relevant information in the story will
earn an appropriate place in the resulting ®ewory representation,
In sikizaing there 4is not sufficient time for perceptual or
cognitive processes to operate as coapletely as they ordinarily
@ight, and so these processes Bust be made to work more
selectively. I clain that it is knowledge of story structure that
Plays a large role in this selectivity of processing  operations.
Therefore, a basic issuve to be pursued in the research discussed
in the following chapters i the use of atory structure schemata
in skimming,

Aaother issue of importance is the queation of the ldnd of
@emorial representation that is produced by sideming. while the
Pattern of mezory performance will be used to make inferences
about the operation of various processes, the nature of the
representation itself js of interest. oOne aspect of memory
representations of text that W1l be investigated is the extent
to which the representations include reliable inforwation about
the surface structure of the material that yas sidamed. The
degree of surface Bemory observed would have implications for how
Bemory of skimmed material s structured and also for how the
vaterial was processed. For exasple, 1if sidmming  fnvolves
perception of bits of {nformation ang higher order inference
processes to integrate them, as suggested earlier, one would
eXpect to observe rather poor surface me=ory. On the other hand,
1f subjects Predominantly restrict themselves to careful reading

of seleot sentences one 2ight expect to observe rather good
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BemOry for surface structure,

The 1ssue of surface Bemory is onme that has been of concern
to researchers in natural language processing for some time.
Sachs (1967) tested surface mewory ia what I will refer to as a
direct manner by presenting verbatim, paraphrase, and false test
sentences drawn from previously processed textual material and
requesting subjects to Juige whether or not the statements were
different from the statements that had actually cccurred 1in the
text. Subjects were far more likely to reject false statements
than they were to reject paraphrase statements, indicating that
memory for meaning was far superior to RMOTY  for surface
structure, Recent evidence has been obtained by a numver of
people that suggests that surface Rmemory may be more acourate and
durable than originally believed (see Hayes-Roth & Hayes-kotn,
1977). In an  experiment by Hayes-Roth and Hayes-Rotn (1977)
subjects studied sets of mconnected sentences and were tested
for recognition or those sentences when pressuted in originai or
synonymous form. Using what I will refer to 23 indirect veasures
of surface memory, it was found that surface WemOry was quite
reliable. The measures consisted of confidence in recognition
Judgments, which was higher for verbatie than for paraphrase test
statements, and of time required to verify test statements, which
was lower for verbatia atatements. Kintsoh and Bates (1977) foune
evidence for verbatim PEROTYy of lecture materfal even after two
days in an indirect test. Vervatim test stateaents were

recognized as being consistent with material presented in  the
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lecture more reliably than were paraphrase statements. when they
used a five-day delay interval and a direct test, Kintsch and
Bates fowmd that surface memory was reduced. Thus, it appears
that aspects of surface memory may be retained over some period
of time. In fact, using an indirect test Kolers (1976) has
demonstrated that subjects remember aspects of the typography of
text material even a year after the original reading. His test
involved measurement of the time required to reread passages
originally typed in normal or transformed typography.

In studies of surface zemory a distinction has arisen in
methods of testing surface memory. It is important to realize the
consequences of direct and indirect methods of testing. These
consequences have recently been elucidated in a study by Sala and
Masson (1978) in which subjects read sets of unrelated sentences
then were given a recognition test in which original sentences
were presented in verbatim or paraphra‘se form. If a subject
recogaized the meaning of a statemeat he or she was then asked to
indicate whether the wording was the same as the original
sentence's wording. The indirect test of surface memory consisted
of the difference in meaning recoguition of verbatim versus
paraphrase test statements. The degree of superiority of
recognition of the verbatim statements was maintained across test
delays of up to seven days and showed no sign of decreasing. The
direct test, in which subjects overtly indicated whether wording
had changed, showed that mezory performance approached chance by

the seventh day. The general lesson here is that very different
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results may be obtained depending on the ®=ethod used to test

surface mefiory. It appears that surface memory may be more stable

than originally supposed and can exert some influence on
processing operations such as recoguition of meaning and reading
time while explicit access to the surface information itself may
become less feasible over time. Thus, the extent to which surface
memory is accurate wmust be evaluated not just in terms of the
actual score on a test but also with respect to the method of
testing.

In  sidmming a story processing is not oaly constratned by
elements of time but also by limited resources and limited data
(ef. Norman &  Bobrow, 1975). With respect to resource
limitations, a reader who is sidaming a story {s faced with a
rapld flow of information that often is incoaplete with regard to
coherence. One plece of information may introduce an event's
setting and the next may suddenly describe that eveat's
conclusion, leaving the reader with an enormous !‘.nrereutnl
casputation. This computation requires cognitive resowrces that
draw upon prior imowledge about the topie in an attempt to
construct a reasonably likely chain of events making the obtained
information camprehensible. At the same time, more pieces of
information about other events may be made available and require
attention. To the extent that the reader is able to construct a
meaningful wmemory representation of a story, more resources will

be required as weamingfulness increases (Britton, Holdredge, &

weatbrook, 1979). All these demands on cognitive resources place
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a heavy burden on a reader while sideming and it is important to
deteraine how these resources are distributed among various of
the processing tasks.

Related to the concern about cognitive resources is the
issue of how perceptual processes operate in sidmming to provide
data for higher-order cognitive processes. A relevant hypothesis,
which is related to the research on speed reading .and reading
improvement (Hardyek & Petrinovich, 1969; Moore, 1962; Wheeler &
Wheeler, 1962), is that as reading rate increases the reader may
no longer be able to rely on phonological decoding processes as
these appear to demand time and cognitive resources (Kleiman,
1975; Levy, 1977), neither of which are abundant during sidaming.
A more efficient strategy would be to use whole word visual
identification (Baron, 1977) which involves rapid identification
of words based on their visual characteristics rather than
phonological decoding of syllables. In fact, fast readers can be
distinguished from slow readers on the .pasls of their speed of
accessing overlearned memory codes for v¥isually presented letters
(Jackson & McClelland, 1975). Thus, when sidmming the reader may
be provided with products of data driven processes that are not
based on phonological decoding, but a primarily visually accessed
code. Some of the consequences of this situation may be very
subtle but a more obvious one would be reduced demanda on
cognitive processing resouces, It seems reasonable to assume,
contrary to Bobrow and Norman {1975), that wunder some

circumstances data driven processes require some conscious

or

w
B

attention (Masson & Sala, 1978) and that reduction in the amoun
of attention or resources required at the data drives processing
level would make available more resources at the conceptually
driven processing level. More resource-efficient data drivea
processing probably 1is a prerequisite for effective sidoming .
with a decrease in phonological decoding the reader can rely on
more rapid visual perception of fragments of information and can
adjust more readily to a rapidly forming comprehension structure.

The results of the research reported here will have
implications for text processing models, and there are two such
models that will be considered with respect to this research. One
of the models is an artificial intelligence program called FRUMP
(Fast Reading Understanding and Memory Program) developed by
DeJong (1979). FRUMP was designed specifically to sikim certain
types of newspaper stories for important information, The program
processes stories rapidly and vill output a sumsary containing
the critical information. There are two issues relevant to the
operation of the program and to how people skim: how important
information is defined as important and how 1t is selected. FRUMP
uses gketchy sgripta which are specially condensed scripts
(Schank & Ableson, 1977). The sketchy script cootains requests
for various types of information and 1t is this information that

is defined as Ppo. nt. The inforwat4 can be

provided by the active part of the program which parses the
story. Only statements or conceptualizations (Schank & Abelson,

1977, Chapter 1) relevant to an activated sketchy seript will be
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fully processed and incorporated into wmemory for later
swmgarization. Conceptualizations not directly relevant to the
requests of a sketchy seript will ve parsed only as far as is
necessary to determine that they will not satisfy any requests.
Mot all sketchy scripts in FRUMP'S memory are active at once and
an important aspect of the program is how relevant sketchy
scripts are selected for processing a story. There are three ways
in which a sketchy seript may be instantiated, depending on how
the script is referenced in the article and on any possible
information currently being processed, A script may be activated
by explicit reference to the seript, by an inference implying
that the defining action of a seript has occurred, or by explicit
reference to an action that 1is part of the seript's set of
requeats. Once a sketchy script has been activated, the program
seeks infermation to fill the seript's requests, In this way
FRUMP operates in a conceptually driven manner, expecting
particular kinds of inforwation relevant to the instantiated

sketchy script and readily i porating that i on into

aemory.

At a geaeral level, the FRUMP program as a model of skimning
implies that aspects of the text that are relevant to the goal of
reading the text (as defined by sketchy seript requests) are far
more likely to be incorporated into memory than are statements
not related to the goal. As sidmming rate inereases, FRUMP's
parser 1s used less frequently and important conceptualizations

2ay be wmissed or incampletely processed. e implication for

human readers is that higher skimming rates should

result in

virtually exclusive selection of relevant conceptualizations as
well as occasional amission of some relevant conceptualizations.
Omission of important Statements from text processing should
increase with sidmming rate.

A second model of text processing that is relevant to the
Tesearch described in the following chapters concerns the
extraction of macropropositions and wicropropositions from
stories (Kintsech & van Dijk, 1978). The model consists of a
eyclic processing of text constrained by limitations of working
mewory. Macro-operators infer and extract froe the text
macropropositions that  together represent the gist op
macrostructure of the story which couforms to story structure.
These macropropositions are defined by the reader's goals. Recall
primarily involves retrieval of macropropositions from memory, as
well as construction of relevant inferences. In the case where
one is reading for the gist of a text, oue is more likely to
extract and infer macropropoaitions than micropropositions as the
latter contain details not essential to -coamprehension of the
story's gist. The model 1s particularly concerned with
establishing referential coherence in - the comprehension
structure. Thus, as the model cycles through the text, a number
of propositions are entered into the processing at each cycle, As
4 new cycle begina some number of propositions are held over froam

the last cycle in order to make .a referential counection with

some argument(s) of the newly processed propoaitions. If no such
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connection can be made more camplex processes such as inference
and reinstatement of earlier propositions must be called into
play. Consequently, a poorly connected text will be difficult to
process.

When a reader akims a text it is likely that the distinction
between macropropositions and micropropositions will become more
prominent, with macropropositions being wore fully processed both
in terms of information provided by data driven processes and at
the level of verification or rejection of conceptually driven
conjectures about what the text says. On the other hand, it is
also possible that sidmming does not allow one to fully exploit
the distinction between macropropositions and micropropositions.
That is, the ability to develop an accurate representation of a
text's gist or macrostructure ®may deteriorate to a state in which
one has only a mixed collection of very important statements and
trivial details. Another interesting issue is whether the cyelic
processing of text proposed in the model 1is majntained when
skimeing or if some other processing strategy for construction of
a coherent representation is used.

The experiments reported below were designed to deal with
the general fssue of how people asidm stories and with the
theoretical expectations based on interpretations of DeJong's
(1979} FRUMP program and Kintach and van Dijk's (1978) text
processing wmodel. I should emphasize, however, that the
experiments are not meant to be direct tests of either of these

theoretical forwulations. PRUMP and the macrostructure model were

Li)
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discussed here in order to provide an indicatiom of Mow skimeing
processes might be formalized in processing models. FBNP was not
meant to be a psychological model; it is am artifieial
intelligence program. People @may skim stories in ways totally
unrelated to FRUMP's behavior, or there may be striking
sieilarities between human processing and FRUMP's operation. The
extent of these similarities and differences will determime
FRUMP's potential for being a psychological medel. Sisilariy,
Kiatsch and van Dijk's model was not devised as a deseription of
skimming processes, but the wmodel does have potential
ramifications for ideas about what kinds of conprehension
processes amight be involved when a reader skims. In fact, the
model may be 50 general as to be made to siwwlate skisming
behavior simply by wmaking appropriate adjustments im its
parameters. If not; it may be feasidble to suggest changes ia the
model that would result in a related processing sodel more
specifically designed to deal with siimming processes.
Experigental Methodology

The prisary questions addressed in this research are
concerned with how a text is processed whem it is skismwed and

with the characteristics of the resulting memory represemtatios.

Processing details and memory repi 4 can be by
tests of what subjects remember about a text: the
characteristics of what is remembered have implicatioms doth for
what 13 in memory and for how that information was processed. The

use of wmemory performance as an indicator of cosprebensioa
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processes aust include an acknowl

that compi o

processes have been tapped only indirectly, Ortony (1978) has

argued that separate theories of comprenension and semory should
be developed, and has pointed out that not everything that is

understood is remembered and that not everything that 4s

remembered is understood. I would argue, however, -that while

investigations of camprehension processes by direct means (e.g.

Shebilake et al., 1977) is highly desirable, development of

comprehension theories probably will not be completely successful
without consideration of realistic and compatible wmemory
theories. As was discussed earlier, processes that interact in

fundamental ways with other processes, as comprehension and

zemory clearly do (Rumelhart, 1977b; Rumelhart & Ortouy, 1977},
must be imderstood in the context of those processes with shich
they interact. Study of a process occurring in isolation may lead
to conclusions that badly misrepresent the true state of affairs.
In the case of memory and camprehension, while it ®ay be that not

all that is remembered s understood, it is apparent that memory
and

pr are int t (Bransford & McCarrell,

1974) .

Observations aboyt aspects of memory representations, then,

do  have promise for contriduting to the wderstanding of

comprehension processes. An example of this contribution that s

used in the studies reported later in this thesis involves

testing memory for surface forw. It was suggested that siimming

may 1involve a process of obtaining partial inforwation from

sentences and then drawing inferences to relate those pieces of

knowledge into a coherent structure. To the extent that

P on during relies on inferential processes,
little processing of surface structure is likely. A consequence
for aemory of a text is that little Imowledge about surface
structure will be represented. Surface memory, then, was tested
in a number of experiments in a direct manner by asikdng subjecta
to Jjudge whether test statements drawn from texts that they had
read were worded in the same way as wheu they had occurred in the

surement Of the

texts. A direct test of surface memory allows
extent to which subjects can comsciously access their knowledge
of surface structure. If subjects primarily process surface
structure witbout couscious attention it is probable that they
will remember very little of the surface features of a text
(Kolers, 1975a; Masson & Sala, 1978; Schueider & Shiffrin, 197T;
Shiffrin & Schneider, 1977). But if ‘attention is devoted to the
procesaaing of surface structure when reading normally or
sidmming, subjects should display some ability to detect changes
in surface form of test statements.

A wmemory for meaning test was also used in the experiments
described in the following chapters. In the first two studies a
recognition test was used to provide a sensitive test of

information available from noreally reading and askimming stories,

One of the most impo t issues ed in designing the
meaning test items was the use of story structure schemata in

reading. Test statesents were derived that represented different
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levels of importance with respect to a story's macrostructure.
Importance ratings were used as a basis of detersining which
statements contained propositions that would correspond to
macropropositions and which statements contained inforeation
corresponding to micropropositions. Johmson (1970) and Caccamise
and Kintsch (1978) have shown that statements rated as more
important to a text's giat are more 1ikely to be recalled and
recognized. Test statements that were rated as important ia the
experiments reported here will be called macroatatements and
unimportant atatements will be called microstatesents so that the
correspondence with wmodels of story macrostructure (Kintsch,
1977; Kkintsch & van Dijk, 1978; vam Dijk, 1977) will be
preserved. Other test statements were inferences that could be
made on the basis of information provided in the text. Inferences
were chosen to be of high importance in order to increase the
1ikelihood that subjects would have made the inferences during
reading (Goetz, 1977). Inferences that are too easily predicted
by explicit information are likely to be processed asuperficially
and represented in memory in an mstable fashion (Spiro &
Esposito, 1977), so the selected inferences also reguired the
availability of a number of pleces of {nformation and cognitive
effort in connecting those pleces into a coherent knowledge
structure. The ability to recognize such inferences would
indicate that during reading (norwal or sidsaing) subjects were
able to comprehend and possibly combine the inforwation necessary

to form fmportant conclusions. To the extent that subjects are

7

able to recognize macrostatements and inferences more often than
microstatements, evidence for the role of story structure
schemata or sacrostructures will be obtained. For example, 1ir
subjects are wable to make good use of story structure in
skimming and do not selectively process macrostatements nor make
important inferences, then recognition performance on the
different types of statements should not differ.

Stories of two different types were included in the first
two experiments 1in order to observe effects of skimming on the
operation of two kinds of story schemata. Gne set of stories s
composed of narratives, a coumonly used type of text in cogmitive
research. The other type was newspaper stories. This type was
selected 0 as to provide a comparison of obtained data with
FRUMP and because newspaper stories have a rather differemt
structure from narratives. In newspaper stories the importaat
inforsation ordinarily occurs early in the story and this may
affect the strategy or effectiveness of siimming. Narratives say
place important information at any point in the story, although
inforwation given early is important in establishing the basic
nature of the narrative. Moreover, newspaper stories amd
Darratives contain different kinds of information with narratives
emphasizing any number of themes such as character development,
while newspaper stories concentrate on presentation of newsworthy
inforwation. Readers are usually familiar with newspaper story
structure and are likely to recall important more  tham

uiisportant information in a newspaper story (Thorndyke, 1979} .
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In the third experiment a recognition test was used to
investigate sidmming processes that occur when subjects are
instructed to read for information relevant to a specified goal.
Rather than reading to obtain the gist of a story, subjects were
requested to read from a particular perspective. The degree to
which relevant and irrelevant information is recognized provides
an  index of how selectively subjects are able to process a text
on the basis of the assigned perspective.

A variable included in the second and third experiments was
the way 1in which stories were typed. Normal typography was used
for half the subjects and an alternating case typography sas used
for the remaining supjects, It was hypotheaized that reading
alternating case would be difficult if whole word visual
ideatification processes were in effect, due to the wnusual
nature of each word's appearance (Baron, 1977). Thus, if skisming
involves the use of whole word visual identification more so than
does normal reading, then one would expect to see a greater
detrimental effect of alternating case for subjects who skim than
for those reading at a normal rate.

The final experiment in this report involved collection of
recall protocols from subjects who read stories at different
rates of speed. These protocols were simulated using a version of
Kintsch and van Dijk's (1978) text cosprehension and production
model that has been developed by J. Miller and Kintach (1979).

Success in adequately simulating recall protocols taken from

subjects who skimmed the stories would support the general

validity of the model and would
processing that are cammon to
reading. The parameter values

aimulations would also provide

9

point out those aspects of
normal and skimwing rates of
associated with  successful

useful information about how

Teading processes change as reading woves from normal rates of

speed to sidsming.




CHAPTER II
EXPERIMENT 1

The wajor purpose of Experiment 1 was to establish the
validity of methods of studying sikimming behavior. In this first
experiment a naturalistic setting for skimming stories was sought
80 that test performance could be compared to pérformance in
experiments that included @ore stringent experimental control
duwring reading. In particular, subjects were provided with
stories to read and were Tequested to read either at the rate
they would norwally use for full comprehension or at a rate that
they would use to skim a story for important inforwation. Two
drawbacks to this method are that different subjects can, and no
doubt will, read at widely different rates when reading for any
particular purpose (e.g., full comprebension), and that in order
to keep track of these differences and to be sure that subjects
who are asked to skim do, in fact, read faster than those asiked
to read for full comprehension it is neces;ary to obtain reading
time measures for each subject. In Experiment 1 reading times
were collected by having subjects start and stop a stopwateh at
points coinciding with the beginning and completion of reading a
story. In this say each aubject's reading time for each story
could be measured and a subject would be allowed to read in a
@anner and at a rate to which he or she was accustomed. Two

practice stories were read before the stories that were to be

tested 30 that subjects could adjust to the requirements of the

25

51

reading and timing tasks. The use of the stopwatch might have led
to some distraction on the subject's part and in order to
determine subjecta' attitudes toward the experimental situation,
including use of the stopwatch, a questionnaire was administered
at the end of the session which inquired aas to subjecta’
reactions to the experimental setting. The questionnaire also
requested information about subjects’ sidmeming behavior outside
the laboratory with the expectation that such inforwation could
be informative with respect to usual sikimming habits and the
degree to which the sample population of subjects uses skimming
as a reading techanique.

Another aspect of the experigzental methodology that
Experiment 1 was meant to validate was the recognition testing
procedure. Before moving oan to more complex experimental designs
it was important to establish that the recognition tests of
meaning and surface structure Eemory were senaitive measurement
devices. It was also highly desirable to demonstrate that the
various types of test statements (inference, macrostatesent, and
microstatement) aid, im fact, reflect different levels of
macrostructure information (Kintsch & van Dijk, 1978). Moreover,
Experiment 1 was intended to establish a basic pattern of test
performance against which perforwance in more highly controlled
experiments could be compared.

The reeosni'uon test consisted of two parts, the first of
which tested surrface wemory and the second tested @emory for

meaning. The surface structure test included only statements that
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had  appeared in the stories and their paraphrase versions and
subjects were required to indicate whether a test statesent's
wording was the same as that used in the story. The first and
last critical stories read by subjects were tested, with the last
story tested first, so that the effects of a delay interval on
surface memory could be assessed. The meaning test included all
three statement types drawn from the stories not tested in  the
surface test. In both tests, added sensitivity was obtained by
Beasuring the time taken to respond to each test statement.

A critical experimental outcome that would have implications
for the process and effectiveness of skimming is the nature of
the interaction between rate and statement type in the meaning
test. Previous research (Caccamise & Kintsch, 1978; Johnson,
1970; Kintsch & Keenan, 1973; Mckoon, 1977) suggests that the
more important test statements (inferesces and macrostatements)
should e recognized more often than the wiimportant ones
(microstatements) . Differential recognition wuld fmply that a
atory has been processed with respect to a story structure schema
and that a ®acrostructure (Kintsch & van Dijk, 1978) has been
formed and represented in memory. A key question ia whether or
not the processes involved 1in forming a structured semory
representation of a story are Operative during skisming, and, {f
80, to what extent their ©Operations are similar to those used in
hormal reading, Asswmming that differential recognition of
statements due to differing degrees of isportance is observed

among subjects reading at normal rates, indicating that a story

structure achema has guided reading, there are three possible
effects that could be observed among subjects w0 skis storfes.
Pirst, if the processes reaponsible for forming a macrostructure
do not operate effectively during skiaming, then no effect of
statement types would be observed in the Tecognition of meaning
test. Suvjects would be equally likely to recognize inferences
and macro- and microstatements, 4 second possibility is that
reading processes operate in skimming similar to the way they do
in norsal reading, and that one should observe better recognition
Of important statements than of unimportant ones, although
overall recognition perforwance may decline (i.e., no statistical
interaction between rate and statement type. That is, enough of
the essence or ®acro-operations is preserved 80 that ismportant
inforwation is selectively processed but sampling of information
from the text 1is generally reduced, Finally, when skisming the
process of uxtr-ctim important information ®may be emphasized to

such a degree as to cause suwjects to form a ®acrostructure that

contains an wusual proportion of relative to

detail inf « The result on the recognition
of meaning test would be an  increased difference betwes
important and nimportant statements relative to the difference
observed among subjects reading at their noreal rates. Teis is
the type of interaction that McConkie et al. (1973) found among
aubjects reading up to 300 wpm. It is not certain that such an

effect would occur when faster rates such as skimming are used,

although a common impression of the purpose of siieming 1s that
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skimming is used to derive the important inforwation froa a story
and  sidp over wnimportant details. If this selective processing
strategy 1s reasible and highly accurate ig its selection
decisions, them an interaction between rate and statement type
shoula occur in which the importance effect is greater for those
subjects who sidm than for those who read at normal rates.

A result related to the importance effect is recognition of
(important) inferences relative to macrostatesents. while both

are important to a atory's macrostructure, only the

macrostatements are explicitly stated in a single location in the
story. Nevertheless, there is abundant evidence arguing in Cfavor

of  the belief that readers do not process only explicit ;

inforsation dbut also draw and represent 1in femory relevant
inferences based on explicitly presented information and general
knowledge (C. Frederiksen, 1975b; Kintseh 1978; Reder, 1979;
Thorndyke, 1976). For example, McKoon and Keeman (reported in
Kintsch, 1974, Chapter 8) found that time required to verify
inferential statements was not reliably greater than verification
time for explicitly presented statewents once the effectiveness
of surface structure information in aiding verification declined.
Not only are inferences represented in text memory, they are
apparently  integrated with explicitly presented information
{Bransford & Franks, 197t; Moeser, 1976, 1577) and can be used to
2id in the verification (Reder, 1979) or recall {Masson, 1979) of

=xplicitly presented inforwation. If an inference is an important

ispect of a story's @macrostructure it shoule be facluded in that
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macrostructure representation and recognized just as well as
sacrostatements. In order to verify an inference, however, a
subject must have processed the relevant pieces of inforwation
(and possibly have already drawn the inference) as part of the
®macrostructure while reading (Hayes-Roth & wWalker, 1979; Reder,
1979). The process of sideming must allow the reader to
efficiently select and organize sometimes physically separated
but semantically related information to form an  important
conclusion. To the extent that such processing is practicable,
recognition of inferences should be about as reliable as
recognition of macrostatements and should be almost as rapid if
subjects have formed adequate configurations of the wmderlying
facts of an inference (Hayes-Roth & Walker, 1979).

when skimming, the processing of surface structure 1s
hypothesized to play a different role than when reading morwally.
Subjects are less likely to fully process a sentence's coaplete
surface represeatation when skdeming. It is lor‘e likely that
subjects will select certain relevant aspects of a sentence for
further semantic processing with 1little attention paid to the
surface features of even the selected portiona of a sentence.
Less processing of surface information is expected on the baais
of highly active conceptually driven processes which can make
accurate predictions at least at general levels. Complete
checking of the swrface details is not necessary, aor is it
feasidble, when skimming . Decreased processing of asurface

structure is expected to produce a general decline in recognition
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of surface information. Whereas subjects reading at norwal rates
®ay resember more about the surface structure of more important
statements, a much veaker effect, if any, would be expected for
subjects who skimmed the stories.

Two types of stories were used in an attempt to obtain more
generalizable results and to determine which aspects of
comprehension and/or memory representation are susceptible to
effects of processing in the context of different astory structure
schemata. Narrative and newspaper stories were chosen as two
distinctly different and familiar styles. In his recent work,
Thorndyke (1979) has suggested that different story schemata may
exist for different types of stories. If this is s0, it is
especially important to discover those aspects of normal reading

: and sikimming processes that are generalizable across different

kinds of stories.

Subjects

Subjects in the experiment were 72 students at the
University of Colorado participating in partial fulfillment of an
introductory paychology course requiresent. Thirty-aix subjects
were assigned to each of the two reading rate conditions
according to their order of appearance at the laboratory.
Haterials

A 500-word narrative story was selected for use in obtaining

a preliminary reading rate score for each of the subjects. Four
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otber report style narratives of about 1000 words each amd Tow
mewspaper stories, each of about 400 words in lemgts, were
selected for use in the experiment proper. Three stories of each
type were used as critical stories and a set of test statesezts
was developed for each critical story. A set of test statements
uas developed by selecting from a story, statesents (whole or
partial sentences) that intuitively appeared to vary ix Shedr
degree of importance for the general meaning of the story. Some
statements were meant to be important and others wisportast. 2
third type of statement was developed by drawing reasosabie amd
apparently important inferences from specific points in the story
and writing these inferences in proper English. Six to hgnt
stateseats of each type were developed for each story.

Intuitions about the relative degree of importance of tae
selected statements were evaluated by having a separate grouwp of
subjects from the introductory psychology subject poal Erovide
importance ratings. Twenty-seven subjects read each eritScal

parrative and then evaluated each in its

set of selected statements for importance to the general meaming
of the story. A six-point rating scale was used where a rating of
one meant a statement was wiimportant and a rating of six weat a
statemest was very important. Similarly, a set of 26 new sabjects
read each newspaper story and evaluated the correspon ing
selected statements.

Based on the mean importance rating for each statemest 2z a

set of selected statements, a set of test statements was ==cmer.
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The three most highly rated statements that explicitly appeared
in the story were chosen as true macrostatements for the test
set. The three explicit statements receiving the lowest ratings
were chosen as true microstatesents. The three most highly rated
inferences were included in the test set as true inferences.
Selections sometimes were not solely determined by ratings but
also by degree of similarity between statements. For example, if
two highly rated statements represented very sisilar information,
only one was selected for the set of true statements.

From the remaining statements, the three explicit statements
with the highest ratings were selected for the false
macrostatement test set. The three explicit statements with the
lowest ratings were chosen for the false microstatement test set,
and the three most highly rated inferences were selected for the
false inference test set. Each of the six explicit statements
selected for the false test set was rewritten in two new
versions. One version was a paraphrase of the original statement
that altered the lexical and syntactic structure of the original
Statement. Statements with this version were used in the surface
memory test. The second version was syntactically similar to the
original statement but was altered in sowe way so as to make the
new statement semantically false with respect to the original
statement. Statements with this version wvere used in the memory
for meaning test. Each of the three infereaces selected for the
false test set was rewritten in a new version that semantically

differed from the original inference and implied something that
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would be incorrect with respect to what had been stater 4o or
could be inferred from the story. These inference verstams were
used in the memory for meaning test.

Thus, 24 test sentences were developed for emcth rritircal
story. Three macrostatements, three nmicrostatements, aut three

inferences formed the true set. Three statements of earh type

used as false statements in the meaning test mmr <three
statements of each explicit type were used as parapirases in the
surface test. An example of a narrative story amt The
corresponding set of test sentences and an example of 2 nemspaper
BC‘DY‘] and its test statements are presented in Appenwrix 4. The
mean importance rating and mean number of words for earft Swpe of

test staterent are shown in Table I. Note that inferwnres are

almost as highly rated as mac and that test
statements are generally shorter than the narrative test
statements. Importance ratings for the two kimds @f Zalse
statesments (new meaning and paraphrase) are the sme simre the
ratings are based on the original explicit version. Ba pmrapnrase
versions of inferences were developed as inferemres amre not
included in the surface test.

The six critical and two practice stories were typmtt xingle
spaced, right and left justified, on separate pages amt ‘“waten by
appropriate titles. The stories were arranged in booklets s thet
the two practice stories occurred first and the critirel wtories
next. For three of the booklets the practice narrative T urTed

first, followed by the practice newspaper story, =me tnree




TABLE I

MEAN RATED IMPORTANCE CF AND NUMBER OF WORDS IN
TEST STATEMENTS USED IN EXPERIMENTS 1 AND 2

Story Test Version

Importance Ratings Number of words
Statement Type?

Inf. Mac. Mic. Inf. Mac. Mic.

Narrative 0ld/Verbatia
Narrative MNew
Narrative Paraphrase
Newspaper 0ld/Verbatim
Newspaper New
Newspaper Paraphrase

4.69 4.81 3.05 16.8 15.9 15.4
4,00 4.26 3.46 15.6 18.0 16.0
-~ 8.26 3.46 -~ 16.4 16.9
4.87 4,97 2.68 12.2 13.0 13.2
11 &2t 321 4.0 13.6 1k.3
- .21 3.1 -- 13.4 14,8

Iaf. = Inference; Mac. =

Macrostatement; Mic. = Microstatement
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critical narratives, then the three critical newspaper stories.
Each of these three booklets represented one ordering of the
eritical stories determined by a 3 I 3 Latin square yoked
counterbalancing of the critical narratives and newspaper
stories. The other three booklets were similarly arranged except
that the narratives and newspaper stories switched positions so
that the newspaper atories occurred firat, & blank sheet of
colored paper was inserted before each story.
Realgn

For the meaning test a 2 X 2 X 3 mired factorial design was
used. Heading rate (normal and skimming) was a between-subject
variable, while story type (narrative ana newspaper) and
statement type (inference, macrostatement, and microstatesent)
were within-subject variables. For the surface test a 2 X 2x2
@ixed factorial design was used. 411 three variables were the
same as in the meaning test except that the statement type
variable included only two levels (macrostatement and
microstatement) .,
Erocedure

Subjects participated in small groups ranging in size. from
one to six. As each subject entered the laboratory be or she was
instructed to read the 500-word practice narrative story at the
rate he or she would use 1in reading for full compredension,
Subjects were provided a copy of the story and a stopwatch. They

were instructed to start the watch when they began reading and to

stop the watch when they finished reading. The reading time for
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each subject was recorded by the experimenter who then reset the
stopwatch for each subject and collected the stories. Ouce all
subjects in the group had finished the preliminary reading task,
each subject was given a booklet containing instructions and a
set of practice and critical stories. For subjects in the normal
reading rate condition the experimenter instructed subjects to
read at their individual normal rates of speed and to try to
camprehend the meaning of the stories. Subjects were asked to try
to maintain a constant reading rate. Subjects in the siimming
condition were similarly instructed and were asked to use a
sideming rate that they might ordinarily use on their own and to
try to extract the important information from each story. The
experizenter then had the subjects read the instructions on the
cover of the story booklet. These instructions explained that the
subject would be asked to read a set of stories at the specified
rate of speed and would then be tested on the material contained
in the stories. Reading for meaning rather than memorization of
zaterial was stressed. The instructions also described the types
of stories contained in the bpooklet and explained that the
experimenter would record the time taken to read each story as
was done for the preliminary story.

After reading the instructions in the booklet and having any
questions answered, subjects went on to read the stories,
starting and stopping a stopwatch in accordance with the onset
ind campletion of the reading of each story. After reading each

story the supbject turned to the next blank page. The experimenter
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recorded the reading time for each subject and story, reset the
watch, and the subject proceeded to the next story.

Once all subjects campleted reading the whole set of
stories, they were told that they would next be given a short
test on their inowledge of the stories they had read. Each
subject was asslgned to a CRT terminal in a roca adjoining the
main laboratory room. There were two terminals facing opposite
walls in each room. The instructions for the test and the test
items were presented and the subjects' responses and reaction
times were recorded using the DTES system developed by the CLIPR
laboratory at the University of Colorado (Spear, Overgard, &
Christian, 1975). The subject began the test by viewing the first
part of the instructions on the terminal, then advanced through
the instructions by pressing a button on a button box located in
front of the terminal. The first part of the test involved a test

of surface memory. The instructions on the screen informed the

- subject that the first part of the test would be concerned with

how well he or she remembered how statements from the stories
were worded. The subject was told that some statements would be
presented in their original verions, while others would be worded
differently. It was also explained that for some statements
pronouns would be replaced by the original proper nouns 30 that
the subject would have a better idea of what the statement was
about, out that if this was the only change the statement should
be considered as being presented in its original form. The

subject was instructed to keep his or her left index finger on
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the button marked "SAME," which was to the left of center on the
button box, and his or her right index finger on the button
warked "DIFF* for "different,* which was to the right of center,
If a test statement was worded in what the subject thought was
the original version, the subject was told to respond by pressing
the button marked "SAME." 1If a test statement appeared to be
worded differently, the subject was to press the button marked
"DIFF.” The instructions requested the suwject to respond to each
ites as rapidly as possible but cautioned that it was very
important to be reasonadly sure of the correctness of a response
before wmaking it. The subject also was told that the test would
have two sections, one devoted to statements from each of two
different stories.

Each set of test statements was preceded by a display that
presented the title of the appropriate story. when the subject
was ready to proceed he or she initiated the test by a button
press. The test statements appeared individually in randoa order
and remained on the screen wntil the subject responded, The
3creen was blank for about 1 sec between each test statement. The
first story tested was the story that appeared in the last
position 1in the story tooklet, and the secora story tested was
the first critical story read by the subject. Over the course of
the experiment each of tre six orderings of stories was read by a
different set of six subjects in each of the reading rate
conditions. Thus, each sunject was given the surface memory test

on one narrative and on oue newspaper story. Also, for half of

5

the subjects the narrative story was tested relatively soon after
reading, while the aewspaper story was tested after 2 mmber of
intervening atories had been read. The reverse was true for the
other half of the subjects. The ordering of stories im the
booklets also meant that the specific stories tested for surface
memory were counterbalanced across subjects,

After the subject finfshed the surface memory test,
instructions for the meaning test appeared on the sereen. The
iostructions indicated that the next part of the test phase would
be concerned with how well the subject could remember the ®eaning
of the stories that were read. The subject was told that some of
the statements would represent information contained in or that
could be inferred fros a critical story, while other statesents
would cootain inforwation that would not be consistent with what
vas said in a story. The swject was to respond to the forwer
type of statement by pressing the button marked "SAME® and to the
latter by pressing the button marked “DIFF." Instructions about
speed, accuracy, and placement of fingers were the same as those
given for the surface test. The subject was also told that twe
test would contain four sections, one for each of four aifferent
stories, with the title of the appropriate story appearing before
each set of test statements, The procedure then followed the same

S a3 those described for the surface test. The ur stories
tested were the second, third, fourth, ana rifin aritical

stories, none of which were Tepresented in the surface test for

that subject, The four stories were tested in the order ir which




66

they had been read. Thus, each subject was tested for mexory of
meaning on two stories of each type (narrative and newspaper),
When the subject finished the meaning test a omessage
appeared on the screen requesting him or her to return to the
main laboratory room. The subject then rilled out a guestionnaire
concerning sidmming habits outside the laboratory, a cowparison
of wusual reading speeds and those used in the laboratory, an
estimate of how successful the subject was fin extracting
important information from the eritical stories, and history of

possible training in speed reading .
Results and Discussion

In all experiments to be reported, a statistical
significance level of .05 has been adopted. Except uhere noted,
all significant effects are reliable at least at that level.
Reading Time

In order to demonstrate that subjects in the sidmming
condition were, in fact, reading the critical stories at a faster
rate than subjects in the norwal reading rate condition, an
analysis of variance of reading times was calculated. Each
subject's mean reading time for each story type was entered into
the analysis. The reading rate for u;rrauves and newspaper
stories did not differ (E < 1), while there was a reliable effect
of reading rate condition with subjects in the sidaming conaition

reading faster (382 wpm) than subjects in the normal condition

(232 wpa), F (1, 70) = 67.62, M|, o= 11932,
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It is clear that instructing some subjects to sidm resulted
in faster reading rates than that exhibited by subjects
instructed to read at a morwal rate of speed. These mean reading
speeds shoula be interpreted cautiously, however. A good deal of
variability in reading speed was observed as the skdmming rate
for one subject might bave been slower than the normal rate for
another. What is isportant 1s how a subject's reading rate in the
experinent (normal or skimming) compares to what the subject does
when reading on his or her own. The questionnaire administered to
each subject at the end of the experimental session was designed
to deal with this and other issues.

Suestionnaire

The Queauon'naj.re that each subject filled out at the end of
his or her session addressed two basic issues. The first Lasuve
was concerned with subjects' skimming behavior outside the
laboratory and the second was concerned with subjects' reading
performance in the experiment. With respect to skimming outside
the laboratory, subjects were firat asked to estimate the
percentage of their total reading time that is taken up by
skimaing. The mean estimate for time spent sidmming was 325, with
2 range of 0-903. Next, the subjects were asked to indicate what
type of material they skim on thelr own. The most comsonly
®entioned materials were newspapers and wagazines, and 443 of the
subjects claimed that they skimmed at least one of these two
kinds of material. Interestingly, 12§ of the subjects stated that

they sidmmed some parts of their college work wmaterials {notes,
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texts, etc.). Cther wmaterials wentioned idiosyncratically
included lists, numbers, familiar wmaterial, and caterial read for
personal enjoyment.

To obtain an estimate of how successful subjects believe
they are when they skim material on their own, they were asked if
they felt that they are generally able to extract the important
information in a story when they skim. Replies were interpreted
om a four-point scale where a rating of zero meant that the
subject felt that he or she was not able to select important
information while sidmaing, and a rating of three meant that the
subject felt that he or she was quite successful. A mean rating
of 1.96 was observed for the subjects in Experiment 1, indicating
a relatively high degree of confidence.

Subjects also were asked if they had had any traiaing in
speed reading and 15% of them indicated that they had received
some form of training. The nature of this training ranged from
high achool courses in reading improvement to current commercial
speed reading programs. The subjects who had received training
displayed a greater degree of confidesce in their skimming
abilities as their mean evaluation rating was 2.36 compared to
the overall mean of only 1.96 for all subjects in Experiment 1.

With respect to the experiment and the reading rate that the
subject was instructed to use, each subject was asked 1if he or
she was able to read the experimental materials as he or she
ordinarily would read suwch stories outside the laboratory. Ffor

sSubjects in the normal reading rate condition, 61% indicated that
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they were able to read as they aormally would, 283 indicated that
they read at least slightly faster than they ordinarily would,
and 11§ claimed that conditions forced them to read at a somewhat
slower pace than normal. For subjects in the sidmesing condition,
423 stated that they were able to skim as they would on their
own, 47 indicated that they read faster than they ordinarily
would skim, and 11% stated that they read at a rate below their
usumal sideming rate. Subjects in the sideming comdition also were
asked if they felt that they were able to extract the important
inforsation from the stories read in the experiment. kesponses
were interpreted using the same scale as that used for the
question about success in extracting important inforwation when
sideming outside the laboratory. The mean rating assigned to
these responses was 2. 14,

In general, the questionnaire revealed that subjects spend a
significant portion (almost ome third) of the time they devote to
reading on siimming through material. Skimmed material ordinarily
consists of newspapers, magazines, and otber inforwation for
which an individual is not formally held responsible. It is also
interesting to note that a nontrivial proportion of the subjects
use sidmming when dealing with some aspect of their callege work.
This fact, taken in conjunction with a relatively high degree of
confidence demonstrated by subjects in their ability o select
importast information while skimsing, indicates that college

students believe sidmming to be a viable and practiced fors of

reading. Few subjects have received any formal training in speed




reading and, therefore, appear to have developed the ability to
sidm through experience with normal reading.

The subjects appeared to have reacted well to having their
reading processes placed under experimental observation. For the
most part, subjects claimed to be able to wmaintain their usual
reading paces (normal or skimming) with a tendency, especially
among subjects in the sideming condition, to read faster than
usual. Relatively few subjects claimed to have had their reading
rates slowed by being in the experiment. Subjects in the skimming
condition maintained their relatively high degree of confidence
in their ability to sikis for important information when
questioned about how successful they felt in their attempts to
sikim the experimental materials. The subjective reports about
being able to maintain usual reading habits is important in two
respects. First, they make generalization of experimental results
to usual reading conditions more credible. Second, the reports
indicate that a reasonable degree of success may have been
achieved in placing sidmming processes under experimental
observation, supporting the validity of the reading time results
described above. Not only did the subjects 1in the skimming
condition read faster than those in the norwal condition, but
they claimed that they were, in fact, sidaming as they would on
their own. It is important to be able to establish with some
degree of confidence that subjects were reading normally or
skimming as they ordinarily might before moving on to a

discussion of the more theoretically meaningful results of the

m

experiment. We are now in a position to interpret the remaining
empirical results in a context that is applicable beyond a
laboratory setting and that 1is representative of cognitive
processes involved 1n normal reading and sideming behavior of
college students.
bepory for Meaning

Recosnition performance. Subjects' ability to recognize the
meaning of test statements that explicitly appeared in or could
be inferred from one of the critical stories was characterized in
two ways. First, the proportion of hits and false alarms for each
statement type for both kinds of story were calculated for each
subject, The mean proportion of hits and false alares are
presented in Table II. The second characterization of recognition
performance involved calculating d' scores for every pair of hit
and false alarm .rates for each subject. In calculating the d'
scores, when a hit rate of 1.0 was encountered it was transformed
in%o a more realistic value by using the estlmate 1-(1/(2W)),
where N was the total number of hits possible. False alarm rates
of 0.0 were transformed into realistic values by using the
estimate 1/(2M), where N was the total number of false alarws
possible. These estimates have the desirable property of
providing a probability value that lies between 1.0 for hits or
0.0 for false alarms and the probabllity obtained when just one
ziss or false alarm, respectively, occurs. Furthermore, a nit

rate of 1.0 or a false alarm rate of 0.0 should be considered 2

zore reliable result wnen more items are involved (i.e., wnen ¥
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TABLE 1T

MEAN HIT AND FALSE ALARM RATES ON MEANING TEST IN EXPERIMENT 1

Story Type Reading Statement Type?
Rate
Inf. Mac. Mic.
Ht B mit FA Mt Fa
Narrative Normal 83 .12 .90 .12 .87 .2
Narrative Skim 85 .19 .86 .16 .78 .30
Newnpaper  Normal 88 .12 .87 .12 .78 .23
Newspaper  Skim 76 .21 .86 .20 .71 .33
®Inf. = Inference; Mac. = Macrostatement; Mic. = Microstatement

PFA = False Alarm
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is large). The term 1/(2N) reflects this consideration, assigning
higher hit rate estimates (approaching 1.0) and lower false alaras
estimates (approaching 0.0) as ¥ increases, The d' scores for
each subject were used in the formal analyses of recognition
performance as they reflect a consideration of both hit and false
alara rates:

The mean d' scores for recognition of statements in the
meaning test are presented in Figure 1. An analysis of variance
of the d' scores sas carried out, including story and statement
type as within-subject varjables and reading rate as a
betueen-subject variable. The analysis indicated that subjects in
the normal reading rate condition had higher d' scores (1.97)
than subjects in the sidaming condition (1.60), F (1, 70) =
1440, ns‘ = .870. Subjects were better able to recognize
statements from the narratives (1.87) than from the newspaper
stories (1.70), E (1, 70) = 8.39, ﬂ; = .830. The effect of
statement type was also reliable, F (2, 140) = #1.8%, m} = .339.
A Neuman-Keuls test indicated that recognition of inferences
(1.91) and of wmacrostatements (2.01) did not reliably differ,
while recognition of either of these two statement types was
reliably greater than recoguition of microstatements (1.%3). None
of the interactions were significant (fs < 1.5).

The reading time results indicated that subjects instructed
to sidm did, in fact, read faster than subjects instructed to

read normally and this effect was further reflected by reduced

recognition performance among subjects in the sikimming condition.
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Figure 1. Mean recognition performance on meaning test in
Experiment 1.
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The faster reading rates led to reduced cowprehension, as
measured by the recognition test used here, and as expected from
the review of research presented in Chapter I. More interesting
than the quantity of camprehension are the gualitative aspects of
camprehension. One of the results that represents the quality of
comprehension is the statement type effect. As predicted by
theories of wmacrostructure (Kintsch & van Dijk, 1978; Mandier &
Johnson, 1977; Thondyke, 1977), the important inferences and
macrostatements were more reliably recognized than
microstatements. The failure to find a significant difference
between recognition of inferences and macrostatements attests to
the fact that development of a macrostructure is not completely
stimulus-bound, but relies on the reader's background knowledge
and ability to draw relevant cooclusions (C. Frederiksen, 1975b;
Hayes-Roth & Walker, 1979; Kintsch, 1974; Kintsch & van Dijk,
1978).

No interaction between rate and statement type was observed,
indicating that the processes responsible for producing a
macrostructure representation of a story when reading at normal
rates were not completely abandoned when sidmming. Some essential
aspects of macro-operations were in effect during sikimming, but
subjects were not able to strictly adhere to the usual
macroprocessing operations as recognition performance on both
important and unimportant statements declined significantly and

to the same extent. were macro-operations in full effect, one

would expect to observe no decline in recognition of
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macrostatements and inferences while recogrition of

microstatements would decrease severely. Nor, however, was the
distinction oetween important anc¢ unizgortant information
diminished to any extent. It is clear that subjects who dasically
have taught themselves to skim can effectively select important
information from stories. Memory representations of stories that
are skimmed are not comprised of equal amounts of important and

wmimportant  information. At  least a rough, incomplete
wacrostructure is preserved when  subjects skim at moderate
rates: processing does not deteriorate to a random selection of
pieces of information. The reliably greater recogniticn of
inferences than of wicrostatements 1is maintained even when
storles are skimmed, suggesting that while skioming subjects are
avle to draw together enough partial information found in
different parts of a story to form at least some of the important
conclusions.

Even though recognition of statements drawn from narratives
was greater than recognition of newspaper story statements,
exactly the same pattern of reading rate and statement type
effects were observed for both kinds of story. Thus, while
subjects may be more interested in or have more background
knowledge about narratives, their ability to form story
macrostructures when skimming or reading at normal rates is quite
food when reading newspaper stories as well, whatever differences
exist between newspaper and narrative story schemata, supjects

dre able to use these schemata to shape 1 reasonably accurate

ka4

macrostructure representation of either kind of story. The
processes involved in forwing a macrostructure appear, therefore,
to be general across i number of different kinds of stories.

Beaction time for bits. The time taken for a swject to
respond to each test statement was recorded by the computer
system used for the test phase of the experiment, For each
subject a wean reaction time was calculated for each cambination
of response and statement type. These means were adjusted fn the
following way to account for wduly long reaction times. If a
subject’s mean reaction tire was based on one, three, or aore
responses (depending on how Rany times the subject responded in a
certain way to statements of a particular type) and if that mean
exceeded 15 sec, then the mean was changed to 15 sec. If a mean
was based on exactly two responses and if one or both values
exceede 15 sec, the mean was recaleulated with the excessive
value(s) adjusted to 15 sec. These adjustments were made for all
reaction time categories in Expericent 1, In cases where a
subject made no responses of a particular type that subject was
assigned the mean reaction time of the appropriate type for nis
or her coudition.

The mear time taken to correctly verify each statement type
in Experiment 1 is presented in Figure 2. an analysis of variance
Of the reaction times for hits was carried out with reading rate
{normal and sidaming) as a between-subject factor and astory type

(narrative and newspaper) and statement  type {inference,

macrostatement, and microstatement) as within-subject factors.
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Only two effects were reliavle. Newspaper story statements were

verified more quickly (4.728 sec) than narrative statements

(5.792), F (1, 70} = a8, > B3 - 2.506. Story and statement type
9,

interacted, F (2, 140) = 3.3 bS, = 1.529, indicating that the
pattern of reaction time to the different statement types varied
2s a function of story type,

The interaction of story and statment type probably was due
to differences in materials and no reiiable counclusions about
processing differences can be drawn from this effect. The same
can be said for the main effect of story type, especially since
statement lengths for the two types of stories differed so
markedly. The effects of greatest interest in the analysis of the
reaction time data are reading rate and its interactions with
other variables. None of these effects approached significance in
the reaction time data for hits. Subjects who skimmed the stories
were just as swift in verifying true statements as were those who
read normally, Different types of statements did not require
greatly different response times and the pattern of ‘what small
differences there were sas maintained across reading rate. These
results suggest that the memory representation resulting froa
sidaming is avout as well organized as that resulting from normal
reading. of course, a representation based on skimming stories
contains less accurate information 23 witnessed by reduced
recognition perforwance.

Reaction time for correct retections. Reaction time data

were prepared for correct rejections in the same way as they were
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for nits. Mean reaction times for correct rejection of different
statement types are shosn in Figure 3. An analysis of variance of
these  data  indicated that correct rejection of newspaper
Statements took reliably less time (5.055) than did correct
rejection of narrative statements (6.211), £ (1, 70) = 65.9, mﬁ
= 2.190. The three statement types differed in time taken for
correct rejection, F (2, 140) = 10.33, M8 = 1.634. A
Newnan-Keuls test found reaction time for microstatements (5.79%)
and  macrostatemests (5.863) did uot reliably differ, but both
were significantly greater than reaction time for inferences
(5.250). There was also a significant interaction between story
type and statement type, § (2, 140) = 5.14, M8, = 1.233. 1a order
to interpret this interaction and its implications for the main
effect of statement type, aeparate analyses of variance were
conducted of the aatav[‘rom narratives and newspaper stories. The
analysis of reaction times for uarratives found only a main
effect of statement type, F (2, 140) = 5.63, B, o= 1831 a
Newman-Keuls test found that. time taken to reject false
microstatements (6.143) and inferences (5.872) did mot reliably
differ while both took  less time than rejection of
macrostatements (6.679). The analysis of rejection time for
newspaper statements showed that subjects in the normal reading
rate condition tended to take more time to reject statements
(5.362) than did subjects in the sidmming condition (4.728),
E O, 70) = 3.94, }ﬁg = 5.879, @ < .06. Rejection times for the

“different statement types were reliably different, f (2, 140) =
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12,46, m: = 1.036, with a subsequent Newman-Keuls test
indicating that microstatements required the longest time
(5.450), macrostatements required significantly less time
(5.108), and inferences were rejected reliably more quickly
(4.608) than either of the two explicit types of statements. &
reliable interaction between rate and statement type,” F (2, 140}
= 3.46, M5, = 1.036, tudicated that the effects of statement type
diminished when subjects sidmmed as compared to when stories were
read at normal rates.

A general finding that was consistent across both stery
types was that inferences were rejected more rapidly than either
of the explicit Statement types, This finding way be due to
uninteresting differences in materials (e.g., statement length),
but its consistency suggests that subjects are able to reject
inferences raptdly because the critical information represented
in these statements is quite discrepant from anything stated in a
story. False statements based on explicitly stated information
contain enough accurate information (semantic and surface) to
force a more careful memory search before rejection can be made
with confidence. Another geaeral trend is for correct rejection
reaction times to ve longer than reaction times for hits,
probably due to the more exhaustive examination of memory
Tepresentations required in the ‘ormer case. The data from
newspaper stories provided some additional information. The
tendecy for subjects in the skimeing condition to more rapidly

reject false statements ®ay stem from the possibility that memory
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representations that result from sidmming a story are not as
detailed or elaborate as those that result from normal reacing
and, hence, can be searched more quickly. It is also possible
that the subjects who sidmmed stories acquired a speeded reading
set and had a tendency to respond faster in some cases because of
that set (Kieras, 197u), Finally, the decrease in differences
between statement types as reading rate increased revealed that
there may be sosewhat less distinction of important, unimportant,
and inferred information when sidmeing. This explanation is a
very tenuous one, however, as the effect did not occur for
reaction times for hits nor for correct rejection of narrative
Statements. Also, the effect m@ay have been due to a speeded
reading set since it occurred mder the same conditions that
indicated the possible existence of a speeded reading set during
the test,

Reaction time for false alarms. Time taken to make false
alarms. was analyzed in the same way as other types of reaction
time data. mMean false alarm reaction times are presented in
Figwe 4. an analysis of variance found that subjects in the
normal rate condition took more time in making false alarms
(7.139)  than  subjects in the skimming condition (5.6%0),
E (1, 70) = 21,15, Rﬁ‘ = 10.724. False alarms to newspaper
statements were made more swiftly (5.535) than to narrative
statements (7.295), £ (1, 70) = 92.03, “ﬁs = 3.638. The main
effect of statement type was reliable, £ 2, wo0) = 3.57, kﬁ: =z

3.794, and  a  Newman-Keuls test indicated that only
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Figure 4. Mean reaction time on false alarms on meaning test in
Experiment 1.

Tacrostatements (6.710) and inferences (6.098) differed reliadly,

while microstatements (6.436) were not significantly different

from elther of the other two types of statement. All three main

effects must be interpreted in light of significant interactions.

Rate and statement type interacted, F (2, 140) = S5.49, BS_ =
3.794, and the three-way lnteraction involving rate, story and
statement type was also significant, £ (2, 10) = 3.76, MS_ =

3.394. The general interpretation of these interactions,
supported by subisidiary analyses of each story type, is that
statement types differ in false alarm reaction times among

subjects in the normal rate condition and these differences are
reduced and overall reaction time is lower among subjects in the
skimming condition. Story type enters the interaction because the
ordering of statement types differs across the two stories.

False alarms on macrostatements consistently take longer
than on inferences for subjects in the normal rate condition.
Assuming that this effect is not an artifact of materials, it
suggests that the subjects wmay have more knowledge about the
explicitly stated macrostatements that must be checked before
acceptance or rejection can occur, while for inferences a false
alarm wmay ocew wmore rapidly because the test statement
represents an inference that the subject woust draw and find
credible because some piece of contradictory information is not
available in memory or because the subject had previously drawn a
related incorrect inference. The reaction time differences are

virtually eliminated when subjects sikim and, as with correct
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rejections, this may by due to a less differestiated, less

surface structure oriented representation, or o the

establishment of 3 speeded reading set that obscures the suwtle

¢ifferences among statement types.

Heactlon ime for misses. e reaction time data for
subjects’ incorrect rejection of true statements swas prepared in
the same way as the other reaction time data. The mean time taken

for misses is presented in Figure 5, an analysis of variance was

done and it was found that the normal rate condition had longer

reaction time (6.790) than the skimming . condition (5.913),

E (1, 70) = 10013, M3, = 8.199, and that newspaper statements

were responded to faster (5.637) than narrative statements

(7.067), £ (1, 70) = 71.61, kﬁg = 3.084. There were also two

significant interactions. Rate and statement ‘ype interacted,

E (2, o) = 7,34, k&_g = 4.377, and the interaction involving

rate, story and statement type sas reltable, E (2, 140) = 4.09,

“53 = 8,493,

The w®main effects observed in the analysis of reaction time
for misses were consistent with those found in tre analyses of

other reaction time measures. The interactions, however, are less

interpretable. Because of rather high hit rates, very few misses

were made and for a particular statement type about half the

subjects missed no statements and, therefore, did not contribute

#ata to the reacticn time analysis. The replacement of the empty

zells with the ‘cell mean  caused the pattern of results to be

heavily influenced by 2 few supjects' reaction times, especially
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extreze times, The  statistical effect was to  increase

within-subject variance {notice the mean-squared error values

involving within-subject variables in the correct rejection and
hit analyses compared to values for within-subject effects in the

analysis of misses) and to greatly exaggerate differences between

TABLE IIT

within-subject nmeans, such as  statement type. That the MEAN HIT AND FALSE ALARM RATES ON SURFACE TEST IN EXPERIMENT 1

significant interactions may be due to statistical artifact wmust

be considered a strong possibility. The wninterpretability of the

interactions increases suspicions about their validity.

Story Type Reading Statement Type
Rate
Memory for Surfage Strugture
Macrostatement  Microstatement
Recoenition  gerforpance. Hecognition of the surface
Hit Fa? it o
structure of statements contained in the ecritical stories was
analyzed by calculating the hit and false alarm rate for each Narrative Normal .68 .48 .70 .50
Narrative  Skim .61 .56 .64 .49
subject's performance on each type of statement, The wean hit and Newspaper Normal .76 .54 W12 L2
Newspaper  Skim Th .58 .53 W49
false alarw rates are presented in Table TII. 4 d' score for each

subject's performance on each statement type was calculated as
was done for recognition of meaning data. The mean d' scores are
shown in Figure 6. Also shown in the figure are confidence %A = False Alarm
intervals for significance of difference from zero. The dashed
line represents the 99% coufidence level and the solid line
represents the 95% confidence level. Means falling below these
cutoff points should be considered not significant from zero
{chance performance) with the appropriate degree of confidence.
These confidence criteria were based on the error estimates

obtained from an aualysis of variauce of the d* scores. The

analysis was originally carried out including delay iaterval 1s a
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wXperiment 1. Significance of difference from zero at 993
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variable but no consistent or interpretable effects due to this
factor were found and so it was not included in any of the
reported analyses of surface wemory.

The analysis found a majn effect of reading rate with better
surface memory d' scores for subjects in the normal rate
condition (0,48) than for subjects in the skiaming condition
€6.19), E (1, 70) = 8.52, I8 = 0.686. Nome of the other effects
were reliable, although the thrée-vay interaction involving rate,
story and statement type approached sigaificance, 2 (1, 70) =
3.13, Lﬂ: = /696, p < .08,

The fact that surface memory deteriorated when reading rate
was increased supports the hypothesis that subjects who skim
stories do uot fully process surface structure, but apparently
rely on organization of partial imowledge obtained through highly
predictive processing of a story. While the statement type
differences observed at normal reading rates did not diminish (if
anything, they increased) when subjects sikiemed stories, the
differences observed after skimning were primarily due to near
chance performance on one statement type and chance performance
on the other. The relative degree of surface wemory for macro-
and microstatements varied as a function of story type and it is
unclear  whether these variations reflect real and  general
processing differences or artifacts of test stimulus selection.
The lack of high reliability of the three-way interaction

discourages elaborate speculation.

Beaction tize for bita. Reaction time data were prepared and
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analyzed for the surface test data ig the same way as the data

from the meaning  test. The mean hit reaction times for the
surface test are presented in Pigure 7. An analysis of variance
indicated that the effect of story type approached signu'icance,
E G, 70) = 3221, S, = 4.680, o < .08, with reaction time to
newspaper statements (5.739) less than narrative statements
(6,196}, Microstatements were responded to more rapidly (5.751)
than were macrostatements (6.184), F (1, 70) = 864, 153 = 2.915,
and  there was a tendency for reaction time among normal rate
subjects to be bigher (6.350) than among  subjects who skimmed
(5.584), F (1, 70) = 3.53, B3 = 11990, p < .07. ese last two
main effects must be interpreted with respect to a reliadle
interaction between rate and statement type, £ (1, 70) = 9.45,
MS"S = 2.915. As indicated in Figure 7, the longer reaction time
to wacrostatements decreased as reading rate increased from
normal to sidmming,

The effect of decreased reaction time during sidaming  could
reflect the same kind of speedec reading set as that implied by
the recognition of @eaning reaction time data. The interaction,
however, implies that the surface memory distinction between
@acro- and microstatements may have diminished as 4 result of
skimming , Certainly, the actual recognition performance
approached chance when subjects siimped and  the reaction times
for correct verification of surface structure are correspondingly

Bot differentiated on the basis of importance. 1t {g as though

3ubjects process surface structure to a very limited extent,
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Flgure 7. Mean reaction time on hits on surface test in
Experiment 1,




regardless of importance. (nce surface and sepantic processing
have determined that a statement is important the semantic gist
1s incorporated into the comprenension fprocess with little
additional surface  processing, and if the statement is
unimportant the gist is not further elaborated.

feaction time for correct rejections. The mean reaction time
for correct rejections is shown in Figure 8. An mal;sxs of these

NARRATIVES NEWSPAPER STORIES
times found that newspaper statements were responded to reliably 10

raster (6.773) than were narrative statements (8.030), F (1, 70)
= T4.85, M3, = 7.671. Story and statement type were lavolved in

an dateraction, F (1, 70) = 7.78, hS, = 3.161, and these

variables further interacted with reading rate, K (1, 70) =

two

30.37, MS, = 3.161. Cnce agaln, the differential statement type

effects may have been due to artifacts of differences in t O MACROSTATEMENT

+ MICROSTATEMENT
materials or to some, as yet,

REACTION TIME (SEC)

obscure processing difference

between narratives and newspaper stories, In either

case, the

NORMAL SKIM  NORMAL SKIN
READING RATE

'dlffex‘em:es that manifested themselves at the normal reading rate
were eliminated at the skdmming rate, suggesting that skimming
processes do not strongly differentiate surface aspects of story
information in the resulting memory representation.

lgackdon fLime for false alarma. The mean reaction times for

false alarms made on different statement types are presented in Figuwe 8. Hean reaction time on correct rejections on surface

test in Experiment 1.
Figure 9. The analysis of these data revealed that normal rate

subjects took longer (7.149) in making false alarms than did
skimoing subjects (6.227), F (1, 70) = 4.8z, M, = 12.703, ane

that newspaper statements were responded to faster (6.116)

than
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Figure 9. Mean reaction time on false alarms on surface test in
Experiment t.

narrative statements (1.261), F (, 70) = 17.70, 253 = 5.336. e

main effect of statement type approached significance, £ (1, 70)
= 3.64, lﬁg = 3.764, p < .06, with reaction time to
microstatements (6,906) longer than macrostatements (6.470). Rate

and statement type interacted reliably, F (1, 70) = 5.08, M

3.768, and these variables also interacted with story type,
E (, 70) = 6.12, }ﬁ; = 4.594. Separate analyses supported the
impression obtained from Figure 9 that the three-way interaction
was due to the differential effect of skimming on reaction time
for macro- and microstatements. The general decrease in reaction
tize observed for all other statement types was not fowd for
narrative wmicrostatements, It may be that subjects who skimmed
were, for some reason, wmore cautious when responding to the
statements from narratives that represented less important
information and a speed-accuracy trade-off effect (Pachella,
1974) resulted. In fact, a review of Table TIT reveals that false
alarm rates increased as reading speed increased for all
statement types except narrative microstatements, which showed a2
slight decrease. Except for this trade-off effect, a general
decrease in reaction time was apparent for false alarms just as
with other reaction time measures. The generality of the decrease
of reaction times when subjects sidmmed is consistent with the
hypothesis that subjects who skimmed adopted a speeded reading
set. The set could be altered, however, by speed-accuracy

concerns and a more cautious strategy led to longer reaction

times.
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Reaction time for misses. Te mean time taken to incorrectly
reject a verbatim statement is shown in figure 10. An analysis of
these reaction times found that normal rate subjects reacted more
slowly (7.132) than sideming subjects (6.319), F (1, 70) = 4.60,
M3, = 10.333. Newspaper statements were responded to more quickly
(6.325) than narrative statements (71.216), £ (1, 70) = 12,61, )ﬁ_e
= 5.488. Rate and statement type interacted, F (1, 70) = 6.21,

ES = 4,198, ane

o the interaction of rate, statement and story

type was reliable as well, E (1, 70) = 7.89, o= 3341, The
observed main effects were consistent with those found in
analyses of other reaction time measures. The interactions were
due to the lack of a decrease in reaction time of misses on
newspaper macrostatements as reading rate jincreased. As with
alse alarm reaction times, a speed-accuracy trade-off appeared
to be operating. Table III shows that the hit rate for newspaper
macrostatements did not decrease with increased reading rate to
the same extent as for other statement types, .particularly
newspaper microstatements. The cost of maintaining a relatively
high hit rate for newspaper macrostatements was a relatively high
reaction time. The reason why subjects selected for special
consideration the specific type of statement they did is a matter

of speculation.
Summary and Conclusions

The time the subjects required to read the eritical stories

indicated that the instructions to read rormally or to skim
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Figure 10. Mean reaction time on misses on surface test in
Experiment 1.
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produced reliably different reading rates. Although a good deal
of variability between individuals was observed,
within-individual reading rates were remarkably consistent, The
results of the questifounaire suggested that usual strategies of
normal reading and skimming were, for the most part, maintained
in  the experiment. Both of these reading strategies appear to be
centered around the formation of a macrostructure as a memory
represeatation of information explicitly presented in and
inferred from a story. The formation of a macrostructure is
common to " both narratives and newspaper stories, and was
evidenced by superior recognition performance on macrostatements
and  inferences relative to microstatements. demory for meaning
and for surface structure generally decreased as a result of
skioming. Surface wmemory, however, was not consistently superior
for one kind of statement and any differences observed among
subjects reading at normal rates tended to diminish when subjects
skimmed the stories. Reaction times in the meaning and surface
tests primarily reflected theoretically uninteresting
characteristics of test statements such as length, but also
tended to decrease as reading rate increased, suggesting that
subjects in the sidmming condition adopted some form of a speeded
reading set during the test phase.

The results of FExperiment 1 were very encouraging with
respect to the validity of experimental procedures used to study
the reading process and resulting remory representations. The

effect of statement importance was maintained 4across  reading

iet

rates, indicating that some essential macrostructure processes
were operative. These processes did not completely deteriorate
when sldwming rates were in effect. It was hypothesized that
macro-operations (Kintseh & van Dijk, 1978) might even be more
strongly emphasized during skimming and as a result the
importance effect in recognition would increase in the siciaming
condition. While this effect was not obtained using the present
measures, it is theoretically possible that macro-operators were
especlally emphasized during skieming but that certain memory
characteristics obscured the effect. Specifically, suppose we
assume that memory for macrostatements and inferences is related
to reading rate by a function that has the same basic shape as
that for microstatements (see Figure 11), but that the latter
function is, in fact, steeper and is displaced further toward
lower reading rates. That is, the steepest drop in memory
performance on microstatements. would be associated with lower
reading rates than would that of important statements. Suppose we
also assume that the tested reading rates sampled these two

functions at points beyond that associated with the steepest drop

in memory per on mier . Then the sampling of
the microstatement function would include points with relatively
little difference in performance, while the sampling of the
important statement function would include points of performance
that were just as 4ifferentiated as those sampled {rom the
microstatement finction (see Figure 11). The result is a general

impression of equal effects of rate on recognition of statements
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Fates, indicating that some essential macrostructure processes

were operative. These processes did uot completely deterjorate
when sidoming rates were in effect. It was hypothesized that
zacro-operations {Xintseh & van Dijk, 1978) might even be more
strongly emphasized during skimming and as a result the
importance effect in recognition would increase in the skimming
condition. While this effect was not obtained using the present
measures, it 1s theoretically possidble that macro-operators were
especlally emphasized during skioming but that certain memory
characteristics obscured the effect. Specifically, suppose we
assume that memory for macrostatements and inferences is related
to reading rate by a function that has the same basic shape as
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lower reading rates. That 1is, the steepest drop in memory
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functions at points beyond that associated with the steepest drop

in memory per on mi Then the sampling of
the wmicrostatement function would include points with relatively
little difference in performance, while the sampling of the
important statement function would include points of performance
that were Just as differentiated as those sampled from the

microstatement function (see Figure 11). The result is a general

lmpression of equal effects of rate on recognition of statements




of different levels of importance. But sampiing o7 a greater
range of rates might reveal more subtle differences tetween the
two functions, particularly a greater maxisus decrease for
microstatement performance than for performasce ou important
statements. Because of the complexity of this issuve and the
nature and probable instability of the functions retating reading

rate and wmemory performance, a clear distinction between the

theoretical alternatives of maintaining versus inereasing
L J macro-operations during skimming will not be a primary goal in

\\ 2 this thesis, Fmphasis will instead be placed on the zore testable
s \ [_weoRTANT

(and more critical) issue of whether or mot =macro-operations
function well enough to honor the relative significance of
4 different facts and form at least a general macrostructure when 2

\ reader skims. The results of Experiment 1 strongly suggest that

MANT they do, though an incomplete macrostructure results, as not all

MEMORY PERFORMANCE

information can be adequately processed by the wmacro-operations.
SAMPLED RANGE
The experiments reported in the remaining chapters were designec
READING RATE .
to further investigate the characteristics of these
macro-operations and their relationships with data drives anc
conceptually driven processes in varied reading situations,

Eigure 11. Theoretical functions relating memory to reading rate
for important statements and wirportant statements.
v




CHAPTER (If
EXPERTMENT 2

In Experiment 1 there was not a great deal of control over
the reading rates adopted by subjects, The result was a wide
range of reading rates operative in each reading rate condition.
Experiment 2 was designed to establish strict control over
reading rates and to increase rates beyond those used by subjects
in a free skimming situation. A number of procedures could be
used to control reading rates such as presenting limited portions
of the text for fixed time intervals {Carver, 1977). Controlled
presentation of text has componly been used in speeded reading
research {see Chapter I) but suffers from the major disadvantage
of being very unnatural. Subjects are not able to make decisions
about shich parts of a text they wish to process more elaborately
nor are regressive eye movemeats to earlier parts of a text
possible. Skimming processes prodvaoly would be very different in
this situation campared to more realistie reading situations.

The primary objective in controlling reading rates is to
allow the subject an amoumt of time to process a text that
corresponds to a particular rate of speed. This can be
accomplished in a relatively matural way by making the whole text
avallable to the subject for the fixed period of time. Rather
than having the subject read as much as possible in the allotted
time at his or her own rate (Carver, 1977), however, the subject

should be encouraged to read at rates consistent with the rate
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established by the time interval allowed for reading. mat is,
depending on the rate in effect subjects would be told they will
have enough time to read at a rate aimilar to their normal
reading rates or at a rate tnat corresponds to skimming, ang
subsequently encouraged to operate at those rates. Practice texts
are necessary to allow subjects to accommodate their reading
style to the rate in effect. Assistance in reading at the
established rate can be provided by keeping the subjeats informed
of elapsed time {Wright, 1971). Subjects need not read the text
at a wmiform rate wder this procedure, but can allocate reading
time according to whatever criteria they would ordinarily use in
skiaming or normal reading. The overall reading rate would
conform to the established rate. Information about elapsed time
ls presented only to keep the subjects informed of time
constraints and through experience on practice texts a general
sense of the reading rate requirements can be obtained. This
procedure has the advantage of teing reasonably natural with only
time constraints imposed upon subjects. Qtherwise, subjects are
free to use any reading strategy and time allocation pricrities
they choose. No other pacing procedure offers this degrae of
freedom. Anything more restrictive ®ay have severe consequences
for normal reading processes such as formation of macrostructures
of text information. For these reasons the pacing procedure used
in Experiment 2 allowed subjects access to the whole text during
a fixed time {nterval corresponding to the established reading

rate. The extent and nature of the influence of the

pacing
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procedure used in Experiment 2 can be gauged by comparing the
experimental results with those fowid in Experiment | where
subjects read at self-paced rates.

Three reading rates were selected for Experiment 2. The
first two were based on the subject-paced reading rates observed
in  Experiment 1. The normwal and sidmming rates were based on the
median rates of the corresponding reading conditions of the first
experiment. The selected paced rates were 225 wp and 375 wpm for
normal reading and skimming, respectively. A third rate of 600
¥PE was chosen to push subjects to skim stories very rapidly and
will be referred to as the fast skimging rate. The reasou for
including such a fast rate was that while subjects may skim at
less than 400 wpm when they know they will be tested, it wmay be
that this type of sidmming is wilike the ikdnd of skimming that is
done at very fast rates. Also, it was important to determine
whether subjects could successfully form macrostructures of story
information when sikimming at a rate that exceeds more careful

ing speeds.

Experiment 2 involved the same stories and test materials as
those wused in Experiment 1 so that direct comparisons of
experimental results could be made in evaluating the effects of
Pacing subjects' reading rates. The two different story types,
narrative and newspaper, represent basically different story
structures and their use allowed ocbaervation of the effects of
various reading rates on the processing of stories with diverse

structures. Use of the different statement types provided
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inforration about the formation of a wacrostructure
representation in memory and the arility to draw inferences from
information obtained while reading at widely varylng rates, The
surface memory test was included to provide further evidence
about the nature of surface processing during normal reading and
skimoing .

The final variable included in Experiment 2 was that of
typographical case. Half of the subjects read stories typed in
normal case while the other half read stories typed in
aiternating case {every other letter capitalized). The logic
underlying the use of different typographies was related to the
hypothesis that when readers skim they must rely more on whole
word visual identification of words because they lack the time
and cognitive resources necessary to make full use of
phonological decoding processes. Baron (1977) has shown that use
of alternating case sufficiently disrupts visual patt,ex;na 80 as
to make whole word visual identification very difficult. The
alternating case typography must be prepared with capital letters
larger than normal letters in order to obtain the effect, If
capital letters are no larger than the lower case letters no
disruption occurs since subjects are able to integrate
alternative sets of features 1into whole word  visual
identification when size is controlled (F. samith, Lott, &
Cronnell, 1969). when alternating case is used for normal reading

rates a relatively small detrimental effect occurs (Fisher, 1975;

Fisher & Lefton, 1976) but when subjects must scan materfal at
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rapid rates as in a search task, the effects of alternating case
are accentuated (Fisher & Lefton, 1976; F. Smith et al., 1969).
These resuits are cousistent with the hypothesis that whole word
visual identification 1is particularly important during skimming.

One possible effect of alternating case on meaning
recognition performance would be a general decrease due to
reduced efficiency or completeness of  processing text
information. This effect wmight also be observed in the surface
memory test 4if subjects are unable to devote much attention to
processing of surface structure since full surface processing
requires time consuming decoding of visually unfamiliar word
shapes. Perhaps the most interesting effect of all would involve
the effect of alternating case on the ability to develop a
macrostructure representation while reading normally or skimming.
1f decoding alternating case is a sufficiently difficult task

with high demands on processing time and resources it may be that

subjects would not have adequate time or cognitive resources

(Kahneman, 1973; Norman & BEobrow, 1975) for the selective
processing required to form a wmacrostructure from a story veing
read. Formation of macrostructures does appear to require some

amount of cognitive resources (Britton et al., 1979), but

Experiment 1 that macr es can be formed even
wnile skimming. The important question, then, is whether
macrostructures can be formed during normal reading or skimming
when perceptual processes cannot operate optimally and when

further demands are placed on cognitive resources as a result of

raving to decode alternating case. Those

reading situations

susceptible to alternating case effects would be those that rely
primarily on whole word visual identification processes for rapid

and resource-efficient text camprehensicn.
Method

Subjects

The subjects in Experiment 2 were 180 students recruited
from the same source as that used in Experiment 1. There were 30
subjects assigned to each of the six combinations of reading rate
and typographical case. Assignment was based on the order of the
subjects' appearance at the laboratory.
Materials

The reading and test materials used in Experiment 1 were
also used in Experiment 2. In addition, a secomd set of story
booklets identical to that used in Experiment | was prepared
using alternating case typography in which alternating letters
were capitalized and all other letters were lower case,
regardless of normal rules for capitalization.
Lesign

For the meaning test a 3 X 2 X 2 X 3 mixed factorial design
was used. Reading rate (uormal, skimming, and fast skimming) and
typographical case (norwal and alternating) were between-subject
variables. Story type (narrative and newspaper) and statement

type (inference, macrostatement, and microstatement) were

within-subject variables, For the surface test a 3 X 2X 2X2
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mixed factorial design was used. Ml four variables were the same
as in the meaning test except that the statement type variable
ineluded only two levels (macrostatement ang microstatement) ,
Lrocedure

Subjects participated in small 8roups ranging in size from
two to six. Each subject was first required to read the practice
narrative as in Experiment 1. Once all subjects in the session
had completed this task and the materials were collected, the
experimenter explained that the subjects would next be asked to
read a set of stories. Subjects were told that they would be
asked to read at a particular rate of speed and that that rate
“ould be similar to their normal reading rate, to the rate they
might use when skinming, or to a rate threy might use when
skimming very fast, depending on the reading rate in effect
durlog  the session. The method Of pacing the subjects through
each story was then described and subjects were reminded that
their task would be to obtain from each story the important
information that would contribute to thre story's general meaning .
The story booklets were distributed ang the subjects read the
instructions on the cover page. These instructions were basically
the same as those that appeared on the cover Page of the story
booklets used in Experiment 1, except that the instructions for
Experiment 2 also included a description of the paciug procedure.
Also, for those subjects receiving stories typed in a.\ternatlng
©ase, 2  paragraph  yas included  that introduced the

characteristics of the typography. after reading the instructions

M

and having any questions answered, subjects began the paced
reading procedire.

Reading rate was paced using a tape recorded message for
each story. The message began with the word "Start,* indicating
that the subjects were to open the booklets to the first story
and begin reading. A series of numbers, "open through rfour ,* was
heard with €ach number oceurring at equally spaced time
intervals, Thus, when subjects heard the aumber "one" it ameant
that one quarter of the reading time had elapsed, and when they
heard the number "four" it meant that the total reading time had
elapsed. At that Point subjects were to be finished reading and
were required to turn to the next blamk Page in the booklet. sSix
sets of messages were recorded, taking into account the two
different orderings of narrative and newspaper stories (the tuo
story types differed in length), and the three different reading
rates. Two sets of messages were prepared for each of the three
rates: 225 wpm, 375 wpm, and 600 wpm.

when the pacing procedure was descrived to the subjects it
was emphasized that when they heard a number, for exampie “ane "
it ¢id not mean that they necessarily had to be finished reading
the corresponding proportion of material in the story {i/3),
Subjects were told that they could distribute their reading time
over the story in any way they desired, as long as they competec
their reading by the end of the allotted reading time,
Consequently, Subjects were asked to adjust their general reading

rate to cover the whole story in the time allowed. The aumbers
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were present only to xeep subjects informed of elapsed and

resaining time. Once the time for reading a story had elapsed,

subjects turned to a blank page while waiting for the signal to
start reading the next story. There was a pause of about § sec

between stories. At the end of the reading phase subjects began

the test phase which involved procedures and materials identical

to those used in Experiment 1, Once the test phase had been

campleted subjects filled out the same questiomnaire as that used

in Experiment 1,

Results and Discussion

Questionnajre

The subjects in Experiment 2 were not given the opportunity

to read the critical stories at their preferred reading rates.
Instead, they were required to read at paced rates. Therefore, in

order to be able to claim that the reading processes in

Experiment 2 were reasonably representative of natural reading,
it is very fmportant to evaluate subjects' comments on how well

their experimeatal reading experiences corresponded to their

normal reading  experiences. Subjects' replies to  the
questionnaire item regardin:z 2 camparison of usual reading rates
with those used in the experiment are relevant to this 1ssuve,

The percentages of subjects in each experimental condition

claiming that the paced reading rate was the same as, faster
than, or slower than usual reading rates are shown in Table 1v.

In general, subjects reading at the normal rate felt that

they

i3

TABLE IV

SUMMARY OF RESPONSES TO QUESTIONNAIRE ITEnS REGARDING
REACTION TO PACING PROCEDURE IN EXPERIMENT 2

_

Case Reading Rate Paced Reading Rate Experimental
Relative to Own Rate Skimming Success
(Percent of Subjects) Ratings

Same rast Slow

Normal Normal 56 1T 27 -

dorwal Skim 3 97 0 2.03 )
Normal Fast Skim 0 % 0 1.40
Alternating  Normal ¥ w0 20 -
Alternating  Sxim 7% 0 2.03
Alternating Fast Skim 3 94 3 1.23
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were reading at or alightly telow their normal reading rates.
There was a tendency for a greater percentage of subjects reading
alternating case at the norwal rate to claim that the pace was
too fast. Given that all subjects were forced to read at one
speed, however, it appears that a representative speed was
chosen, For subjects in the skimming and fast sidmming conditions
there was almost cauplete agreement that the rates were too fast,
Since these responses by subjects in both skimming conditions
appeared to be based on comparisons with personal normal reading
rates rather than personal skimming rates (as in Experiment 1,
it is difficult to interpret them in the context of evaluating
paced sidoming rates with respect to usual skimming rates. A more
reliable impression can be obtained by evaluating subjects®
responses  to the questionnaire item asking how successful
subjects believed they were in extracting important information
from the stories while skimming. These responses were evaluated
using the same four-point scale as that used ror this item in
Experiment 1. The mean rated subjective success in extracting
important information for subjects in both skimming conditions is
presented in Table IV. It 4ias apparent from these means that
subjects in the sidmhing condition were more confident (2.03)
that they had successfully gleaned the important information from
the stories than were the subjects in the fast skimming condition
(1.32), £ (1, 116) = 12.54, M3, = 1.228. Typographical case aid
"ot have a reliable effect on  these ratings, nor was the

interaction between reading rate and case significant (Es < 1.

15

Thus, subjects in the skimming condition were able to maintain a
relatively high degree of confidence (very close to that observed
for subjects in the sidmming condition in Experiment 1) in their
ability to sidm effectively at the paced rate of 375 wpm. The
rate of 375 wpm seems to be a representative skimming rate for
these subjects. When subjects were forced to read at 60 wpm,
however, the degree of confidence in what they learned while
skimming declined significantly, indicating that the rate of 6§00
wpm was probably beyond these subjects' preferred rates of
skimming. These are exactly the roles that the rates of 375 wpm
and 600 wpw were meant to play.

With respect to the subjects' responses to items on the
questionnaire that dealt with skimming habits outside the
laboratory, the mean estimate of percentage L3 total reading time
that is spent sidmming was 30%, with a full range of 0-1008. As
in Experiment 1, the most commen types of materials that are
sidmmed are newspapers and magazines as 378 of the subjects
claimed to skdm at least one of these two types of material,
Also, 17% of the subjects stated that they skim at least some
part of their college materials. 4 number of other types of
material were mentioned idiosyncratically as in Experiment 1. &
general estimate of how effectively subjects feel they skim on
their own was obtained by evaluating subjects’ Tesponses to the
question concerning how successful subjects’ felt they are at

extracting important information while skimming on their own.

Responses were evaluated using the four-point scale descrived in




Experiment 1, T™he mean rating for tre subjects in Experiment 2
was 1.86, indicating that these subjects felt that they can skim
reasonably well on their own. Finally, 123 of the sucjects
indicated that they had taken some course of training in
improving reading speed. Among those subjects who have had
training {in increasing reading speed, the mean evaluation of
confidence in success while sideming outside the laboratory was a
very high 2.33. with respect to these subjects' confidence in
their success while skimming stories in Experiment 2, those who
were paced at 375 wpm (N = 9) had a mean evaluation rating of
2.78, while those who were paced at 600 wpm (N = 7) had a mean
rating of only 2.0. The difference between these mean ratings was
reliable, E (1, 14) = 6.00, B8, = 0.397. apparently, even those
subjects who had received training in improving reading speed
found some difficulty in skimming at 600 wpm.

In summary, the results of the questionnaire provide two
general conclusions about the skimming behavior of subjects in
Experiment 2. First, the characteristics of subjects' skimming
behavior outside the laboratory are similar to those described by
subjects in Experiment 1. Second, although subjects in Experiment
2 read stories at paced rates of speed, it appears that they
were, for the most part, able to maintain their usual reading
strategies whether reading at the normal or at the skimming
rates, At the fast skimming rate, however, subjects felt that
they were leas able to successfully extract important information

from the stories. Consequently, it appears safe to conclude that

the pacing method did 1ot seriously disrupt usual

reading

processes and that the selected reading rates were representative

of normal, skimaing, and fast siimming rates ordinarily used by
subjects.
Hewory for Meaning

Recognition performance. Ability to recognize the meaning of
test statements that appeared in or could be inferred from one of
the critical stories was characterized in the same manner as  for
Experiment 1. The mean proportions of hits and false alarms are
presented in Table V. Each subject's performance was also
characterized by a set of d' scores cambining appropriate pairs
of hit and false alarm rates in the same way as for Experiment 1,
The mean d' scores are presented in Figure 12,

In order to further establish the validity of the pacing
procedure as a method of ensuring particular rates of reading
while not seriously disrupting usual reading processes, an
analysis was carried out camparing the d' recognition of meaning
scores of subjects in FExperiment 1 to those of subjects in
Experiment 2. To equalize the number of subjects in each
condition, six subjects from each reading rate condition (one
subject from each of the aix counterbalancing conditions) in
Experiment 1 were randomly chosen for exclusion and all subjects
in the fast sikiwming and in the alternating case conditions in
Experiment 2 were excluded from the analysis. The analysis, then,

included experiment and reading rate as between-suoject factors,

and story and statement type as within-subject factors. The only




TABLE V
MEAN HIT AND FALSE ALARM RATES CN MEANING TEST IN EXPERIMENT 1 NARRATIVES NEWSPAPER STORIES
N
foA
NORMAL
Case Story Type Reading Statement Type® P CASE
Rate 9
l._
Inf. Mac Mec =z 0.8} * INFERENCE 0 MACROSTATEMENT 4
N T} + + 1+ + +
it FA® Ht  FA HIt FA o 4
(8] + MICROSTATEMENT
Norwal Narrative Normal 88 .13 .91 .12 .92 .26 5 Lo 7 ALTER-
Normal Narrative Skim 89 .19 .91 .16 .82 .25 \- M
Normal Narrative Fast Skim .81 .27 .85 .33 .72 .38 z CASE
Normal Newspaper  Normal 84 .13 .93 17 .77 .28 < i
Normal Newspaper  Skim .78 Lth .86 .14 .78 .31 ul 1.0F g
Normal Newspaper  Fast Skim .79 .27 .82 .26 .70 .32 = 6Ly M— .
Alternating Narrative Normal 86 .19 .88 .17 .87 .28 0.6 Lt + P + 13
Alternating Narrative  Skim .83 .25 .84 .2b .70 .40 N s N
Alternating Narrative Fast Skim .81 .24 .79 .24 .65 .40
Alternating Newspaper Normal .83 .19 .84 .22 .81 26
Alternating Newspaper  Skiam 76 .19 .83 .25 .72 .30 READING RATE

Alternating Newspaper Fast Skim .73 .27 .75 .28 .62 .2¢

2Inf. = Inference; Mac. = Macrostatement; Mic. = Microstatement
b

Figure 12. Mean recognition performance on meaning test in
Experiment 2 (N = Normal; S = Skim; F = Fast Skim).
FA = False Alarm
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effects of interest in this analysis were those involving the
main effect of experiment and any interactions involving this
variable. None cf these effects were reljable and the only one
that approached significance was the interaction vetween

experiment and reading rate, £ (1, 116) = 3.16, K. = 0.791, p <

.08. This interaction effect was due to a greater decrease in
performance due to skimming in Experiment 1. Thus, it seems clear
that the use of the pacing procedure did not produce sufficient
averration of the reading process to seriously affect performance
on the recognition of wmeaning task. If anything, the pacing
procedure involved a slightly more moderate skimming rate than
that adopted voluntarily by subjects in Experiment 1.

An analysis of variance of the d' scores for the whole set
of subjects in Experiment 2 was carried out, including reading
rate and typographical case as between-subject variables and
story and statement type as within-subject variables. All four
main effects were significant. as reading rate increased,
recognition performance decreased, f (2, T4) = 23.30, ,.'ﬁg =
1.232. The mean recognition performance for subjects in the
norwal  (1.85), sidmming (1.61), and fast skimming (1.29)
conditions all reliably differed from one another according to a
Newnan-Keuls teat.

Subjects who read stories typed in normal case had reliably
higher d' scores (1.70) than did subjects who read stories typed

in  alternating case .a7), O, 178) = Ti.24, hig = 1.232.

Subjects were better able to recognize statements taken from

narratives (1.63) than statements taken Proe newspaper stories
{1.54), E (1, 174) = 4.33, S, = 0.556. e dirferent statement
types differed in the degree to which they were recognized,
E (2, 348) = 86.31, M5, = 0.373. 4 Newman-Keuls test iundicated
that recognition of inferences (1.71) and of macrostatements
(1.79) did not reliably differ, while recognition of either of
these two statement types was significantly superior to that of
microstatements (1.24).

Only one interaction was significant in the analysis. This
was a three-way interaction involving case, story type, and
statement type, F (2, 348) = 3.25, h&g = 0.398. In order to
interpret this interaction two separate analyses of variance were
computed, one for each story type. Each analysis included reading
rfate and case as between-subject factors aad statement type as a
vithin-subject factor. In both analyses all three main effects
were reliable with patterns of significant differences between
means alwost identical to those found in the original analysis.
Additionally, the analysis of recognition of statements taken
from narratives revealed three interactions that were at least
close to being reliable. The interaction between rate and
statement type was relaidble, F (4, 348) = 2.82, h&g = 0.319,
indicating that ability to recognize inferences and
macrostatements cdeclined less rapidly than did ability to
recognize microstatements as reading rate increased. The

interaction bpetween rate and case approached significance,

£ (2, 174) = 2,87, uig = 0.984, p ¢ .06, This interaction implied
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that the negative effects of reading alternating case increased
as reading rate increased fros uorwmal to  sidaming, but
disappeared when the rate was set for fast sidaming.
Alternatively, one could interpret the interaction as indicating
that for subjects reading normally typed stories, a small drop in
d* scores was observed as reading rate went from normal {2.05) to
sidmming (1.89) and a rather large drop occurred when the rate
was set at fast skdmming (1.30). On the other hand, for subjects
reading the stories typed in alternating case a large drop in d'
scores was observed as soon as reading rate went from normal
(1.84) to sidmming (1.39) and a lesser cecrease occurred when the
rate was fast sidmming (1.30). Finally, the interaction between
case and statement type approached significance, £ (2, 348) =
2.68, BS, =0.319, p < .07, indicating trat reading alternating
case had a more detrimental effect on recognition of

L33 than of ts or inferen

These interactions taken together with Figure 12 imply that
the effect of reading rate on recognition of different statement
types depends both on the type of story and the case in which the
story 1is typed. In order to PNurther investigate this possibility
and to delineate those situations in which interactions between
reading rate and statement type are likely to occur, four more
asubsidiary analyses of variance were done. One analysis was done
for each cambination of story type and case. In each analysis the
variables were rate (between-subject} and statement type

‘within-subject), and the question of interest was whether these
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two variables interacted. In each analysis both main effects were
highly reljable as they had been in the earlier analyses, but, as
expected from viewing Figure 12, only the analysis involving
narratives read in alternating case revealed a relladble
interaction between rate and statement type, F (4, 174) = 3.40,
BSJ = 0.318. This interaction did not approach significance in
the other analyses (Fs < 1). The significant interaction clearly
indicates that the condition of reading narratives typed in
alternating case leads to a more rapid decline in recognition of
wmicrostatements than of macrostatements or inferences as reading
rate increases.

The capparison of recognition of meaning in Experiments 1
and 2 was very encouraging with respect to the validity of the
pacing procedure used to control reading rates. The basic pattern
of results found when subjects read at self-paced rates were
replicated when a controlled pacing procedure was used. In
conjunction with the results of the questionnaire, these findings
support the argumect that subjects can be paced in reading at
norwal and skimming rates without serjous disruption of regular
reading processes. The use of a third reading rate provided an
indication of the effects of skimming at a rate beyond that of

careful skissing. Even at 600 wpm subjects successfully formed

ucture rep: ons of the stories.
The effects of alternating case were generally detrimental

as recognition performance was higher for subjects who read

norwally typed stories thau for subjects who read stories typed
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in alternating case. There was a tendency for the effect of
alternating case on recognition of narrative statements to be
greater in the skimming condition than in the normal rate
condition, but there was no effect at all iy the fast skimming
condition. It appears that whea subjects are pressed to read at
600 wpm the ability to carefully process perceptual information
is sufficiently campromised that use of alternating éase did not
add a significant burden. Subjects could revert to a rapid but
impoverished perceptual processing strategy or a more selective
one in which certain parts of a story were read carefully. In the
latter instance alternating case would not have a great effect
(Fisher, 1975; Fisher & Lefton, 1976). whatever the gemeral
processing strategy, subjects were capable of forming a
representation of a story that was characteristic of a
macrostructure, though not complete, even when a visually
unfamiliar typography was used. Clearly, even under rather
extreme circumstances subjects are well-egquipped to use
macro-operations to regulate processing of information extracted
from stories,

4 particularly interesting consequence of reading
alternating case was to amplify the effect of statement
importance for narratives as reading rate increased. Unlike
recognition of newspaper statements, the narrative
microstatements showed a steeper decline as a function of reading
rate than did inferences or macrostatements in the alternating

case condition. For narratives, subjects were not as successful

at processing detailed information as they were ‘or newspaper

stories. The cause of this difference may 1ie in the different
length and structural properties of the two story types and in
the  flexibility of allocating processing resources during
reading. In newspaper stores the more important information is
located early in the stories and the length of the stories used
in the experiment was relatively short. Subjects could more
easily select and process important information in this situation
then go on to deal with the wimportant details later in the
story. Even when the use of alternating case created excessive
demands on processing capacity subjects could still be confident
that the critically impcrtant inforwation had been processed once
the early part of the story had been read. Leas concentrated
processing would then be devoted to the remainder of the stery
without fear of missing critical information. In the narratives,
however, the length was greater and the important inforwmation in
narratives can be scattered throughout. In the situation of
sidoming narratives in alternating case, subjects may have had
time and processing resources enough only to survey the whole
story, concentrating on important information and allowing
unimportant details only ninimal processing. Thus, as rate
increased, differential processing was maximjzed and processing
of microstatements decreased markedly. The aspecific effects of
alternating case on processing of narratives and newspaper

stories point up the flexibility of resource allocation and the

different widerlying story structures and awareness of these




126

differences appears to be part of the subjects' story schemata.
[Beaction time for nits. Reaction time data were prepared and
analyzed in the same way as they were for Experiment 1, The mean
time taken to verify true statemzests is shown in Figure 13. An
analysis of these reaction times found that the shorter newspaper
statements were veriffed faster (4.171) than the narrative
statements (5.269), F (1, 174) = 157.75, ﬁﬁs = 2,064, The effect
of story type became more pronounced as reading rate increased,
as rate and story type interacted, F (2, 174) = 5.0’1,&3 =
2.064. The different statement types differed in time required
for verification, £ (2, 348) = 11.25, m& = 0.804, A Newman-Keuls
test found that reaction time for microstatements (4.838) and
inferences (4.782) did not reliably differ while both were
significantly longer than reaction time for macrostatements
(4.540). The effect of statement type interacted with reading
rate and case, F (4, 348) = 2.77, jﬁs = 0.804. This interaction
can be interpreted in terms of deviations from the pattern of
statement effects just described. For the normal case condition,
reaction time to microstatements for fast skimming subjects was
especially high, and for the alternating case condition, normal
rate subjects responded especially slowly to inferences while
skimming subjects were almost as fast on inferences as
macrostatements. Two other interactions involving rate, story and
statement type approached significance but both represented

elaborations of the significant interactiom without contributing

further insight and will, therefore, not be described.

REACTION TIME (SEC)

Figure 13.
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The time taken to verify statewents in the reaning test did
not counsistently vary with reading rate. In general, even when
subjects sida they can respond to test statements swiftly on the
basis of the general macrostructure representation they have
forwed. The increase in the story type effect may be tied to
statement  length, but also to the greater recognition of
narrative statements, Subjects may be more careful in their
responses to narrative statements due to the greater amount of
information and interrelationship of story elements found in  the
longer stories. The statement type effect may partially reflect
differences in materials, but the flnding that macrostatements
are responded to more quickly is consistent with their critical
role in the macrostructure, while the slower response times for
inferencea probably reflects lack of prior processing of any
surface representation of the inferred {nformation. The slower
response to inferences was accentusted in the normal reading rate
condition when alternating case was used, suggesting that
subjects may have been particularly reliant on surface structure
processing when dealing with alternating case at a slow reading
rate {cf. Masson & Sala, 1978). In the skdmming condition,
however, reaction to any important information was rapid and
inferences were responded to quickly. Part of this effect could
te due to a speeded reading set, as more careful consideration of
test statements among subjects 1in the fast skimming condition
once again elevated reaction time to inferences. In reading

normal case, fast skimming subjects were able to process
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@icrostatements to a limited extent as these subjects' reactioa

time to microstatements was particularly high.

HBeaction time for correct rejections. The mean time taken to
correctly reject false statements is presented in Figure t4. The
analysis of these reaction times found the usual effect of faster
respouding to newspaper statements (4.€27) than to narrative

statements (5.812), F a, 174) = 208.75, hi‘ = 1.818. The efrect

of statement type also was reliable, F (2, 348) = 35.87, H3
1.185, and a Newman-Keuls test showed that macrostatements
required significantly wmore time for rejection (5.495) than
microstatements  (5.329) ang both explicit statement types
required far more time than inferences {4.834). statement and
story type interacted, F (2, 348) = 7.0%, ﬁS& = 1.057, and
subsidiary analyses of each story type indicated that while
narrative statements followed the described pattern, newspaper
micro- and macrostatements switched pasitions.

There are two general outcomes in  the correct rejection
reaction  time data that are consistent with findings in
Experiment 1. First, time taken to reject statements is greater

than verification time, ng a more

ve search
before a rejection can be made, Second, falss inferences are
rejected more rapidly than any other statement type. This result
is large and consistent enought to support argurents about
processing and wmemory effects rather than stimulus selection

artifact explanations, The more rapld rejection of false

inferences probably was due to the lack of prior experience with
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Figure 14, Mean reaction time on correct rejections on meaning
test in Experiment 2 (N = Norwal; S = Skim; F = Fast Skim).

a test inference's surface structure and the statement's lack of
accurate information reievant to the story did not encourage very
close checidng of the inference with the memory representation of
the story.

Reaction time for false alarms. The mean reaction time for
false alarms is shown in Figure 15. An analysis of variance of
these data showed that as reading rate increased time taken to
make a [false alarm decreased, F (2, 174) = 3.52, lﬁg = 8.562. A
Newman-Keuls test showed that reaction time in the normal reading
rate codition was slower (6.040) than in the skimming (5.546)
and fast sikdmming (5.531) conditions which did not differ
reliably from each other. Newspaper statements were responded to
more rapidly (5.149) than narrative statements (6.262),
E (1, 174) = 108.32, M3, - 3.088. Reading rate and case
interacted, E (2, 174) = 4.60, m—q = 8,562, indicating that when
the normal reading rate was in effect subjects who read
alternating case responded more slowly than subjects who read
normal case, but at the fast skimming rate and especially the
skimming rate subjects who read alternatiig case responded more
rapidly. while the statement type wain effect was not reliable
this factor interacted with reading rate, F (4, 3u48) = 4.53, his
= 3.156, and with case, F (2, 348) = 3.06, Lﬁg = 3.156. The
interaction of atatement type and reading rate reaulted from a
faster response to macrostatements at the normal rate and a

decrease in this effect as rate increased up to fast skimming

where little, if any, statement differences were found. The
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statement type interaction with case showed that the effect of
alternating case on false alarm reaction time was largest in
reducing response time for macrostatements and almost nonexistent

for wmicrostatements. The interaction involving story and

statement type was reltable, F (2, 348) = 3.50, mﬁ = 3.379,
indicating that the idiosyncratic pattern of reaction time for
different statement types varied across the two types of stories,
Story and statement type further interacted with reading rate,
E (4, 348) = 2.49, his = 3.379. Subsidiary analyses of each story
type showed that for narratives, macrostatements were responded
to more rapidly than other statements but that this effect
diminished as reading rate increased. No main effect or
interaction involving statement type was significant in the
analysis of newspaper statement responses.

The time taken to respond when subjects made false alarms
was affected primarily by reading rate and case. Unlike
Experiment 1, there was no consistent -efrect of statement type
suggesting that interactions involving this variable were the
result of material selectiom artifacts or the problem of inflated
effects due to many subjects not wmaking any false alarms to
certain statement types and being assigned the cell wmean instead.
Any interactions involving statement type were characterized by
reduced statement type effects as reading rate increased,
concomitant with a smaller proportion of subjects failing to make

at least one false alarm. The interaction between rate and case,

however, suggests that subjects who read at normal speeds were



able to establish a memory representation with confidence and any
false alarms were the result of relatively long deliberation.
When sutjects skiomed the stories less certainty about
representations in memory was possible, particularly when
alternating case was used, and reasonable (but actually false)
statements were accepted as valid rather than rejécted on the
basis of incowplete imowledge. A review of Table V confirms this
general trend as increases in reading rate and the use of
alternating case had proportionally greater effects on false
alarms than on hits.

Reaction time for misses. The seans for time taken in
fafling to verify a true statement are shown in Figure 16. The
analysis of these reaction Q.mea showed that the only reliable
main effect was story type, with newspaper statements responded
to more rapldly (#.869) than narrative statements (6.349),
E (1, 178) = 185.76, xﬁg = 3.186. There was a reliable
interaction lavolving reading rate and case, F (2, 174) = 7.09,
m_g = 5.883, Reaction time for subjects who read alternating case
was greater than for subjects who read pormal case when the
normal reading rate was in effect, but when the skimming rate was
used the reverse was true, ard at the fast skieming rate there
was no large difference due to case. The interaction between
story and statement type was significant, f (2, 348) = 9.77, lﬁs
= 2.692, representing what 1s provadbly an effect due to selection

of materials rather than processing differences between

narratives o and  newspaper stories., Four other interactions
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Experiment 2 (N = Normal; S = Skim; F = Fast Skim).




136

approached significance, but once again the high incidence of
subjects not missing any true statements of a particular type
suggests that these effects may well be artifactual.

As with reaction times for false alarms, the effect of
alternating case varied with reading rate and was strongest in
the skimming coundition. In that condition, subjects were rather
fast in rejecting true statements compared to subjects who had
sikimmed normally typed stories. Skimming appeared to lead to less
certainty about resuiting memory representations, especially when
skimming alternating case, aud subjects rapidly rejected
unfamiliar statements even though they had occurred in a story
that was read. Part of this effect could be due to the speeded
reading set established during the paced reading procedure. The
effect could be particularly strong for subjects who read stories
in alternating case and on their test had their first opportunity
to read experimental materials in normal case.

Mewory for Surface Structure

Becognition perforpance. Hit and false alarm rates were
calculated for each subject's performance on each statement type
on the surface test. The mean hit and false alarm rates are
presented in Table VI. A set of d' scores was also calculated for
each subject and the mean d' scores are shown ir Figure 17, #An
analysis of the d' scores showed that, in general, time of test
{immediate or delay) had no consistent or interpretable effect on

performance and was, therefore, unot included in the analyses

reported here. As reading rate increased, surface gemory

TABLE VI

MEAN HIT AND FALSE ALARM RATES ON SURFACE TEST IN EXPERIMENT 2

Case Story Type Reading Statement Type®
Rate

Mac. Mic.
[T A TOR Y
Norwal Narrative  Normal .18 .58 .83 .se
Normal Narrative  Skim W73 .53 .69 .53
Normal Narrative Fast Skim -69 .54 .57 .52
Normal Newspaper  Normal 77 .48 64 .48
Normal Newspaper  Skim .67 .56 .53 .52
Normal Newspaper  Fast Skim .71 .59 .51 .s2
Alternating Narrative Normal JTE .62 T .52
Alternating Narrative Sikim b4 62 .53 .47
Alternating Narrative Fast Skdm .69 .55 .33 .47
Alternating Newspaper Normal .73 .54 .62 L3
Alternating Newspaper Sikim .61 .58 .54 .61
Alternating Newspaper Fast Skim .70 .62 .58 .48

3Mac. = Macrostatement; Mic. = Microstatement

PFa = False Alarm




138

0.7 NARRATIVES NEWSPAPER STORIES

-~
L] 6.5
At
0.3 81 noRmaL
z o N .. _.® CASE
o 0.1 =
E O MACROSTATEMENT |
S 0.1} + MICROSTATEMENT
o ——
o Q.5 |
S} j
u 0.3 ALTER-
o NATING
b4 . CASE
= -0.1
=

S F N s F

READING RATE

Flgure 17. Mean recognition performance on surface test jn
Experiment 2 (v Norwal; 5 Sidm; P = pag Skim) .
Significance of difference fyom zero

performance decreased, £ @, 1y . 6.72, _ﬁs = 0.751. @

Newnan-Keuls test found that subjects in the normal reading rate

condition hag reliably greater recognition performance {0.82)

than subjects in the skimming (0.16) or fast skioming {0.18)

conditions, which did not Teliably differ froz one another,

Subjects reading normal case had higher recognition perforzance

(0.32) than subjects who reaq alternatlng case (0.13), E O, e
= 4,50, us_{ = 0.751. No other effects approached aignificance,

As in Experiment 1, surface memory deteriorated as reading
rate hmreaaed, adding Support to the hypothesis that when
Judbjects sidm they are not able to fully Process surface
structure. In fact, peformance on the surface memory  test was
rarely above ochance, especially in the fast sidmming condition.
The effect of alternating case Was to further decrease ability to

fully process surface structure, ag evidenced by  lower

recognition performance among subjects who read altez‘nating case.

In those situations where surface structure was uot processed to
any great extent, subjects probably had to rely to

extent on their own lmowledge about the story's conten
Tequired to foru a cawprehensible Fepresentation on the basis or

partial information and  predictive reading processes. Skimming

generally led to decreased surface Processing because of lack of
available tige. Fartic\darly in the fast skimming conditions, the

feasibility or devoting time ang cognitive resources to the

complete processing of swurface structure would be extremely low,

father,  supjects would need to develop a wmore selective
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%1
processing strategy, causing performaace on a test for memory of
detailed surface information to ce guite low. The further effect
of alternating case was to reduce the efficiency of surface
processing by interfering with whole word visual identification
processes. Less efficient decoding processes would be more costly NARRATIVES NEWSPAPER STORIES
in terms of time, and full decoding of surface structure would be 78
less common. Only enough inforwation for development of a %) 8 h9\9__7—4 1
w 5.5 e+ 4 NoRMAL
ucture-1ike repr on would be extracted with the 9 . CASE
detatls of & sentence’s suface strusture receiving minizal wo VT 0 mcrosTATENDIT ]
attention. E 3.5 -r ; 4 ' ]
Beaction time for hita. The mean reaction time in verifying = 751 1
true statements is shown in Figure 18. The analysis of these data 8 6.5+ 1 ﬁkﬁﬁ&
showed only that newspaper statements were verified more rapidly (&’ 5.5 -&VA \q/‘ CASE
(4.991) than marrative statements (5.775), E (1, 174) = 24.21, & 4.5 T
HS, = 4.575. No. other effects approached significance. No effect 3.5 3 t - t t
of reading rate was observed, as subjects were able to verify .
correctness of surface form just as rapidly after they had READING RATE
sidmmed stories as after they had read them at a normal rate.
. Whatever imowledge abtout surface structure that achieved
representation in memory could be rapidly accessed regardless of
skimming rate or typography used during reading. Figure 18. Mean reaction time on hits on surface test in

Experiment 2 (N = Normal; S = Skim; F = Fast Skim).
Reaction time for correct rejections. The mean reaction

times for correct rejecticuns are shown in Figure 19. An analysis
of variance of these data found that newspaper statements were

responded to more quickly (6.065) than narrative statements

(7.195), F (1, 174) = 62.31, mg N

= 3.689. This effect varied with
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Figure 19. Mean reaction time on correct rejections on surface
test in Experiment 2 (N = Normal; S = Skim; F = Fast Skim).
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case, E (1, 174) = b.80, fﬁs = 3.689, and with reading rate and
case, E {2, 1T4) = 4.73, H& = 3.669.
reaction time for narrative and newspaper statements were carried

Separate analyses of

out to aid in the interpretation of these interactions. The

analysis of narratives found that responses in the normal case

condition took longer (7.526) than responses in the alternating

case condition (6.863), E (1, 174) = 5.19, ﬂsﬁ = T.607. This

effect appeared, however, only in the skimming condition as rate
and case interacted, F (2, 174) = 3.75, B, = 7.607.
analysis of newspaper statements it was found that as reading

In the

rate increased, reaction tize decreased, p 2, 178y = 3.15, m: =
5.228. A Newman-Reuls test found that only the normal and fast
skimming conditions differed reliably. There was also a
significant effect of statement type as wacrostatements were
responded to wmore rapidly (5.865) than microstatements (6.264),
E (1, 178) = 3.86, lﬁg = 3.697. This effect held only in the
skirming condition as the interaction between reading rate and
statement type was reliable, E (2, 17%) = 4.00, m} = 3.697.

The reaction time data for correct rejections must be
interpreted with respect to thoase conditions that ylelded above
versus below chance recognition performance. In general, the
observed interactions were due to effects in the skimeing
condition where speeded reading sets have been observed
previously, Moreover, these effects involve comparison of
reaction tiwe to a type of statement that was below chance

recognition performance with that of a statement type that was




ke

14y

above chance on the recognition test. The fact that differences

were observed could easily te due to strategic decisions on the
part of subjects which are depencent on the existence or
nonexistence of a reliable memory representation of surface

atructure information. As such, the correct rejection reaction

]
effects were offset by a four-way interaction involving reading

s NARRATIVES NEWSPAPER STORIES
time effects reflect the recognition performance results rather
than provide further direct information about processing and 8 7 T E
ul 6 I
memory. \(,-—)I 7‘\; NORMAL
Ci
Beactdon time [for false alarms. The mean reaction time for W s r B ASE
false alarws is shown in Figure 20. The analysis of these = 4t ]
[t t $ 14 + —t
reaction times revealed the usual effect of faster responses to =z 8 F d
0 S
newspaper statements (5.520) than to narrative statements f—Q— 7 + :?(C;sgsagngm -
(6.473), E (1, 174) = 37.78, MS_ = 4.328. Macrostatements were 3] 6 b RCTER-
‘e < 4 naTING
responded to more rapidly (5.805) than microstatements (6.188), LleJ o | \ CASE
E €1, 114 = 9.71, M3, = 2.719. There was a reliadle interaction 4 Ly 4
+ 4t ¥
of story type and case, F (1, 174) = 8.40, NS = 4.328. These N s F N s F

READING RATE
rate, case, story and statement type, F (2, 1T4) = 3.95, u&s z
3.741. In order to interpret the four-way interaction, separate
analyses of each of the four combinations of story type and case

were conducted. As expected from Figure 20, the combination of I-?igure 20, Mean reaction time on false alarms on surface test 1n
newspaper statements and normal case and of narrative statements Experiment 2 (N = Normal; S = Skim; F = Fast Skia) .

and  alternating case produced no significant effects. The

analysis of narrative statements and norwal case found a tendency

for statesent type and rate to interact. £ (2, 87) = 2.83, }ﬁg =

3.37%, p < .07, and the analysis of newspdper statements 1in the
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alternating  case condition found that racrostatements were
responded to more quickly than microstatements, ¥ (1, 87) = 8.33,
MSS = 3.268.
The effects of false alarm reaction times in the surface
test must also oe interpreted in terms of level of recognition NARRATIVES NEWSPAPER STORIES
8 —e
performance. The effect in the narrative-normal case condition is
~ 7+ 1
clearly due to an advantage of Tacrostatements on speed when the (8]
w 6 F - NORMAL
skioming rate was used. In this case, the subjects were rather wn CASE
~ k.
uick in making false alarms when presented paraphrase w 5r
Tacrostatements. The reaction time advantage of macrostatements E 4r ~ §
held across all reading rates in the newspaper-alternating case 8 I 1
3 O MACROSTATEMENT
condition. These effects indicate a greater readiness to accept P I \\4& + MICROSTATEMENT -
ALTER-
as true, information about statements more central to a story's L<) 6 T NATING
ul 5 M CASE
gist. 4
Beaction tise for misses. The mean time taken whem subjects 4 — S. P t t
failed to verify a true statement is shown in Figure 21, Tne

analysis of these data fowmd only two reliable effects. As READING RATE

reading rate increased, reaction time cecreased, F (2, 174) =
8.65, B3, = 6.674. & Newnan-Keuls test showed that the reaction
time in the normal reading rate condition (6.742) was reliably
longer than in the sidwwing  ($5.9458) or fast skimming (5.846) Figure 21. Mean reaction time on wisses on surface test in

Experiment 2 (N = Normal; S = Skim; F = Fast Skim) .
conditions which did not reliably differ from each other. oOnce

again, newspaper statements were responded to more swiftly

(5.394) than narrative statements (6.974), £ (1, i74) = 112,49,

.B-S} = 3.948.

The effect

of reading rate on reaction time {s consistent
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with the idea that subjects in the skimming and fast skimming
conditions had a less embellished memory representation of the
stories. As a result, these subjects could more rapidly review
their lmowledge about a story and reject a statement that was not
comprehended and represented with respect to its original surface

structure.
Summary and Conclusions

The results of Experiment 2  served to  verify two
methodological aspects of the research reported here. First,
subjects' evaluations of their ability to effectively skim
stories in the experiment were reasonably consistent with memory
performance in that fast skimming reduced confidence in skimming
effectiveness and reduced actual memory perforzance (cf. Carver,
1973)}. Second, the overall degree of cousistency between
Experiments 1 and 2 in recognition performance validates the
pacing procedure as a method of controlling reading rate without
serious consequences for natural reading processes. beyond these
results the data demonstrated a number of other important points.
Subjects were able to successfully form macrostructure memory
representations of stories even when sikimming at 600 wpm and even
when reading alternating case. The use of alternating case,
however, did not go umnoticed as recognition performance was
lower when subjects read alternating case. The effect of
alternating case appeared to be most promounced in the skimming

condition. Furthermore, when subjects read narratives in
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alternating case, reading rate and statement type interacted: a

greater reduction in recognition of wmicrostatements than of

macrostatements or inferences was observed as reading rate
increased. True macrostatements were generally verified faster
than other statement types while false inferences were rejected
faster than other statements. Recognition of surface structure
suffered dadly as reading rate increased and dropped to chance
levels in some cases even in the skimming concition. Alternating
case 2150 had a detrimental effect on surface memory.

The formation of a story macrostructure in reading appears
to be a gemeral goal in reading. Subjects in Experiment 2
continued to show patterns of recognition that indicated a
@acrostructure, albeit incomplete, had been formed even wnder
adverse circumstances of rapid skimming and alternating case. In
fact, when these two elements were combined in reading
narratives, the distinction of important and wimportant
inforzation was accentuated: recognition of microstatements
declined more rapidly than recognition of important statements as
reading rate increased. That subjects did not show this effect in
their reading of newspaper stories suggests they were able to
make more efficient use of newspaper story structure to swiftly
ascertain the important points by concentrating processing
resources on information in the initial part of the story, and to
then read more detailed information with greater speed and a

smaller investment of processing resources, In reading the

narratives, subjects had to process the whole story for important




150

information rather than just the first part, as in newspaper
stories, and had little time for processing of details. In this
case, allocation of processing resources and time could not de
concentrated on a selected portion of the text but had to be
available at any time that an apparently important fact was
encountered. It would be a rare event for a significant amount of
resources to be allocated to processing of detail information.
The differential effects of narratives and newspaper stories
supports the suggestion (Thorndyke, 1979) that readers wmay
possess different story schemata for different kinds of stories.
At least subjects have imowledge about the characteristics of
different story types and can use this knowledge to streamline
processing and determine policies of resource allocation. whether
the inowledge forms a single schema or muitiple schemata is
another issue.

The effects of alternating case on comprehension and memory
were most pronounee;i in the skdmming condition, consistent with
the hypothesis that alternating case interferes with whole word
visual identification and that faster reading depends on whole
word processing to a greater degree than normal reading. At the
fast skimming rate, however, alternating case had no effect
implying either that whole word processing does not play an
important role in skimming at such high rates or that readers
were 3o pressured at the fast skimming rate that only processing

at a global level could be done accurately and allotment of

siznificant resources to detailed processing of surface structure
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was not feasible (alternating case would be expected to affect
detailed processing of surface structure). In fact, memory for
surface structure was guite poor in the fast skimming condition,
and was at or near chance level for almost all statement types
and experimental conditions. It is particularly interesting to

note that surface memory app d chance pe levels at

the skimming rate in the alternating case condition, while more
knowledge about surface structure was apparent in the normal case
condition. This result is consistent with the hypothesis that

controlled processing (Shiffrin & Schneider, 1977) of surface

e of ts during was not feasitie when
alternating case was used since decoding processes were less
efficient. whole word visual identification was disrupted and
subjects were less frequently able to completely process the
surface structure of statements. A partlal processing scheme
likely was in effect, in shich some part of a statement's surface
structure was processed in order to comprehend the important
{nformation contained in it. This processing would be highly
predictive and dependent on oinimal input from data driven
processes, As a result, processing of serantic information may
have been incomplete or incorrect as the reader relied heavily ou
prior imowledge about the story topic. The overall consequeuce
was lower performance on uwemory for wmeaning and memory for
surface structure teats, Despite the frequeacy of inaceurate or

incomplete processing, though, subjects were able to form a basic

macrostructure of stories they skimmed and this representation
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reflected at least part of the fundamental content of the
stories,

The reaction time data from the meaning test reveaied two
interesting effects. The time taken to verify macrostatements was
less than that required for inferences or microstatements,
indicatipg that macrostatements represented a eritical part of
macrostructure representations of stories. While inferences also
represented important information, the longer reaction time
suggests that they may not have been directly represented in
memory but rather the pieces of information required to draw an
inference wight have needed to be combined to verify the
inferential statement presented auring the test (of. hayes-Roth &
Walker, 1979; Reder, 1979). The other reaction time effect
pertains to ‘the fact that false inferences were rejected more
rapidly than false statements based on explicitly presented
information. False inferences could be more quickly rejected
because they dealt with important facts that likely would be a
basic part of a macrostructure and because an inference r"equlred
3subjects to combine these facts or to alter a fact in an
unacceptable way. Thus, the discrepancy between the false
inference and the macrostructure could be detected even as the
subject was first reading the statement. False statementa based
on explicitly presented information were fundamentally correct
except for one aspect of each statement and the correctness of
the majority of a statement's information probably prompted more

careful comparison with the Temory representation of the story.
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The general eonclusion from Experiment 2 is that subjects
are able to forw limited eacrostructure representations as they
read at very rapid Speeds and even when reading a typography that
interferes with efficient decoding processes. The problex of
reading under such circumstances appears to be solved by
implementation of a processing resource allocation policy of
which processing surface structure to a lesser degree and

increasing reliance on conceptually driven processes for

predictive reading and development of a Bacrostructure are
characteristic. To  the extent that the reader can read
predictively, sentence processing will be more efficient and the
long process and high resource requirements of detailed data
driven analysis can be de-emphasized. The reader can then form a
general macrostructure that is centered around important
information as defined by a story schema or imowledge of the
story's topic, although a price has been paid in terms of
completeness and accuracy of cne' macrostructure as a
representation of a story. Unlike a swmary given after normal
reading of a story, a macrostructure that results from  skimming
would be more likely to contain incorrect information even in
macropropositions due to the highly predictive nature of the
reading process and the slackening of constraints usually imposed
by data driven processes. Despite these deficiencies, a
reasonadly accurate macrostructure representation can be formed
while ‘sidaming,




CRAPTER IV
EXPERIMENT 3

In  Experiments 1 and 2 subjects were assigned the general
task of extracting important iuformation from stories while
reading at normwal or skimring rates. The task was, apparently,
not vaguely defined as subjects consistently formed
macrostructures that represented key information contained in the
stories. In Experiment 3 a more specific reading goal was
introduced, however, in order to observe how subjects normally
read and side for particular idnds of information. when required
to read a story for a certain type of ianformation subjects need
to use not only their knowledge about story structure but also
their knowledge about the target information so that selective
processing is a realistic possibility. A reader must be able to
establish expectations about the sorts of information to be
encountered while reading so that this information can rapidly be
processed and incorporated into a memory representation. If a
reader laiows little about a topic it will be more difficult both
to select and to form a representation of information relevant to
the topic.

Reading  stories from a particular perspective affects
comprehension and memory processes in a way that favors
information relevant to the chosen perspective. Processing of
inforwation relevant to a consistently maintained perspective is

Taster (Black, Turner, & Bower, 19T9) and leas resource-demanding
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(Cutler & Fodor, 1979) than processing of Irrelevant sentemces.
Relevant information is more likely to be retrieved from memory
after reading than is irrelevaut information {Anderson & Biddle,
1975; Anderson & Pichert, 1978; Pichert & Anderson, 1977;
Kozmiasky, 1977; Poulton, 1958). In fact, when subjects attempt
to recall statements that are inconsistent with the emphasized
perspective, errors are made that make the recalled information
more cousistent with the perspective (Black et al., 1979).
Although retrieval from wmemory 1s blased in favor of relevant
information, at least part of the effect is due to a prodblem of
information access rather than availability in the memory
representation. Anderson and Pichert (1978) demonstrated that
subjects could be prompted to recall more irrelevant information
from a story that had beem read if they were given a deseriptive
title that was relevamt to that information. Thus, while
irrelevant information may not occupy prime locations in a memory
representation of a text, that information appears to be
processed and represented to at least some degree.

Experiment 3 was designed to further investigate the extent
to wnich relevant and irrelevant irformation is processed and
represented in wmemory when subjects read stories from specific
perspectives. It was especially important to determine how, or
even if, differential processing of relevant information is
achieved while skimming. Carver (1977) has claimed that at a

variety of reading rates little- effect on the camprehension

process 1s to be found as a function of the reader's purpose.
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Certaicly the research discussed in Chapter I concerning the

flexibility of the reading process argues against Carver's

position as do the results concerning effects of relevance on

recall. The issue of whether selective processing occurs during

increased reading rates remains, however, as previous work on

effects of relevance has not inciuded reading rate variables. It

s possidle, for example, that when subjects skim miterial they

cannot effectively process relevant and  irrelevant {information

differentially. Time pressures may force inadequate processing of

relevant information as subjects eust move on to Ffind new

relevant information once a relevant statement has received

minimal processing. Minimal processing would also be devoted to

irrelevant statements in order to reject them as not pertinent to

the reader's goal. Unless the reader is able to process relevant

statements more elaborately and ineorporate them into a memory

structure based on his or her goal, effects of relevance on

comprehension and memory will be modest.

T™e manipulation of typographical case was also included in

Experiment 3. It was found in Experiment 2 that reading

alternating case had a detrimental effect on memory for meaning

and surface structure, especially when subjects skimmed the

stories at a moderate rate. The effect appeared to be due to

interference with efficient decoding processes such as whole word

visual identification. Subjects were avle to form

Racrostructures, however, even when reading alternating case. The

issve in Experiment 3 was whether the coutrol processes and
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schemata involved in selective processing of relevant information
can operate as well as wmacro-operations under the demanding
conditions of alternating case. The process of forming
macrostructures may be inherent in the reading system and
relatively robust with respect to reasonable reading rate and
decoding constraints. On the other hand, processes involved in
selecting relevant inforwation to form the basis of a
comprehensible memory representation bilased in favor of a
particular perspective may be less well practiced. To the extent
that a reader is not practiced at reading particular kinds of
stories from specific perspectives, each new combination of story
and perspective is a new situation requiring possibly
infrequently occuring combinations of schemata in carprehension
and formation of 2 wemory representation. A greater degree of
attention would be required to selectively process the relevant
information than ‘would be required to carry out a reading task
t‘);at merely involved formation of a macrostructure. Consequently,
the added demands on processing resources and attention
introduced by the use of alternating case might have the effect
of causing selective processing of relevant inforwation to fail.
when sidoming, subjects may be forced to attend to processing of
surface structure to such a degree that not sufficient attention
or cognitive resources (Kahneman, 1973; Norman & Bobrow, 1975)
would be available for use in gulding the interaction of schemata

controlling selection of relevant iaformation and its

incorporation into a developing memory structure. The consequence
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for resulting memory representations would be that supiects would
include both relevant and irrelevast information in their
representations. A recognition test was used to examine subjects'
mewory representations of stories so that a sensitive estimate of
the relative availability of relevant and irrelevant information
could be obtained without the strong constraints of retrieval
biases that likely would be operating in a recall test (cof.
Anderson & Pichert, 1978).

Finally, an effort was made 1in Experiment 3 to obtain
information about reading strategies that subjects use when their
task 1is to skim rather than carefully read a story. The
questionnaire administered to subjects upon campletion of tre
memory tests asked for a description of the subjects' skimming
strategies that were normally used outside the laboratory and
those subjects in the sidmming conditions were also asked whether
and how their usual skimming strategies differed from those used
in the experiment. It was hoped that these descriptions of
skimaing strategies would provide a general indication of how
subjects believe they go about successful skimming and of how
skimming strategies are adjusted to meet various experimental
demands,

The fact that relevant information was defined by an
arbitrary perspective and that the statements relevant to the
1s3igned perspective were embedded arong irrelevant statements
@ay serve to reduce relevance effects reiative to what might be

nbtained if more distinctive definitions of relevance and textual
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cues such as headings were used to gulde selection of relevant
information. The results of kxperiment 3 should be interpreted in

light of this consideration.

Method

Sublects

The subjects in Experiment 3 were 192 students recruited and
assigned to experimental conditions in the same mamner as in
Experiments 1 and 2. There were 32 subjects assigned to each of
the six cawbinations of reading rate and typographical case,
Haterials

The 500-word narrative used in the preliminary reading task
in Experiments 1 and 2 was used in Experiment 3 as well. Four
other narratives of about 355 words each were developed for use
in the experiment proper. Two of the stories were used by Pichert
and  Anderson (1977) and the other two were used by Kozminsky
€977, Th‘ese stories were selected because they could be read
from at least two different perspectives depending on the
specific title that preceded the story. The four stories were
altered by adding or deleting material to make them conform to
the length restriction. In addition, two practice stories were
selected and prepared so as to meet the length restriction
imposed on the critical stories, An arbitrary title was assigned
to each practice story.

A set of test statements was developed for sach of the

critical stories, with half of the statements in each set
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selected  to be relevant to one possible perspective of the story
and the other half relevant to the other possible perspective.
For the Pichert and Anderson stories relevance was determined by
fairly obvious intuitions about which statesents would be closely
related to specific perspectives., For the Komminsky stories
relevance was determined by his the recall protocols generated by
his subjects. Statements recalled most often when a particular
perspective was suggested before reading the story were taken as
relevant to that perspective, In this way 16 statements were
selected from each story, with eight relevant to one of a story's
two perspectives, Each subset of eight statements was further
divided into two groups of four statements. One group of four
statements camprised the true statement test set and the other
group of four formed the false statement test set. Each of the
statements assigned to false statement test sets was rewritten in
two versions as in Experiment 1, with one version semantically
the same as the original but altered in surface form and the
other version similar to the original in surface form but altered
s0 as to be false with respect to the original statement’s
meaning. Statements written in paraphrase version were used in
the aurface memory test and those written with basic semantic
alterations were used in the memory for meaning test.

Thus, 24 test sentences were developed for each critical
story. Eight statements formed the true test set with each half
relevant to a different one of the two possible perspectives.

Eight statements formed the paraphrase set for the surface test
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witn each half relevant to a different perspective. The last
eight statements formed the false set for the meaning test with
each half relevant to a differeut perspective. An example of ore
of the critical stories, its two perspective-inducing
descriptions, and the correspouding set of test statements are
presented in Appendix b. The mean number of words in each of the
true statements was 10,5, the mean for the paraphrase statements
was 9.6, and the mean for the semantically false statements was
9.5.

The four critical and two practice stories were typed single
spaced, right and left justified, on separate pages. A general,
neutral title was typed centered at the top of each story page.
Two title pages for each critical story were prepared with the
title and one of the perspective-inducing descriptions typed
centered on each. One title page was similarly prepared for each
practice story. Enough coples of title and story pages were
produced to form 16 story booklets. Eight booklets contained one
set of perspectives while the other eight contained the other
set. Each group of eight booklets was arranged to represent the
eight different orderings of stories generated by the following
counterbalancing scheme, Four booklets represented ail four
possible orderings of stories with the restrictions that the
Kozminsky stories occurred in the first aund fourth positioas and
the Pichert and Anderson stories occurred in the second and third

positions. Four booklets represented all four possible orderings

with the reverse set of restrictions. Thus, eight counterbalanced
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orderings of stories were produced and assigoing the two
Qifferent sets of perspectives to each ordering produced 16 story
booklets. T™he vooklets were arranged so that the two practice
Stories appeared first, then the four critical stories in proper
order. The appropriate title Page appeared before each story and
@ blank colored page was inserted in front of and vehind each
title page. Another set of 16 story booklets was prepared in the
same way, except that the text of each Story was typed in
alternating case as in Experiment 2. In total, 32 story booklets
were prepared. A page sumnarizing the instructions for reading
the stories was appended to the front of each booklet .
Lesian

A3 X2X2uixed factorial design was used for the meaning
and surface tests, Reading rate (norwal, sidmming, and fast
skimming) and typographical case (normal and alternating) were
tetween-subject  factors, and  statement type (relevant and
irrelevant) was a withiu-subject factor.
Lrocegure

Subjects participated in BTOUPS ranging in size from one to
six, As  in Experiments 1 apq 2. each subject began the
experimental session by reading the practice narrative. when this
task was carpleted the materials were collected and the sudjects
were told ‘that in the next part of the experiment they would be
required to read a set of stories at 2 fixed rate of speeq. The
instructions and procedure for the reading phase were sim{lar to

those used in Experiment 2, except that Auvjects were tola to
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read each story from a particular perspective. It was emphasized
that subjects should try to derive from each story information
relevant to the given perspective, The recorded pacing tapes were
constructed as in Experiment 2, They were set for reading rates
of 225 wpm, 375 wpm, and 600 wpm. The cue word “hext* prompted
subjects to turn to and read the title page of the next story.
After 5 sec the cue word "Start® prompted the subjects to turs to
the story page an¢ begin reading. & period of 5 sec was inserted
at the end of each story.

At the end of the reading phase subjects were tested in the
same manner as in Experiments 1 ang 2. T™he test instructions did
not mention anything about infecences as none were tested.
Otherwise, the instructions basically were the same as those used
in earlier experimcerds: Test statements from the fourth and then
the first eritical stories the subject read were tested in the
surface test then the statements from the second and then the
third stories were tested in the meaning test. as in Experiments
1 and 2, all test statements for a parttcular story were testea
consecutively 1in a randem order and preceded by a message
containing the story title.

When the subject finished the test phase he or she filled
out the questionnaire used in the rirst two experiments. In
addition, this Questionnaire included two final questions. The
first asked the subject to briefly descrive the method he or she
norwally uses to skim material outside the laboratory. The other

question was relevant to aubjects in the skimming and fast




sidmoing conditions and asked whether subjects were able to

use

their normal skimming strategies in the experiment. If subjects
had altered thelr strategies they were also asked to describe how

their experimental strategy differed from their usual strategy.
Results and Discussion

Suestionnaire

As in Experiment 2, subjects in Experiment 3 were required
to read the critical stories at paced rates of speed rather than
at preferred reading rates. To check the representativeness of
subjects' reading behavior in Experiment 3 the answers to a
number of questionnaire items were analyzed. First, subjects’
comparisons of usual reading rates to rates used in the
experiment were examined, The percentage of subjects in each
experimental comdition claiming that the paced reading rate was
the same as, faster than, or alower than usual reading rates are
shown in Table VII. As in Experiment 2, subjects reading at the
normal rate generally felt they were reading at or slightly above
their normal rates, with a greater tendency among those subjects

who read alternating case to claim thal the pace was too fast. It

does appear, therefore, that the selected rate for normal reading

speed  repr s a ie timate of the sampled
population's normal reading rate. For subjects in the skimming
and fast skimming conditions there was nearly uniforw agreement

that the paced rates were too fast, This agreement seems to stem

from the same misinterpretation of the questionnaire item as that

TABLE VIT

SUMMARY OF RESPONSES T0 QUESTIONMAIRE ITEMS REGARDING
REACTION TO PACING PROCEDURE IN EXPERIMENT 3

Case Reading Rate Paced Reading Rate Experimental
Relative to Own Rate Skimming Success
(Percent of Subjects) Ratings
Same Fast Slow

Normal Normal 50 9 41 -

Norwal Skim 6 91 3 1.81

Normal Fast Skim [} 100 o 1.34

Alternating Normal 37 38 25 -

Altervating Skim 3 91 3 1.59

Alternatiog Fast Skim 0 100 0 o.u
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which occurred in Experiment 2. That is, most subjects in the
skimwing and fast skimming conditions probably campared the paced
rates to their usual norwal rates of speed. Thus, these subjects
2lmost always claimed that the paced rates were too fast.

A more valid estimate of the representativeness of

he
skineing and fast skimming rates of natural sideming rates can be
obtained by evaluating subjects® responses to the questiornaire
item asking how successful subjects believed they were in
extracting important information from the stories whiie sidaming
during the experiment. These responses were evaluated using the
same four-point scale as that used in the first two experiments.
The mean rated subjective success in selecting important
information while sidmming in the experiment 1s presented for
subjects in the siduming and fast sidoming conditions in Table
VII. The mean for subjects in the skimming condition who read
normally typed stories was 1.81, which is very close to the
overall wmean rating of Success while skimming outside the
laboratory (1.90) based on all aubjects in the experiment. e
subjects who read alternating case, however, did not show the
same degree of confidence in their success at selecting important
information while skimming in the experiment. The overall mean
for subjects sidoming or fast skimming normal case was 1.58,
while for subjects sidmming or fast sidmming alternating case the
mean was 1.00, This was a reliable difference, £ (1, 124) = 9.24,
K‘lﬁg = 1.158. Furthermore, subjects in the sidmming condition were

more confident 4in their skimming succeas (1.70) than were
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subjects in the fast skieming condition (0.88), F (1, 128) =

18.96, ‘!ﬁg = 1.158. “he interaction between rate and case
approached significance, f (1, 124) = 3.57, jﬁs = 1.158, p < .06.
The interaction indicates that there was a tendency for the
detrimental effect of reading alternating case to be stronger
among  subjects in the fast skimming condition. Thus, the
subjective ratings of skinming success indicate that at least for
noreally typed stories the rate of 375 wpm is a representative
sidmming rate for suwbjects in Experiment 3, while the rate of 600
Wpe was apparently beyond usual effective skimming rates. As in
Experiment 2, these are the roles that the sidewing and fast
skimming rates were meant to play.

Regarding responses to questionnaire items pertaining to
subjects' sidmming habits outside the laboratory, the mean
estimate of percentage of total reading time that is spent
skimming was 33%, with a range of 0-95%. The most commonly
mentioned materials that subjects skim are newspaper and
magazines, as 30% of the aubjects claimed to skim oue or both of
these types of material. Parts of college work were wmentioned by
16% of the subjects as wmaterials for siimming. As in the first
two experiments, a number or other types of material were
mentioned idiosyncratically. As mentioned earlier, the mean
estimate of these subjects' confidence 1in their succeas 1n
selecting important information while sidoming on their own was

1.90 on the four-point scals used  in  the earlier experiments.

Thizs  {ndicates a reasonably high level of confidence in




effectiveness of sidaming.

Of the subjects in kxperiment 3, 203 indicated that they had
received some form of training in irproving reading speed. Among
these subjects the wmean rating of confidence in success while
skimning outside the laboratory was 1.86, very close to the
overall mean rating. With respect to these subjects’ confidence
in the effectiveness of their skiaming stories in the experiment,
those who were paced at 375 wpm (N = 12) had a mean rating of
2.67, anc those paced at 600 wpn (N = 15) had a mean rating of
0.93. This difference was highly reliable, F (1, 25) = 25.55, fﬁg
= 0.784, indicating that even for those subjects who have
received training in speeded reading, the rate of 600 wpm was too
fast to allow effective selection of important information.

Finally, subjects' responses to the questiounaire items
regarding skimming strategies were very revealing. Descriptions
of skimmlng methods used while sidmaing outside the laboratory
fell into three general categories. The most commonly wmentioned
strategy involved some form of selective siduming such as reading
particular paragraphs or sentences, searching for key words,
reading important points carefully, or reading headings. Of the
188 subjects responding to the questions on skimming methods, 79%
stated that they used some forw of selective strategy. Glancing
over all words, or simply reading everything faster than usual
¥as a ostrategy wmentioned by 103 of the subjects. Another 73 of
the subjects claimed to use the method of skipping over various

parts (words, sentences, etc.) of a text indiscriminantly or in a
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structural pattern without regard to semantic content in an
effort to obtain the gist. Only 4% of the subjects stated that
they use a method that involves perceiving chunks of information
(sentences or phrases) simultaneously. Two subjects specifically
wentioned that they did not subvocalize while skioming. Of those
subjects claiming to use a selective siimming strategy, 533 based
selection on certain words that are important or relevant to
goals in skimming and then read contiguous words, 183 selected
only specific sentences or paragraphs in certain locations in the
text {e.g., first and last) to read carefully, and 29% mixed the
two strategies by reading particular sentences or paragraphs
carefully and skimming the remaining material for important
points, When  subjects in the siimming and fast askimming
conditions were asked if the sidmming strategies they used in the
experiment differed from their usual methods, almost all subjects
gave responses indicating that there was no fundamental change,
that the rate was faster, or that the alternating case made the
task more difficult, None of the subjects who read normal case in
the siimming condition stated that thelr skimeing strategy had
changed fundamentally. Three subjects in the skimeing condition
who read altermating case described fundamental changes in their
skimming strategies. One subject who selected specific senteuces
or paragraphs for careful reading and one subject who skipped
material without regard to content changed to the method of

selecting key words. One subject who read chunks simultaneously

changed to the method of swiftly glancing over the whole text.




Five fast skimeing subjects who read rnormal 2ase claimed that

their skimming methods changed. Two changed froa a mixture of
selecting ey words and specific sentences or paragraphs to a
strategy of selecting only key words. (ue changed from the mixea
selection strategy to selecting only specific sentences or
paragraphs. One subject who ordinarily selected key words changed
to rapidly glancing over the whole text, and one subject made the
reverse awitching of strategies. In the fast skioming of
alternating case condition, only one subject claimed ta have
altered skimming strategies and this was a change from selecting
specific sentences to selecting key words.

Four general conclusions can be drawn from the results of
the questionnaire: (a) the extra-experimental skimming practices
of subjects in Experiment 3 are very similar to those of subjects
in Experiments 1 and 2, (b) the paced normal and sikimming rates
appeared to be representative of the subjects' wusual rates and
subjects, for the most part, were able to maintain their basic
reading strategies, while the fast sidmming rate was beyond
comfortable skimming rates, (c) the use of alternating case
reduced suwjects’ confidence in their success at siimming for
relevant information during the experiment, and (d) the most
common skdmming strategies involve selection of certain aspects
of the text such as key words or untenc‘es in particular
locations in the text and when pressured by time or the use of
alternating case those subjects who alter their skimming
strategies most often change to the method of selecting key words

7

and reading contiguous information. These conclusions encourage
the assumption that subjects reading normal case at the normal or
skirming rates were acle to maintain their usual reading
strategies and were reading at rates close to their usual speeds
for normal reading and skimming. The pacing procedure, then, did
not appear to severly alter usual reading processes and the
selected rates were representative of nomal, sidmsing, and fast
skimming rates ordinarily used by these subjects.

Megory for Meaniug

Recognition perforwance. The mean proportion of hits ‘and
false alarms for relevant and irrelevant statements in the
meaning test are presented in Table VIII. Performance also was
characterized by calculating d' scores for each subject as in
Experiments 1 and 2. The mean d' scores are presented 1in
Figure 22.

An analysis- of variance of d' scores was carried out with
reading rate (normal, skimming, and fast sidmming) and
typographical case (normal and alternating) as between-subject
factors and statement type (relevant and irrelevant) as a ~
vithin-subject factor. The main effect of reading rate was
reliable, F (2, 186) = 28.93, m_' = 0.697, indicating that as
reading rate increased, recognition performance decreased. A
Newoan-Keuls test indicated that the mean d' score for the normal
reading rate condition (1.62) was significantly higher than for

the skimming condition (1.21) and each of these was reiliably

higher than the mean for the fast sidmming condition (0.83). The




MEAN BIT AND FALSE ALARM RATES ON MEANING TEST IN EXPERIMENT 3

TABLE VIII

Case Reading Rate Statement Type
Relevant Irrelevant
Hit Fa? Hit A
Normal Normal 83 .29 6 .28
Normal Skim 75 .30 5 R
Normal Fast Skie 70 .36 60 .39
Alternating Normwal 86 .19 .80 .27
Alternating  Skim LR 5 .35
Alternating Fast Skim 2 N 69 .39

2Fa = False Alare

NORMAL CASE ALTERNATING CASE
- 2.0
o
>
=z 1.6 ~
=
e
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] 12t i
o
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& 0.8} g
= 0 RELEVANT
= + IRRELEVANT
= 0.4 :
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READING RATE
Figure 22.

Mean recognition perforwance on meaning test as
a fuetion of relevance in Experiment 3 (N
S = Skim; F = Fast Skim).

= Normal;
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only other reliable effect was the main effect of statement type,

with recognition of relevant statements (1.30) significantly

higher than fecognition of irrelevant statements {1.14),
E (1, 186) = 4.78, }ﬁs = 0.551,

Despite the failure of any  interaction involving
typographical case to reach significance, Figure 22 suggests that
the effects of reading rate on the differential recognition of
relevant and irrelevant statements may depend on whether the
stories were typed normally or in alternating case. Two further
analyses of variance were calculated s0 that the possibility of
these differential effects could be more thoroughly investigated.

Separate analyses were carried out for subjects who read normally

typed stories and for those who read stories in alternating case.
In each analysis reading rate (norwal, skimming, and fast

skiaming) was a between-subject factor and statement type

(relevant and irrelevant) was a within-subject factor. Both
analyses found a reliable effect of reading rate and the patterns
of differences between means based on  Newman-Keuls tests

basically conformed to the pattern observed in the full analysis.

In  addition, the analysis involving subjects in the normal case

condition indicated that the effect of statement type approached

E (1, 93) = 3.2, B, = 0.677, < .07, witn
recognition of relevant statements (1,30)

significance,

greater  than

recognition of irrelevant statements (1.08)., The interaction

between rate and statement type was not retiavle (f < 1), On  the

other hand,

the analysis fuvolving subjects in the alternating

case condition did not reveal a main effect of statement type,
while the rate by statement type interaction approached
significance, F (2, 93) = 2.50, }ﬁs = 0.424, p < .09. This
interaction implies that subjects who read alternating case
better recognized relevant statements than irrelevant ones when
reading at normal speed, but when required to siim at any rate
reasonably beyond the norwal rate the superiority of relevant
statements was lost. The patterns of reading rate effects on the
recognition of relevant versus irrelevant statements apparent in
Figure 22 are, therefore, at least moderately supported by the
subsidiary analyses.

In Experiment 2 when subjects were required to read
narratives typed in alternating case it was found that as reading
rate increased, the superiority of recognition of inferences and
macrostatements over microstatements Ancreased. In contrast, when
subjects in Experiment 3 were required to read a different set of
narratives in a.h:ernaung‘ case and from specific perspectives,
the superiority of recognition of relevant statements over
irrelevant statements was eliminated. These disparate effects
could be due to the use of different waterials or subjects, or to
the intrcduction of a new task, namely, skimming for information
relevant to a given perspective. In order to Separate these
possibilities and to determine which wunderlies the differential
effect of rate on importance or relevance, a post hoc analysis
was carried out. The objective of this analysis was to select

®acro- and microstatements from among those statements used as
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o test items in Experiment 3. Recognition of these two statement

types as a function of reading rate and typographical case would
then be analyzed. If subjects show higher recognition of
macrostatements than of microstatements across all reading rates,
then it would be reasonable to conclude that the elimination of
the relevance effect among subjects reading alternating case was
not due to subjects or story materials. Rather, the elimination
of the relevance effect would be closely related to the
differences in tisk demands when instructed to read for the gist
of a story s opposed to reading for information relevant -to a
particular perspective. )

4 task of. selecting wacro- and microstatements fros  the
body | of test statements used in Experiment 3 was. accomplishéd by
cu:ax;‘xng importance ratings for each statement. Paraphrase and
false astatements were rewritten in their original forms for the
purpose of obtaining ratings. Ten sophistocated supjects (most of
whom ‘were graduate studanha.dln paychology) read Eacn st.ori; and
rated its ocorresponding set of test statements using the same
scale as that descrifed 1’ EXpeFimeht 1. Three sets of ratings
were obtained for each story. The first was based on a story's
gist and the other two ;lrc based on each of experimental
perspectives. The latter two sets of ratings basically agreed
u{}ln original r}irv;i; clasiiri;:acs;;ns without' providing strong
Mstinctions between imrortant wnd  wisportant  relevant
statements, for example, and will not be discussed further. The

rean rated general importance of each statement was computed, and
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on the basis of the six-point rating scale {1 = wimportant, 6 =
very important) statements were labeled as macrostaterzents,
microstatements, or neither. Statements with zean ratirgs of 4.5
or greater were classified as macrostatements and tpﬂse with a
mean rating of 3.5 or lower were classified as microstatements.
It was found that two of the stories, one taken from Pichert and
Anderson (1977) and one from Komminsky (1977), did not have any
;t;:e“ncs /’cn'a’r, were classifiable as wmacrostatements. These
stories appeared, therefore, to exhibit less than acceptable
amounts of n‘ax‘rat,j.ve structure and uo statements from these
stories were  used in'"the- post hoc analysis. From the two
remainiing ' stories ‘Six’ “true wmacrostatements, five true
microstatemernits, and Tfive false statements of each type were
nbiainsd. since éacn of tha’tvo remaining stories provided at
least two 'statements in each cell resulting from the combination
of statement type and truth value, and since each subject was
test‘ed on one of the two stories in the meaning test, it was
passible to include all subjects in the post hoc analysis, &
control analysis of recognition of relevant and irrelevant
statements based only on the two selected stories was carried
out, and the same pattern of results as those shown in Figure 22
was obtained.

The mean hit and false alarm rates on the selected macro-
and microstatements are shown in Table IX. Also, d' scores based

on hit and false alarm rates were calculated for each subject in

the same wanner as described for earlier experiments. The mean '
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TABLE IX

MEAN HIT AND FALSE ALARM RATES ON MEANING TEST AS A FUNCTION
OF POST ROC IMPORTANCE RAYINGS IN EXPERIMENT 3

HORMAL CASE ALTERNATING CASE
~ 1.3
Ee] O MACROSTATEMENT
~ 1.1 |+ MICROSTATEMENT E
Case Reading Rate Statement. Type. . =
Macrostat t M E 0.9 f |
Hit A2 Wit . FA 5 0.7 4
— o
R s
Normal Normal 90 L3R .66 .25 ut 0.5 1
Normal Skim 86 .29 65 .2k =
Norwal Fast Skim 79 .38 .55 R = 3t 2
Alternating  Normal 95 .25 2 .25 = 9.
Alternating  Skim .88 .39 .58 .34 3
Alternating  Fast Skim .98 RT3 .52 Ry 0.1 L + 41 +
N s FN, s F

READING RATE

%A = False Alarm

Figure 23. Mean recognition performance on meaning test as
a function of post hoe importance ratings in Experiment 3
(N = Normal; S = Skim; F = Fast Skim).
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scores are shown in Figure 23. An analysis of variance of the d'
scores was carried out including reading rate (normal, skimming,
and fast skimzing) and typographical case (normal and
alternating) as between-subject factors and statement  type
(macrostatewent and wmicrostatement) as a within-subject factor.
In the analysis the main effect of reading rate was reliable,
E (2, 186) = 10.99, MBS = 0.441. 4 Newnan-Keuls test indicated
that subjects reading at the normal rate had reliably higher
recognition (0.93) than did subjects in the sidmming condition
(0.74), and subjects in each of these two reading rate conditions
had reliably higher recognition than subjects in the fast
sideming  condition  (0.54). More important, recoguition of
macrostatements (0.98) was significantly higher than recognition
of microstatements (0.50), F (1, 186) = 43.87, ﬁs = 0.518. The
interaction involving rate and statement type was not reliable.
Finally, there was a significant interaction between reading rate
and  case, F (2, 186) = 3.27, }ﬁg = 0.441. This interaction
followed the same pattern as the rate by case interaction
described in Experiment 2, At the normal reading rate, case had a
mildly facilitative effect (of. Kolers, 1975b) on recogaition
(normal case = 0.86, alternating case = 1.00). Alternating case
was detrimeotal at the skimeming rate (norwal case = 0.87,
alternating case = 0.62) but had no effect at the fast skimming
rate f{rormal case = 0.50, alternating case = 0.59). Another way

“0 interpret this {uteraction is to consider the amount of

iecrement in  recoguition as reading rate increases. For normal

A3

case there was virtually no decrement as the rate increased from
rormal to sidmeing, but a rather large decrease in recognition
occurred when the rate reached fast sidmming. For alternating
case, however, a large decrease in recognition was found when the
rate changed from normwal to skimming and orly a small decrease
was observed when the rate was moved to fast skizeing, The
tendency for the decrease in recognition of meaning performance
as a function of reading rate to decline markedly at a lower
reading rate when alternating case was used was also found in
Experiment 2 and was apparent (though ot statistically
Supported) in the recognition of relevant and irrelevant
statements in Experiment 3., The consistency of this effect
suggests that a fundamental change 1in processing occurs when
subjects begin to skim alternatine, case. Specifically, it appears
that as soon as subjects skim, the role of whole word visual
identification processes is highlighted and any manipulation
(e.g., use of alternating case) that in:erfe-n: with these
processes will cause a general decrease in the completeness and
accuracy of a memory representation.

The results of the two sets of analyses of recognition of
meaning in Experiment 3 strongly argue in favor of the suggestion
that readers can more readily extract macrostructure information
from stories than they can selectively process statements
relevant to a given perspective. One probable cause of this

effect i3 the relative degree of resource requirements in reading

for zist compared to reading for particular kinds of iuformation.
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The processing dewanas appeared o be greater ii the task of
reading for particular kinds of information, as selective
processing was prevented when the added demands of alternating
case were {mposed. Notice that comprehension and recognition
degraded gracefully (Norman & Bobrow, 1975) and did not suffer a
complete breakdown as desands on resources exceeded readers’
proceasing capacities, Tt is as if the subjects found that the
task of decoding alternating case and reading from an assigned
perspective could not both be adeguately executed and they
therefare allocated processing resources (Navonm & Gopher, 1979)
in a way that would allow at least some information to be
decoded. That 1is, rather than attending to relevance to a great
extent, subjects processed information in a general way, forming
macrostructures and permitting selective processing of relevant
information to lapse. Resources for selection of relevant
information and development of a special caeprehension structure
based on that information were not available due to the added
demands ©of reading alternating case. In keeping with the
alternatives discussed by Navon and Gopher (1979), however, it is
also possible that decoding and camprehension processes do not
draw on a single cammon pool of cognitive resources but, instead,
overlap im their demands on processing mechanisms that possess
their own resource capacities. This possivility, in fact, is more
favorable to the general theory of 1interactive processes which

emphasizes interdependence of subskills such as decoding and

pr ard wutual on varjous other processing
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mechanises.

Irrespective of the problems caused by reading alternating
case, subjects who read norwally typed stories were able to
maintain a strategy of selective processing of inforwation eves
when skimming at 600 wpm. The size of the relevance effect was
not as large or as stable as the importance effect observed in
couparisons of macro- and microstatements, but it does provide
evidence that readers are capable of selecting ard elaborately
processing statements pertaining to a specific goal while
skimming., Subjects were able to determine which aspects of a text
were relevant to the perspective and were able to elaborate tne
processing of those statements to form a memory representation
centered around relevant iuformation. Selective processing of
relevant information cccurred in the context of macrostructure
development (note the sizable importance effect in the post hoc
analysis) and, shile there is no direct evidence, this finding is
consistent with the possibility that selective processiug of
information relevant to a specific goal is done in comjunction

with and possibly under the of pr ble for

developing macrostructure representations.

Reaction tige for hits. Reaction time data inm Experimest 3
were prepared in the same way as data in the previcus
experiments, except that any reaction time value in excess of 15
sec was reduced to 15 sec before a subject's mean reaction time

for a specific statement type was calculated. The sean time taken

to verify true statements 1s shown in Figure 24, The analysia of
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. Flgure 24, Mean reaction time on hits on meaning test in
Experiment 3 (N = Norwal; S = Skim; F = Fast Skim) .
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variance of these data found no significant effects. Of interest
here is the fact that regardless of reading rate or case, once
subjects had established a memory representation of a text's
weaning any aspect of the representation that was accessible
could be recognized quickly. This result is wlike the tendency
in Experiment 2 for subjects to verify macrostatements more
rapidly than microstatements., The decrease in reaction time to
relevant statements in the norwal case sidmming condition
apparent in Figure 24 was not reilable, and probably represents a
speed-accuracy trade-off effect (Pachella, 1974} in that the
relevance effect in that condition was lower than for the normal
rate and fast siimoing conditions. It is possible that memory
representations based partly on relevance do not draw as strong a
distinction betwesn relevant and irrelevant information as ¢o
representations based only on macrostructures.

Beagtion time for corregt rejections. The mean reaction time
for correct rejections is presented in Figure 25. No reliable
effects were found in the analysis of variance. If a statement
was not consistent with inforwationm in a story, regardless of its
relevance o the assigned perspective, it was rejected after
about 4 sec of processing.

feaction time for [false alacps. The mean time taken by
subjects to incorrectly accept a false statement 13 presented in
Figure 26. An analysis of variance found that only one effect
ipproached significance as reading rate and case tended ¢to

interact, F (2, 186) =

2,786, p < .07. As reading
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rate increased reacticrn time g the normal case condition
increased, indicating a greater degee of caution and uncertainty
avout memory representations. In the alternating case condition,

though, increased reading rate led 0 lower reaction times,

implying that subjeets hag sufficlently low confidence in their

OCY representations that they would more rapidly accept

Statewents that appeared at least partially corr

ect,
heaction tige Lor misges. The mean reaction time for failing

to verify a trye statement is shown in Figure 27. The only

reliable effect in the analysis of these data was the statement

type effect, f (1, 186) = 6.06, &g = 2.201. Subjecta considered

true relevant statements longer (4.484) before rejecting them

than they did true irrelevant statements (4.112), This effect may

represent a facet or the memory Tepresentation of a story after

reading for particular inforwation or a response bias to consider

apparently relevant test statemeats more carefully  than

irrelevant ones.
Yemory for Surface Structyre
Hecognition Lberformance. kit and false alarm rates were

calculated for each Subject as in earlier experiments, and the

@ean rates are presented in Table X, a g score for each

Statement type was calculated for each subject as in earlier

experiments and the mean q¢ Scores are presented in Figure 28,
Tre analysis of these scores foung only a main effect of reading

Fate to e reliable, F (2, 186) = .95, M. = 0.398. As reading

rate increaseq

1 Fecognition performance decreased. A Newean-Keuls
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TASLE X

MEAN HIT AND FALSE ALARM RATES ON SURFACE TEST

IN EXPERIMENT 3

Caze Reading Rate Statement Type

Relevant Trrelevant

Bit Fa? Hit FA
Normal Normal .69 .52 .64 u8
Norwal Skim 60 .52 64 .48
Normal Fast Skim 61 .56 54 w6
Alternating  Norwal .68 .50 .65 .49
Alternating  Skim 61 L7 .61 .46
Alternating  Fast Skiam 63 .58 .58 .7

= False Alarw
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Figure 28.

Mean recognition performance bn surface test in
Experiment 3 (N = Normal; S = Skim; F = Fast Skim).
Significance of difference from zero at 99% and 95%
confidence levels are indicated by dashed and solid lines,
respectively.
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test ‘ound that wile recognition scores in the normal (0.45) and
skimming (0.37) concitions 4id ot differ reliably, bdoth
significantly greater ‘han recognition scores in the  fast
skioming condition (0.21;.

The  deterioration of surface memory as reading rate
increased is consistent with the findings in Experiments | and 2
aud adds  further support to the hypotresis that wnen subjects
skim they are not acle to fully process surface structure. The

use of alte

lating case did not contribute significantly to the
decline of surface mewory, possibly cecause subjects opted to

devote more attention to decoding processes and allow selective

frocessing of relevant information to lapse. The zombination of
readiug rapidly and attempting to maintain selective processing
®ay have prevented subjects in the wuommal case comdition from
devoting zore attention to complete execution of decoding
Processes than subjects in the alternating case condition.

Reaction fime for hit9. The mean reaction times for hits are
shown in Figure 29. An analysis of varlance failed to reveal any
reliable effects, again indicating that regardless of reading
conditions subjects were equally fast in correctly recoguizing
surface structure of statements they had read, even though
subjects possessed differing degrees of knowledge about surface
structure.

Beaciion Iime for sorrect relestious. The mean reaction
times for correct rejections are presented in Flgure 0. The

wialysis did not find .ny reiiable effects. as reaain.

2 conditions
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Figure 29. Mean reaction time on hits on surface test in
Experiment 3 (N = Normal; S = Skim; ¢ = Fast Skim).
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Figure 30. Mean reaction time or correct rejections on surface
test in Experiment 3 (N = Normal; S = Skim; F = Fast Skim).
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¢id not affect

the time required by subjects to reject paraphrase

statements.

Beaction Lime for falge alarma. Mean time taken by subjects

to incorrectly accept a paraphrase statement is snown in Figure
31. An analysis of these data showed that there was a reliable
interaction of reading rate and case, F (2, 186) = 3.23, MS

£
3.262, indicating that the reaction time for subjects in the

skimming condition who read alternating case was particularly
high. There was also a reliable interaction between case and
statement type, F (1, 186) = 4.77, :,s_e = 1.347. According to
subsidiary analyses, subjects in the aormal case condition tended
to be gquicker to accept relevant paraphrase statements as
verbatim than irrelevant omes, F (1, 93) = 3.52, jﬁ: = 1.227, p <
.07, while uo effect of relevance was apparent for sudbjects in
the alternating case condition.

The slower reaction time for subjects in the alternating
case coudition who skimmed the stories probably vas due to a
speed-accuracy trade-off effect as these subjects also had the
lowest false aiarm rates {see Table X). For those subjects who
read norwally typed stories the greater familiarity with the
meaning of relevant statements evidently led to more ready
acceptance of surface structure of paraphrase statements.

Reaction iime for zisses. The mean time taken by subjects
tefore rejecting a verbatim statement is presented in Figure 32.

None of the effects 1in the analysis of these reaction times

reached significance. Suvjects were apparently able to
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exhaustively search their representations of surface structure in
atout the same amount of time, though not necessarily at the same

rate, regardless of reading conditions.
Summary and Conclusions

Responses to the guestionnaire administered to subjects at
the end of the experirental session provided information about
skimming strategies that subjects claim they use. For the most
part subjects used some kind of selection strategy with more
elaborate processing of selected information. The fast skimming
and alternating case conditions caused some subjects to alter
their skimming strategies and among these subjects most switched
to some form of selection strategy from a nouselection strategy.
The selection strategies described by subjects were similar to
the key elements in Maxwell's (1973) method of teaching skimming.
This method involved selection of critical words and construction
of wmajor ideas from them based on prior imowledge of the text's
topic. Questionnaire responses also reliably foreshadowed the
effects of reading rate and alternating case on the subjects'
success in extracting relevant information from the stories.
Self-ratings of effectiveness in skimming were sensitive both to
the use of alternating case and fast skimeing manipulations.
Recognition of meaning performance provided evidence that, in
fact, when forced to skim at €00 wpm subjects' memory performance
declined below that observed when subjects read at normal or

moderate skioming rates. Evidence with a lipited degree of
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reliability was also provided showing that alternating case
interfered with subjects’ ability %o select and elatorately
process relevant information. & post hoc analysis of
macrostructure formation, however, showed that subfects were able
to form representative macrostructures under any of the reading
conditions. Surface memory suffered inder speeded reading
conditions but not under alternating case conditions. Note that
in Experiment 2 when success in skimwing was defined by formation
of a macrostructure, self-ratings in skimming success were not
decreased and eventual formation of macrostructures was not
prevented by the use of alternating case.

The effect of statement relevance on recognition memory waa
not as strong, either in terms of accuracy or reaction time, as
was the effect of statement importance in Experiments 1 ane¢ 2.
Part of the cause of a diminished effect of statement type. in

Experiment 3 probably is related to the fact that relevant

-information in the critical stories was esbedded in other

irrelevant information and not readily discernible. As a resuit,
subjects had to process irrelevant information more carefully
before reliable judgments about relevance could be made and
relevanst information could be more elaborately processed in
development of the memory structure. Subjects were able to
maintain a reasonable degree of selectivity in their processing
as reading rate increased, sa long as stories were typed

norwally. Use of alternating case led to a breakdown of selective

processing as soon as subjects began to skim, while the variables
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of rate and case were manifesting their effects on subjects'
ability to selectively process relevant inforzation, subjects
were proceeding without setback in their development of
pacrostructures. The formation of macrostructures seems to be a
fundamental part of reading and successfully went on in
conjunction with (sometimes wnsuccessful) attempts to selectively
process informatiorn relevant to a perspective.

The fact that subjects in the alternating case condition
could not selectively process relevant information when skimming ,
even though that was their primary goal, while they were able to
form a representative macrostructure, suggests a number of
theoretical possibilities. ne possibility that will be
elaborated here is that the requirements of decoding alternating
case and maintaining a system of selective processing of
information based on criteria imposed by an assigned perspective
exceeded subjects' processing resource limits (Norman & bobrow,

1975) when skimming. Decoding can be done efficiently when

reading normal case, possibly through the use of whole word

visual identification wmechanisms. More controlled processing
(Shiffrin & Schneider, 1977} of surface structure must be done,
however, when decoding alternating case, causing too great a
demand on cognitive processing resources for both decoding and
selective processing to occur during skimming. Consequently,
subjects elected to focus on decoding and slackened selectivity
criteria s that at least some information could be accwrately

processed.  The necessity of accurate surface processing,

particularly in decoding alternating case, when searching for

perspective-relevant information is reflected in rather nigh
(above charce) surface wemory recognition performance and in the
finding that surface memory was not negatively affected by use of
alternating case.

A related theoretical explanation of the 1oss of the
relevance effect when subjects skimmed alternating case i3 based
on  Navon and Gopher's (1979) recent suggestion that two primary
processing tasks may show interference effects if they both rely
on a processing mechanism or set of mechanisss that requires
processing capacity and allocation of that mechanism's or set of
mechanism's capacity to both primary processing tasks is not
feasible. With respect to the effects observed in Experiment 3,
it may be argued that decoding and selective processing of
perspective-relevant information are two processes that are
dependent on a set of mechanisms responsible for formation of a
macrostructure while reading. These mechanisms require processing
capacity and are hypothesized to involve the use of conceptually
and data driven processing of a text i an effort to extract
information relevant to a basic story achexa so that a
macrostructure can be formed. Processing resources associated
with macrostructure formation can be allocated to such tasks as
decoding to aid in efficient,, conceptually driven reading, and to

the maintenance of selectivity criteria that are responsible for

selection of perspective-relevant information. If the combination

of decoding and selectivity place excessive demands on the




202

Tesources of the wmacrostructure formation process, an austere
policy of allocation must be put into effect in which one of the
primary tasks of decoding or selectivity must suffer. In the case
of Experiment 3 it 1is apparent that a greater allocation of
processing capacity was provided to the decoding process so  that
subjects would be able to extract at least some mrgmatlon and
successfully form a macrostructure.

This alternative theoretical formulation is quite similar to
the one based on the mnotion of a single, common pool of
Processing resources but is preferred over that accowmt for two
reasons. First, it takes into accownt the elegant argumenta
developed by Navon and Gopher (1979) in favor of a oultiple
resource theory. Second, it helps to elucidate the functions of
conceptually and data  driven processes in decoding and
macrostructure forwation. It also points up the interdependence
of  processes, as it provably is no coincidence that
macrostructures were forwed when decoding of textual information
was successful éeven if a price was paid in terms of lack of
selective processing of perspective-relevant information., The
pattern of results is consistent with the notion that developing
a memory structure that favors perspective-relevant information
is dependent on the concurrent formation of a macrostructure. On
the other hand, processing mechanisms responsivle for development

of a macrostructure are not reliant on selectivity of processing

of perspective-relevant information. Macrostructure formation

<03

appears to be the proc.

@03t closely associated with the

fundamental, resource-rich mechanisms of reading.




ChAPTER ¥
EXPERIMENT 4

The experiments reported thus far have all been concerned

with recognition tests of subjects' wmemories for stories they

have skimmed. Experiment 4 was an extension of the evaluation of
memory representations that involved the examination of recall
protocols. The rationale for studying recall data was that in
recalling a story :ubjécts are in a position to indicate which
aspects of text information they have represented in memory and
how those apsects are organized. Clearly, subjects are more
likely to recall centrally important information than wimportant
details, and while detalls may be recognized in a verification
task, the probability of their being output in a recall test is
low. Thus, recognition tests may not reveal the full distinction
between important and wimportant icforwation which characterizes
macrostructure representations.

Another procedural difference tetween rxperiment § and the

earlier studies was that reading rate was manipulated as a

within-subject variable using the pacing procedure. It was hoped

that even more stable

parisons of the effects of different
reading rates on comprehension and memory could be obtained 4if
each subject was observed at each reading rate. It was also

expected that with the Questionnaire items regarding skimming

strategies and changes in strategies it would be possible to

determine how skioming strategies operate and charge

vithin-individuals as reading rate increases.

while recall protocols can provide informatior about which
aspects of a story  subjects are likely to Temember,
generalizations about recall protocols cannot be cocsise wnless
some definition of text structure can be applied. Iz tre first
three experiments text structure was characterized by degree of
importance of test statements. Greater recognition of important
than of wnimportant statements was taken as evidence that a
macrostructure-like representation had been forwed. In Experiment
4 a more strict definition of text structure was imposed using
the text processing wmodel developed by Kintsch and van Dijk
{1978). Recall protocols were scored using Kiztsch's (1973)
propositional scoring method to obtain a recall profiie across
propositions of each story. The observed profiles or patierns of
recall were then compared with predictions based on the text
camprehension and production model described by Kintsck and van
DPijk. The specific, computer implemented version of the model
that was used was described by J. Miller and Kintseh {1879), ang
4 summary of that version of the model 1is provided in the uext
section. Comparison of obtained data with predictions nased oo
the text processing wmodel will serve not oily to provide the
recall data with a reasonable structural organization, out will
also, 1importantly, provide an interesting test of thre model.
Specifically, recall protocols obtained from sutjects  wher

reading at a normal rate should be successfully simulated by the

zo0del, given that the model's basis rests on roreal Teadinx




processes. Successful simulation would also incicate that the
procedures used to establish reading rates did not seriously
alter the usual macro-operations predicted by the model.
Moreover, claims about the use of macro-operations  during
skimeing could be tested by evaluating the success of the model
in simulating recall protocols given after skimming stories. If
the zodel can predict these recall protocols, strong evidence for
the use of wmacro-operations during skimming will have been
obtained, and the processing model itself will have gained claia

to a greater degree of generality than originally supposed.
Text Comprehension and Production Model

The version of Kintsch and van Dijk's (1978) text processing
model that has been implemented by J. Miller and Kiatsch (1979)
preserves the fundamental concepts of macrostructure
representation, cyclic processing, and limitations of working
megory. In general, the programmed implementation of the model
works toward a representation of a text that 1s based on the
relative importance of key propositions in the text structure
(Kintsch & Keenan, 1973; Kintsch, Kozminsky, Stredy, McKoon, &
Keenan, 1975; McKoon, 1977) and the coherence relations between
propositions in the text <{(Kintsch & van Dijk, 1978). These
¢riteria are used in selective processing of key propositions for
the development of a memory representation.

The critical assumptions of the model are as follows. Chunks

of the text (sets of propositions) are processed simultaneously
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in a single cycle of the program. Only a lirited number of
propositions can be included in a chunk, and this number is
determined by one free parameter and aspects of text structure.
Propositions will be selected comsecutively from the proposition
list representing the text for inclusion in a processing chunk
until either a sentence boundary is reached or all of a mumber of
text-dependeat criteria are met. These criteria, generally
stated, are: (a) at least two propositions have been selected,
(b) the next unselected proposition in the list is not associated
with the most recently selected proposition ir eitner an
embedding, modifier, or shared argument relationship (Kintsch,
1974), and (¢) at least some minimum number, i, of words in the
text have been included in the chunk. These criteria depend both
on aspects of the surface structure of the text itself and on the
text's propositionalized representation, Once a ohunk has oeen
established, each constituent proposition is then given some
probability, p, of being processed into lotg-ters memory such
that it will be reproduced in a recall or summarization task. In
this way, p captures a combined probability of successful
encoding and production. The constituent propositioss are also
arranged in a continually growing coherence graph (Kintsch & van
Dijk, 1978), that indicates the pattern of argument overlap and
reference among propoaitions. In order to malstain coherence
across processing cycles, the next cycle begins with a selection

of a subset of propositions from among those present in the

previous cycle for inclusion in the current cycie. The coherence
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8raph can then be expanded to isclude the rnew chunk of
propositions and proper coherence relations will be drawn to
previously processed propositions. Two aspects of the selectior,
of propositions to be held over for the gext cycle are irportant,
First, only some max imum numter, 3, can pe held over due to
limitations of working memory, After the first Processing cycle
only, 3 can pe expanded to include one additional proposition to
account for additional allocation of Tesources at the beginning
of a story as the reader makes an effort to initiate some knd of
organizational structure for the story's content . The value of 8
®ay also be expanded by one in exceptional cases after later
processing cycles as noted below. The second critical aspect of
the selection process is the heuristic for deciding which
propositions to  include. The heuristic found to be most
Successful in simulations (Kintsch & van Dijk, 1978) is the
leading edge atrategy (Kintseh & Vipord, 1979). Tnis strategy
_uakes use of the coherence &raph aa 1t develops after each
Processing cycle and consists of selection of the most recently
occuring propositions at each level of the graph. Selection
begias at the highest level and ends wnen 3 propositions have
been selected. If the gth Proposition is {nvolved in an embedding
relationship with a proposition not yet selected, then 2 will
telpurarlly be expanded by one to include that proposition,
Furthermore, 1f the 21th selected proposition is involved in an

eazbedding relation with a proposition at the rext level ang the

latter proposition is not the most recent at its level, it w113
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te selected as the 8th entry into working memory rather than the
wost recent proposition and no expansion of 3 will occur.

Inclusion 1in multiple processing cycles through the
selection process is what determines the relative probabilities
of encoding and production of the different propositiocs.
Probability, R, of encoding ang production {s applied to a
proposition each time it is included in a processing cycle. Thus,
the wore important a proposition's role in the coherence graph,
the more often it will be included in processing cycles and the
higher its likelihood of encoding and subsequent production, The
macrostructure represeatation of a story, then, is defined by the
nature of the coherence graph and the parameters § and {, which
control the number of processing cycles and the frequency with
which propositions are carried over in multiple processing
cycles,

Of interest in Experiment & was whether or not the text
processing model would successfully predict recall protocols in
skimming conditions and, if 30, what parameter changes would be
necessary in obtaining reascnable predictions. Changes in 3 and P
would indicate alterations 1o the amount of information held in
working memory and the amownt of information processed in each
cyele. The nature of the macrostructure would also be altered.
The quality of comprehension, especially with respect to later

recallability, would be captured by the parameter 2.




HMethod

Sublegts

The subjects were 72 stucents recruited from the same
population as that used in the previous experiments.
Materials

The 500-word narrative used in the preliminary reading task
in the first three experiments also was used in Experiment .
Seven other narratives of about 500 words each were
developed: three test and four practice stories. The three test
stories contained a particular critical paragraph located near
the widdle of the story. These critical paragraphs were among
those used by J. Miller and Kintsch (1979) in their simulation of
recall protocols .and, therefore, an exterral criterion of
comparison was available. The critical paragraphs, the numher of
propositions in each, and the title of thre corresponding test
stories are presented in Appendix C.

the stories were typed single spaced, right and left
justified on separate pages. An appropriate title was typed
centered at the top of each story page. Three story orders were
arranged representing a Latin square counterbalancing of order of
the test stories. The practice stories always appeared in the
same location, one at the beginning and another before each test
story. A blank colored page was inserted tefore each story and a
page trat contained a summary of recall instructions was appended

to the front to camplete the construction of each story booklet.

Three booklets of each story order were made.

Recall booklets were carposed of a cue and a recall jpage for
the first practice story acd for each test story. The cue page
gave a brief description of the critical paragraph that the
subject was to recall from the story that had just been read, and
the recall page contained blank lines. These pages were inserted
into a folder so that when the subject opened the folder to the
materials for a specific story, the cue page was on the left and
the recall page was on the right. The cue used for each critical
paragraph 1s shown in Appendix C. Three sets of recall folders,
each corresponding to one of the counterbalanced orderings of
test stories, were prepared.

Three sets of pacing tapes were constructed with the same
rates (225, 375, and 600 wpm) and general design as that used in
Experiment 2. Each set represented a Latin square counterbdalanced
ordering of the three reading rates. The [irst paced rate was
always 225 wpm and the other six were ordered in pairs such that
each pair corresponded to one of the three rates and followed the
counterpalanced ordering of rates.

Design

The counterbalancing of story order and order of reading
rate were cambined to form nine combinations, so that each test
story was read at each position in the story order at each
reading rate. Eight subjects were assigned to each of the nine

combinations according to order of appear at the 1

Y.

Procedure

Subjects participated in groups ranging in size from one to
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six, An experimental session began with the prelimicary reading
task used in the earlier experiments, Afterward, subjects were
given the story and recall booklets and they read the recall
instructions which stated that they would be reguired ¢ recall,
as campletely and accurately as possible, one paragraph cued from
each test story. The pacing procedure was explained as in
Experiments 2 and 3, then subjects read the first practice story
at the paced rate of 225 wpp and attempted to recall the
appropriate paragraph. A period of 5 min was allowed for recall,
after which the experimenter reviewed the procedure to be sure
that subjects wderstood the requirements of the reading and
recall tasks, The remaining stories were read and tested in three
cycles. Each cycle began with an explanatiou of the reading rate
that was in effect, followed by the paced reading of two stories
in a row, first the practice then the test story. The practice
story was meant to allow subjects to adapt to the rate in effect.
After reading the test story, subjects turned to the next blank
Page in their story booklet, then opered their recall folders to
the next section and were allowed up to S min to recall what they
could of the cued paragraph that was present in the test atory
they had just read. Time allowed for recall was ample in all
cases. After campletion of the reading and recall cycles subjects
completed the form of the reading questionnaire used in
Experiment 3. Items relevant to rate adaptation were to be

answered with respect to each of the three reading rates used in

the experiment.

Results

Luestionuaire

) Subjects in Experiment 4 seemed to have skineing hadits
similar to those described by subjects in the earlier studies.
The mean estimate of percentage of total reading time spent
skimming was 29%, with a range of 0.05-753. Newspapers and
magazines were the most commonly mentioned toples for skirzing
as 443 of the subjects indicated that they skim one or both types
of material. Aspects of college work were mentioned by 223 of the
subjects as topics for sidmming and 158 of the subjects stated
that they had received scme form of speeded reading training. The
mean estimate of subjects' confidence in their success in
selecting important information while skimming outside the
laboratory was 1.72, based on the four-point scale of zero to
three used in the earlier experiments. Subjects who claimed to
have had training in speeded reading expressed higher confidence
in  their siimming abilities, with a mean rating of 2.15. With
respect to mean estimates of skioming success ian the experiment
at the skimming rate the mean rating was 1.69, very close to the
value for independent skimming, and the mean raticg for fast
skimming was 1.57. The rather high rating for fast skimming way
have been due to failure on the part of some subjects to
distinguish between the two skisming rates in providing their
responses and the subsequent use of the same rating valve in

calzulation of the means for both skimming and fast skimming.

Arother indication that subjects adapted well to the reading




rates used in  Experiment 4 was Sowc i sce

experimenter-paced and self-paced rates. For the normal reading
rate, 513 of the subjects claimed the paced rate matched their
own noreal rates, while only 21% claimed the paced rate was too
fast. The paced skimming rate was also representative of
self-paced rates as 53% of the subjects felt that the paced rate
was close to their own skimming rates, and 43§ stated that it was
too fast. For the fast skimming rate, however, only 183 of the
subjects claimed that the paced rate was the same as their own
fast sidmming rates, while 82% felt the paced rate was too fast.

The description of siloming strategies followed the pattern
set by sutjects in Experiment 3 rather closely. A selective
sileming strategy of one sort or another was described by 793% of
the subjects, 133 claimed they use the procedure of glancing over
all words or reading everything faster than usual, 6% said they

try to perceive chunks of a story simultaneously, and 3% stated

-that they skip various parts of a text indiscriminantly or

without regard to semantic content. Of those subjects who
ordinarily use a selection strategy, S¥3 base selection on  key
words, 24 base selection on specific sentences or paragraphs in
certain locations in the text, and 22% mix these two strategies.
Fundamental deviations from these described strategies due to the
Pacing procedure were mentioned by only five subjects, Two
Subjects changed from a selection strategy to a nenselection
strategy, two switched in the opposite direction, and one altered

the form of the selection strategy ordinarily in effect.

Slsulation of Recall Protocols

Recall protocols were scored usirg Kintsch's (1974) system
of propositional analysis and scoring. The wmear proportion of
propositions recalled from each critical paragraph at each
reading rate is shown in Table XI. It is clear that while the
paragraphs differ in general level of recall, all three exhibited
decline in recall peformance as reading rate increased.

A more detailed analysis of the characteristics of recall
protocols was provided by attempts to simulate these data with
the text processing model described above. Possible values of f
were constrained.by text structure and maximue sentence length.,
On  some occasions a range of i values produced the same pattern
of cyclic processing, so the range of values was combined and
only the minimum value will be reported. Values of 3 ranging from
one to five were tested. For each cambination of j and 3 a hill
climbing parameter estimation routine was used to find the value
of p that sinimized the chi-square goodness-of-fit comparison of
observed and predicted frequency of recall of each proposition.

In  calculating cﬁi-square goodness-of-fit  values a
convention used by J. Miller and Kintsch (1979) was adopted. It
was assuved that a few propositions will not be output during
recall because of their low degree of importance in the text.
Even if subjects remembered such propositions they provably would
not write them down 1in a recall test. Trese propositions
generally are modifiers and an example froa the Panda paragraph

is the fact that panda bears are excellent climbers. while




216

TABLE XI

MEAN PROPORTION OF PROPOSITIONS RECALLED TN EXPERIMENT 4

Paragraph Reading Rate

Normal Skim  Fast Skim
Hitcheoek 450 .398 .266
Panda 433 .35 -168
Roses <533 425 .204

e e
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subjects are likely to write down the fact that pandas can climb,
they may well arit the fact that they are excellent climbers,
Propositions such as these were not included in the calculation
of chi-square values. An objective criterion for excluding or
pruning propositions involved two steps. First, any propositicn
with a recall frequency across all subjects that was more than
one standard deviation below the mean frequency was considered
for pruning. Usually propositions recalled by fewer than three or
four subjects of the 24 who read the test story at the rate in
question met this part of the criterion. Next, propositions that
were redundant with respect to information already in the
developing coherence graph were pruned while other propositions
were retained wnder the assumption that they were poorly recalled
for other, unaccowntable reasons. Pruned propositions usually
were modifiers or details related to such things as the setting
of the atory.

The best fitting parameter estimates and corresponding
echi-square values for each story and each reading rate are shown
in Table XII. Two bases for pruning were used, The rate-specific
basis allowed pruning to be based on the recall data specific to
the reading rate being simulated. The general result was a
greater number of pruned propositions at the skimming and fast
skimming rates. Propositions in these two reading rate conditicns
were pruned just as long as they met the criterion of one

standard deviation below mean recall frequency, as it was felt

that skimai pre may be res ble for as type of




TABLE XIT

PARAMETER ESTIMATES AND CHI-SQUARE GOODNESS-QF-FIT VALUES

Paragraph Parameter, Basis of Pruning
runing
Index, or Rate-Specific Normal Rate
. Chi-Square
Value Reading Rate?
¥ H F s F
Hitcheock i [ 6 6 6 6
3 3 3 3 3 3
2, L3460 .326 L206 .302 .216
Pp 2 5 3 2 2
X 28,60  15.24  uy.3F 32.60  46.23¢
af 21 18 20 21 21
Panda 1 1% 13 13 13 13
s 2 1 1 1 1
E3 413 +339 -162 -335 .176
[ s 6 3 5 5
X 38.50  16.T4  28.86 18.67  25.34
af 23 22 25 23 23
Roses i 6 18 6 16 6
= 5 4 5 .b 5
2 401 541 RIS 9 131
Pp [ 8 8 y 4
X 30.33  40.40¢  20.69 56.30¢  36.61
ar 24 20 20 2y 24

®N = Normal; S = Skim; F = Fast Skim

PP = Number of propositions pruned

°p < .01
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selectivity not found at =normal reading rates. Nevertheless,
pruned propositions generally were modifiers or similar details
and not centrally important propositions. The rnormal rate basis
for pruning simply involved allowing exactly those propositions
pruned in the norwal reading rate condition to be pruned in
either sidmming or fast skimming conditions,

Once the pruning criteria had been applied, chi-square
goodness-of-fit values were calculated on the basis of the
observed and predicted frequesncy of recall of each proposition in
a paragraph. Low chi-scuare values indicated that the pattera of
recall frequencies across propositions was replicated by the
model with a reasonable degree of accuracy. In such cases, the
recall data and model agree on which propositions are most
central to the paragraoh and, hence, are more likely to be
recalled.

With respect to the wodel's success in fitting the recall
protocols in the normal reading rate condition, all three
paragraphs were successfully simulated, The chi-square values
were gquite acceptable and similar to those obtained by J. Miller
and Kintsch (1979}. They obtained the same optimal values of 4
and g for the Hitchcock and Panda paragraphs, while for Roses
they found that 1 = 13 and g = 1 were optimal. Their optimal
values of [ were generally higher than those obtained here as
their suojects read the critical paragraphs in 1isolation rather

than embedded in longer stories, and so recall was much higher.

The chi-square values obtained in simulation of the skimming
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and fast skimrirg conditions were very good, particularly when
rate-specific fruning was used. The model had some difficulty
with hitchoock at the fast sidmeing rate and with Foses at the
skimming rate, but othecwlise the model fared very well, with
chi-square values as good as or better than those obtained in the
normal reading rate condition. The parameter changes necessary to
obtain the successful simulation of protocols in the skimming and
fast skimming conditions can easily be summarized. The values of
i and 3 changed very little, except in the relatively poor fit of
Boses in the sikipwing cordition. The wmost noteworthy parameter
change was in p, which generally decreased as reading rate
increased.

An  example of the model's success in predicting the
recallability of selected important and wiimportant propositions
as reading rate increases is presented in Table XITI. Obtained
an¢ predicted data are in general agreement as to which
propositions will maintain a relatively high provability of
recall even after sidmming. A further example of the model's
predictions is provided in Apperdix C. For each reading rate
condition, propositions from the Panga paragraph that were
predicted toc be recalled by at ieast 10 subjects were written out

in English to provide protocols that simulated recall of facts

actually contained in the text.

TABLE XIII

OBSERVED AND PREDICTED PROBABILITIES OF RECALL OF SELECTED
IMPORTANT AND UNIMPORTANT PROPOSITIONS FROM "PANDA™ PARAGRAPH

Sample Propositions and
Reference Numbers

Reading Rate

Normal Skim Fast Skim

No. Proposition
o P o p o P

2 (THINK SCIENTISTS 3) .79 .80 LT3 LT .36 .1
3 (RELATIVE-OF PANDA BEAR) .92 .66 .83 .56 .54 .30
9 (CLASSIFY SCIENTISTS 10) .67 .66 .62 .56 .33 .30
10 (RELATIVE-OF PANDA RACCOON) .92 .9% .83 . LS4 .65
24 (ISA PANDA CLIMBER) b2 66 .25 .3 .29 .16
8 (TIME: TODAY 9) U6 L4t .38 .30 .08 .16
20 (WALK PANDA SOLE) .62 .41 233 .3 .08 .16
21 (OF SOLE FEET) 25 .41 .25 38 0h .16
22 (LIKE 20 23) .50 .41 .29 .3% .08 .16
23 (WALK BEAR) .50 .41 .29 .3 .08 .16

= Observed

= Predicted

®predictions based on rate-specific pruning
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Discussion

The questionnaire data indicated that supjects ir Experimert

4 were similar to subjects in the other experiments, both in
terms of their usual skiewirg habits and strategles and in terms
of their ability to adapt to tre pacing procedures used in the
experiment, The reading behavior of subjects in the experiment
appeared to be representative of their usual reading processes.
This fact is important in evaluating the validity of the recall
protocols obtained in Experiment 4. Given that the protocols are
valid, success in simulating them provides valwble evidence in
favor of the wnderlying simulation model.

In general, the text processing model developed by J. Miller
ard  Kintsch (1979) was highly successful in simulating recall
protocols taken after normal reading or skimming of stories.
Embeddirg of the " ecritical paragraphs 1in longer texts did not
seriously affect performance of the model. This fact is somewhat
SuTPrislug given that the model's preaictions are vased o
structural coherence of propositious rather than the relationship
of currently processed propositions with semantic content
oceurring wouch earlier in the text. The similarity of optimal
parameter values found here and by J. Miller and Kkintsch (where
paragraphs were read in isolation) points up the relative
importance of the role of local conerence relations in predicting
recall,

Moreover, the success of the model in predicting recall

protocols in the skimming and fast skimming conditions was

A
o

striking, The fimdamental assumptions of the model pertainicg
2yelic processing, holding over selected propositions for the
wext cycle, and limitations of working memory in the Mocess of
holding over propositions were shown to be valic possibilities
not only for normal reading but also for skimming. It fac

basic aspects of these processes, captured by the parameters j
and g, remained virtually the same across readicg rates. As
mentioned above, these are the parameters that control the nature
of the macrostructure and their coustancy over reading rates is
very revealing of the similarity of the macrostructure to be
expected when reading normally and when skimming. Quly the
parameter p showed a large change and the number of rate-specific
pruned propositions increased with reading rate. The lower values
of p could be interpreted as poorer cauprehension, possibly due
to incomplete processing of surface structure, or less elaborate
or extensive encoding into long-term memory due to time
constraints. The increase in the number of detail propositions
that were pruned probably reflects the tendency for subjects to
skip over certain details while skimming.

A description of skimming processes from the point of view
of the text processing model might be as follows. & nusber or
propositions are selected for processing as a group. The number
selected is about the same or possibly less than that for rorwal
reading, but the extent or -.quality of processing of each is

diminished (reduced value of pj, Lepending on current conerence

relations a number of propositions are selected to be held over
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for the next processing cycle, and this number and selection
process are approximately the same as for norral reading.

There are two aspects of this description of skimming that
may not be cousistent with reality. First, the notion that each
proposition 1in a chunk 1s procedsed, but to a lesser degree than
is true when reading norvally, may not be correct. It is possible
that of the propositions engulfed in a chunk only a few are
selected {or even  perceived), ou whatever basis, for further

processing. The nature of the propositions that were pruned
suggest  that this hypothetical selection process "would be
sensitive to the general importance of propositions. The wmodel
might be wmore accurate in its predictions if some sort of
selective processing parameter or criterion were included at this
stage. Second, the selection of propositions for inclusion in the
next processing cycle was based on the leading edge strategy. It
1s possidle that some other heuristic might provide an even more
accurate account of skimming processes. These possibilities will
be elaborated in the concluding chapter.

whether the issues of selective processing within a chunk or
of selection heuristics are handled in exactly the right manner
by the version of the text processing model describved here is not
certain. But it is very clear that even if changes. in these two
processes are warranted they will result in a version of the
model that is not very different from the current ore. The
succeas in predicting recall obtained with the current version

was quite remarkable and serves to emphasize the importance of
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the processes detailed in the model. These processes are very
general with repsect to a broad range of reading rates and this
generality suggests the existence of fundamental commonalities of
reading for full camprehension and skimming.

A further suggestion of common dependence on
macro-operations at different reading rates is provided by the
degree of consistency between Experiments 1-3 which involved
recognition tests and the recall data of Experiment 4. In all
cases astrong evidence for the formation of macrostructures was
obtained, regardless of the type of memory test that was used.
Experiments 1-3 indicated that macrostructures were formed even
during skimeing. Although these macrostructures were not as
complete or accurate as macrostructures forwmed during normal
reading, they still reflected a strong bias for inclusion of
important over uwnimportant information. In particular, the
relative propertions of important and wnimportant information
contained  is macrostructures was maintained over different
reading rates. No fundamental change in selective processing of
macrostructure-relevant information was observed when resource
demands were reasonable. In Experiment 4 the patterc of parameter
changes required to simulate recall data obtained in skimming
conditions relative to the normal reading rate condition, also
failed to reflect any fundamental change in the nature of
macrostructure formation. Only the encoding parameter, p, was

altered, suggesting that the major effect of skimming was %o

reduce the 1likelihood of eacoding any particular proposition.
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within the ranges of £ fowd in Experiment 4, the overall
decrease in frequency of recall of propositions that participated
in one processing cycle was rot very different from the decrease
otserved for propositions that participated in multiple cycles.
If p is reduced drastically (as should occur with extremely high
reading rates), however, the largest decrease in recall
protability would be observed in the important propositions, and
eventually the distinction between important and unimportant
propositions would be very small. Thus, if the model's
predictions are correct, pushing subjects to extreme reading
rates would result in a large decrease in the distinction between
important and winportant information in the memory
representation, rather than an increase in the distinction., The
breakdown apparently would be at the encoding level, while
selective processing still  would occur  with  fundamental
wacro-operations in effect. This extreme case would require a
very small value of n,‘a: even values smaller than .2 led toe a
macrostructure that  exhibited distinetion of  important
information. If speed reading 1s successful in developing
accurate, representative macrostructures, then it may be that the
fundamental processes described by the model are not appropriate
for speed reading. The degree of distinction between important
and  wnimportant information would have to be determined before
the model's validity for speed reading could be assessed.

Taken as a whole, the four experiments provide converging

evidence for the con

clusion that nmdamental macro-operations are
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in effect at a racge of reading rates when resource demands are
not increased by use of a typography that is difficult to decode.
In sideming, resources are not sufficient for full processing of
all propositiors and, consequently, there is a general decrease
in recall and recognition performance, The resource requirements
for selecting macropropositions for more extensive processing

(e.g., inclusion in multiple processing cycles) are consistently

met and a basic, though incomplete, macrostructure is formed.




CHAPTER VI

CONCLUSION
e
The first section of this chibter sumnarizes the major
findings of the four experiments reported here, and highlights
the significance of some of these findings for hypotheses about
cognitive processes in skimming stories. A consideration of
skimming as a form of reading and implications for other rapid

reading methods will be discussed in the next section. 4 third

section will be devoted to a discussion of the implications of
the research reported here for the Kintsch and van Dijk (1978)
text processing model and for DeJdorg's (1979) newspaper skimming
program, FRUMP. The final section will provide a plan for further
investigations of sidmming and other forms of rapid reading,
including recommendations for a variety of experimental paradigms

and a discussion of related dmplications,

Summary of Experiments

A number of interesting facts concerning skimming were
obtained from the 516 subjects whose recall or recognition data
were analyzed 1in the four experiments discussed in earlier
chapters. For these subjects, an average of rnearly one third of
their reading time 1s spent skimeing. Although the most common

material siimmed by these subjects is newspaper and wmagazine

articles, about 17% of them are confident enough 1in their

skimming abilities to apply them to various aspects of their
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college work. For the most part, sidmming skills are developed
independently, and probably are derived from zormal reading
processes, since skimming is a very common practice and only 163
of the subjects clajmed to have received any formal training in
speeded reading. It would not seem surprising, then, to find
strong relatlonships between normal reading and skinming
processes. In fact, Fxperiments 1-4 all found evidence for a good
deal of overlap in processes involved in reading for full
comprehension and skimming.

In Experiment 1 subjects were allowed to read narratives and
unewspaper stories at their own normal reading and skimming rates.
A subsequent recognition test showed that, while performance
Benerally declined when subjects skimmed, greater recognition of
important than of wimportant statements was maintained. This
effect indicated that when sidmming, subjects fore macrostructure
representations similar to, but less complete than, those formed
when reading normally. Story schemata both for narratives and
newspaper stories were effectively used and were achered to at
various reading speeds. Increased reliance on conceptually driven
processes was evidenced by the maintenance of at least the basic
macro-operations while skimming and by decreased surface memory,
which suggested that subjects did not fully process surface
features but, rather, relied on conceptually driven processes to
provide accurate hypotheses about what actually was written, In

this way less surface processing was required and skimming could

proceed rapidly.
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In Experiment 2z a replication of tne rirst study was
provided with an extension to ®ore extreme reading rates and the
use of a method of pacing reading rates. It was also found  that
reading alternating case typography while skimming apparently
interferes with whole word visual identification processes which
play a key role in the rapid decoding of words. Moreover,
different effects of alternating case on the racrostructure
representations of narratives and newspaper stories pointed to
differences in basic story schemata and allocationm of processing
resources. Subjects were able to make use of the story structure
of newspaper stories and could glean the important information
from the early part of those stories even when skimring
alternating case. Then subjects could process details later in
the stories. In skimming narratives typed in alternating case,
however, it was necessary for subjects to search for important
information  throughout the stories with little attention
allocated to processing of details. The ability to process
surface structure features was generally reduced by the use of
alternating case, forcing the judicious use of processing
resources outlined here.

A even wmore revealing demonstration of the role of
processing resource allocation in skimming was provided in
Experiment 3. when assigned a goal in reading rnorwally or
sidening subjects were succeasful in extracting xore
goal-relevant than irrelevant information from stories, If the

reading task also required subfects to read alternating case,
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though, selective processing of goal-relevant inforeation was
possible only when reading at the normal rate. The requirements
of skimming alternating case ard maintaining a selective
processing criterion for a particular goal were pot compatible,
As rate increased from 225 wpn to 375 wpm, differential
recognition of goal-relevant and irrelevant statements was lost,
Subjects were able, however, to maintain some  basic
macro-operations as adequate macrostructures of the stories,
regardless of the goal in reading, were formed under all reading
conditions. These results suggest that decoding and selective
processing of  goal-relevant information may both rely on
processing resources associated with the mechanisms (cf. Navon &
Gopher, 1979) responsible for forming a macrostructure
representation.

In the final experiment, a version of Kintsch and van Dijk's
(1978) text processing model was used to successfully simulate
protocols provided bty subjects who had read stories at various
rates. The best fitting set of parameter values indicated that
while processes involved 1o determining the nature of the
macrostructure representation were similar across reading rates,
the quality of processing of each proposition was drastically
reduced as reading rate increased. The fact that particularly
important propositions were retained in working memory and
participated in multiple processing cycles served to enhance the

likelinocd, as far as possible under the circumstances, of their

inclusion in the Wemory representation of a story. The success of
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the mocel in predicting protocols based on such a range of
reading rates with relatively few parareter changes stongly

suggests that there are fundamental macro-operations that

underlie reading at a wide range of rates.
Skimeing as a Form of Reading

The similarity of memory representations and inferred
comprehension processes observed in Experiments 1-4 for normal
reading rate and skimming conditions strongly argues against
Carver's (1977) position that processes such as speed reading and
skimming should not be considered reading, and that reading
involves the encoding of information at a relatively wnifore rate
of about 300 wpm. while the classification of “what 13 not what®
in reading could be done in absence of data on reading processes,
arguwents for inclusion or voninclusion of possible candidates
could not properly be evaluated. In the face of compelling
empirical evidence, however, the question of defining reading
takes on a new aspect {ovolving delineation of processes and
evaluation of the degree of overlap in those processes associated
with different forws of reading. The question of whether or not
something is "reading" then becomes less important. The
experiments reported here proviced evidence for a high degree of
overlap of processes of reading for full comprehension and
skimming .

As indicated by the questiornaires a number of different

skimming strategies are usea bty sudbjects. In spite of these
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individuml differences, a general descriptior of tre tasic
processes underlying most of the strategles is still possible. It
appears that as a reader skims a story he or she provably misses
portions of the text, but through selection of ey words or
phrases or by chance will locate at least some of the potentially
ipportant inforwation in a text. Once a statement has been
selected as potentially important, the reader cam process the
statement in more detail, making more use of data driven
processes. If further processing indicates that the statement is,
indeed, important for the macrostructure it will bde processed
further or more elaborately (Reder, 1979) and incorporated into
the memory structure. Reading or searching for important
information are processes that are aided by knowledge structures
such as story schemata and by eamphasis on coonceptually driven
processes that can operate on minimal inforwation froam data
driven processes. In this situation the reader must draw on a
good deal of knowledge about the background of a text iz orver to
establish reliable expectations about what is being read so that
data drl;len processing can be curtailed, and in order to draw
accurate inferences integrating piecemeal aspects of i story inte
a reasonably comprehensible whole.

The selective reading and processing of statements is based
on some goal that the reader has in skimuing. We have seen that a
fundamental goal in reading, to which other goals appear %0 be

closely tied, is the forwation of a macrostructure

representation. Even when the reader's primary goal in  skimwing




~
3

fails, as in Experiment 3, a basic macrostructure still is
formed. It 1is as though the mechanisas involved in forming a
macrostructure are responsible for a large amouwnt of the
processing resources that can be allocated to subskills such as
decoding and selection of goal-relevant informwation {cf. Navon &
Gopher, 1979). If the cacbined sources of processing resources
are  1insufficlent for decoding and selective processing of
goal-relevant information, the availablie resources must be
allocated so that a reasonable level of reading performance can
be achieved. in Experiment 3 it was observed that subjects chose
to maintain a minimum standard for decoding processes but allowed
selectivity of processing to lapse. Nevertheless, the subjects
processed information with respect to a general macrostructure,
suggesting that this may be a Fundamental goal underlying any
reading task.

The selective reading and processing of information
discussed in the foregoing description of skimming implies a
basic conclusion about studying reading processes. On almost all
occasions researchers use the term reading rate as a wnitary
measure of how a text was read. This rate probably is not based
on & constant reading rate, but rather a fluctuating rate of
information processing that can vary widely within a single
reading of a text (cof. Rankin, 1971). A3 a result, classification
of reading speeds 1in words per minute can be very misleading
unless accompanied by an explication of goals in reading and

possible vartation 4n rate across a text. Readers can adjust to
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different requirements in reading, exhititing a high degree of
Flexidbility. Depending upon the type of inforwation the reader
wants from a text, the reader can read very slowly or skim and
even scan  at incredible “"rates" for a specific piece of
information. Thus, very rapid reading, even speed reading or
scanning, can be "effective™ if the appropriately defined degree
of comprehension is attained. The truly interesting questions,
then, deal with the idnd of comprehension associated with
different readiug methods and how information relevant to goals
of comprehension are selectively processed. To what extent is a
memory representation that is formed after, say, speed reading a
story btased on information contajned in the story versus
information already in the reader's imowledge base? Given the
remarkable speeds at which some speed readers process stories, it
is apparent that they must contribute a good deal of their own
knowledge of the world and of the specific topic in particular to
the formation of a coherent memory representation. FReading at
thousands of words per wminute renders full surface processing
physiologically impossitle (Spache, 1962; Taylor, 1965). After
all, "uo amownt of practice can make us perceive what we do mot
look at® (Gibson & Levin, 1975, p. 549)}. The speed reader must be
able to make highly efficient use of the mall amownt of accurate
surface processing that is done, calling into play conceptually
driven processes to close @any of the gaps between bits of

comprehended inforwation. The key to speed reading seems to be

taking in as much inforwation as possible through a pattern of
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€ye movements similar to those used in skimming (Taylor, 1962),
and being able to devote sufficient processing resources to
fleshing out otherwise incoherent pieces of data. The process of
coalescing a subset of a story's  information into a
macrostructure is critical. It is clear that speed readers cannot
possidly fully process all the information contained in a story.
Only systematic investigation of memory for text inforwation and
degree of background knowledge can suggest the extent to which a
speed reader's mewory representation of a story is based on fact

or fabrication.
Implications for Models of Text Comprenension and Skimming

In Experiment 4 it was found that Kintsch and van Dijk's
(1978) text processing model provided a very good account of
skimming processes. It was suggested, however, that the model
might be made wmore specifically appropriate for simulation of
skimaing processes 1f two possible adjustments were examined.
First, the parameter 2, which represents the probability of
encoding into lorg-term memory and later recalling a proposition,
Bay not sufficiently represent the selective processing
characteristics of skimming. While the cyclic processing of a
text 1o conjinction with a sophistocated strategy of selecting
propositions for inclusion in multiple processing cycles is
vepresentative of wmacrostructure formation, there is no provision
for selective processing of specific goal-relevant information.

for example, in Experiment 3, subjects reading normally typed
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stories were capable of selectively processing
perspective-relevant information while skimming and at the sawe
time formed appropriate macrostructures. This resuit indfcates
that the macrostructure formation processes represected in the
zodel are well-motivated, but that the use of a single encoding
parameter is not sufficient. In order to accownt for skimming
tasks that involve specific goals a selection criterion probably
should be established in place of or in conjunction with the
encoding parameter. A system such as this would allow the basic
macrostructure to be formed as usual, while propositioce relevant
to the goal in skirming would be especially well represected in
memory.

A possible goal-relevant selection proceas that could be
developed would involve one additional parameter, g. The
parameter g would behave Just like p, except that one of these
two parameters, say, p, would be applied to goal-relevant
propositions while the other, g, would be applied to irrelevant
ones. A.priori decisions about the relevance of each proposition
for the goal would need to be wade, but such decisions ahould
ordinarily be intuitively apparent. Under any reasonable
cireumstances, of course, p would be greater than Q. Tepresenting
selective processing of propositions relevant to the goal.
Selectlon of propositions for inclusion in multiple processing
cycles would g0 on as usual, leading to the foreation of a

Tacrostructure, just as shown in Experiment 3. The application of

@ or g onmultiple processing cyloes of a proposition represents,




at least winimally, the isteraction of goal-relevant and
macrostructure-relevant selective processing criteria. Even in

cases where selective processing is not feasible (i.e., p = g)

for suwh reasons as resource allocation priorities,

macrostructure formation still would occur but without influence

from the specific goal. With the addition of the parameter g the

model might do quite well in predicting the results of an

experiment such as Experiment 3 in which recall protocols would
be taken after sikimming normal or alternating case.
The second possible modification of the text processing

w@odel pertains to use of the leading edge strategy. It may be

that in skimming, selection of propositions for inclusion in

later processing cycles may not be based on the recency plus

levels criteria that camprise the leading edge strategy. A number

of possible alternative strategies are highly unlikely on the

basis of their failure Oon  occasions when the leading edge

astrategy was quite Suocessful. If selection is based on levels

plus primacy, recency only, or upon a random selection strategy,

the model does poorly (Kintsch & van Dijk, 1978). The joint
influence of levels and recency combine to form a selective
strategy that is relevant to macrostructure formation and makes
optimal use of coherence of a text as more recent propositions

are nost likely to be related to currently processed

propositions. Whatever alternative selection strategy is

developed, these criteria prodably will need to be included,

implying that any alternative would be rather complex. The
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leading edge strategy accounts well for gata based on skimming
for gist. If it could also be used successfully in conjunction
with selective encoding parameters in simulating data based on
skimming for goal-related information, its validity for skimeing
processes would be greatly enhanced. On the other hand, if the
inclusion of selective encoding parameters is not sufficient,
then a selection strategy sensitive to goal-relevant propositions
might be required. Such a selection strategy would further
emphasize the importance of the interaction between goal-relevant
processing and macrostructure formation.

with respect to DedJorg's (1979) newspaper skimming program,
FRUMP, the res\;lts of the experiments reported here have some
general implications. As an artificial intelligence program,
FRUMP is not meant specifically as a model of human processing,
but still it can be evaluated with regard to its consistency with
those processes that we believe contribute to huean  skimming
operations. The general predictive nature of FRUMP's processing
is consistent with the conceptually driven processing
hypothesized to underlie skimming processes in humans. In FRUWP,
predictive processing is based on iknowledge structures called
sketchy soripts. These scripts determine which aspects of a story
are important. Within the sketchy scripts 1s the key o
macrostructure formation or goal-relevant selsctive processing.
If a certain kind of inforwation is sought, the relevant sketchy

scripts amust be modified to include requests for  that

information. 1If such reguests are not fncluded in the relevant
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sketchy seripts, the goal-relevant information will mnot be
extracted for inclusion in the program's output, nor is it even
likely to be processed at preliminary stages, because of FRUMP's
highly conceptually driven nature. Sections of an input text are
parsed only when a specific plece of information is requested by
a sketchy script and when no script has yet been instantiated.
Information satisfying requests can be obtained by direct text
processing of relevant conceptualizations (cof, Schank & Abelson,
1977} which add pleces of conceptualizations to memory in order
to  satisfy requests, or by inferences that may add partial or
complete conceptualizations. The use of text processing is more
costly, as it would be in humans, in terms of efficiency. Faster
moving versions of FRUMP rely less on text processing and more on
inferences, making for a less accurate representation but a more
rapid processor. The consistency of this design with the
hypothesjzed human processes of text processing and inference are
remarkable.

The processing based on sketchy seripts depends on selection
Of the appropriate sketchy script. Selection mechanisms were
briefly mentioned in Chapter I, but will be repeated here. The
text may contain explicit reference to a seript, activate an
inference implylng that the defining action of a seript has
occurred, or contain explicit reference to an action that is part
of a script's set of requests. In the first two cases scripts can
be activated directly, but in the third instance there must be a

way to conclude which 3cript is referenced by the action. FRUMP
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uses a discrimination tree which is given the conceptualization
containing the action. The conceptualization is filtered through
the tree wuntil the appropriate seript is foumd. These seript
selection processes are dependent on a mixture of text
information and prior inowledge, as would be true of readers who
are attewpting to initially determine the topic of a text. FRUMP
confines these processes to the first paragraph of a story,
however, which means that it is dependent on a newspaper story
structure. T™his is very much like the hypothesized differences in
processing of narrative and newspaper stories described in
Chapter III. In reading narratives, a successful program would
have to be ready to activate seripts throughout the story. This
capability may prove as costly to machine resources as it did to
human resources in Experiment 2.

Finally, FRUMP's objective is to provide a story summary
based on the important information represented as sketchy seript
requests. Only this information will be fully processed ,
represented, and output by FRUMP. As a result, FRUMP cannot be
considered a complete model of human processing and comprehension
as  subjects apparently are capable of comprehend ing and
remembering irrelevant or wimportant information while skimming .
To the extent that camprehension of wimportant information is
part of the selection process, models of siimming should include
at least limjited processing and representation in memory of
wnimportant fnformation. In FRUMP, the processing s so

conceptually driven that this does not appear feasible

, a8 only
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requested information receives adequate processing for inclusion
it memory. In this respect, FRUMP may be an ideal conceptually
driven processor, reaching beyord the constraints of human
processing limitations. The final output of FRuMP is a summary of
important information and £f subjects were in agreement with or
instructed to search for the important information a:‘deﬂned by
sketchy scripts, their summaries of stories most likely would be
highly similar to FRUMP's. If subjects were asked to recall a
story, though, recall protocols likely would contain some detail
information as evidence of at least superficial processing of
unimportant inforwation. On the other hand, {f given instructions
to process stories for highly specific information at high rates
of speed, such as number of people killed or an earthquake's
rating on the Richter scale, subjects may be able to process
stories more selectively in a manner quite similar to FRUMP with
little or no processing of 1rre1‘evant information. This idnd of
processing approaches what might be considered scanning for
specific information, rather than skinming for the gist of a
story.

Given these considerations, FRUMP might be interpreted as a
acanuing program with pewerful capabilities regarding
determination of story topics. From a more general perspective,
FRUMP should be regarded as a skipming program with strictly
pre-defined macrostructures for different topics and powerful
conceptually driven mechanisas for comprehension., The existence

2f these possible interpretations attests to FRUMP's potential
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gererality as an artificial intelligence progras and as a mocel

of human inforwation processing.
Future Considerations

In this concluding section I would like to propose a general
plan for further research on rapid reading processes, The types
of rapid reading that, at this time, appear to be sost wrthy of
study are sidmming, speed reading, and ascanning. The latter
Process is broadly defined here to mean rapid searching through a
text for some small number of specific pieces of information that
might easily be detected due to wniqueness of visual patterns,
such as numbers. In scanning, as opposed to skimeing, the
objective 1s not to forw a macrostructure but to locate and read
a particular set of information that represents a very seall part
of a text. Even in this case the basic macrostructure foreation
operations may be in effect. Or the reader ®ay not process
inforeation that does not match some predefined visual patters.
In speed reading, the process of training and extremely rapid
reading rates are the defining characteristics. for all three
rapid reading wmethods a number of theoretical gquestions can be
posed, and various empirical paradigms developed. Whatever the
reading wmethod, the procedure of presenting story materials
should be as natural as possible so that usual reading processes
are not seriously disrupted. Self-paced and experimenter-paced

reading rates were usad here, and both provided reasonable and

consistent results.




