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Abstract

The perceived topic of a passage should determine what
information is given priority in storage effort for later
recall. The topic should also determine how effective a later
recall cue should be, in that recall should be best if the cue
is the same as the passage topic. These issues were studied by
investigating cued recall of passages that contained information
about two candidate topics, either of which could be marked as
the passage topic by intial mention or the sentence surface
subject position. The recall cue either matched or mismatched
the marked candidate topic. If the cue matched the topic,
recall about the marked item was greater than recall about the
unmarked item. If the cue mismatched the topic, recall about
the two items was roughly the same, unaffected by the topic
marking. But the matching and mismatching cues produced the
same overall level of recall. In contrast to the original
hypothesis, the results are interpreted as the topic marking and
recall cue acting as instructions for what information the
subject should emphasize in recall. It is argued that the
two-topic passages used in this work are processed differently
than the usual one-topic passages used in prose memory studies.

I
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Topicalization Effects in Memory for Technical Prose

David E. Kieras
University of Arizona

Some of the information in a piece of prose is more
important than the rest of the information. If one is asked to
study a passage, one should remember the more important
information better than the less important information. This
fact is well documented under the name of the "levels effect" in
which information at a high level of importance in a
propositional analysis of a passage is better recalled than
information at low levels (see Johnson, 1970; Kintsch & Keenan,
1973; Kintsch, Kozminsky, Streby, McKoon, & Keenan, 1975;
Kozminsky, 1977; Meyer, 1977). The importance level is defined
in terms of the hierarchial semantic structure of the passage
information.

The role that importance level plays in current theory of
prose memory is best represented by the macrostructure theory of
comprehension (Kintsch, 1977; van Dijk, 1977; Kintsch & van
Dijk, 1978). According to this theory a reader selects or
constructs a set of macrostructure propositions from the
microstructure propositions presented by the passage. The
macrostructure represents what the reader perceives as being the
gist or important content of the passage. It is this
information that the reader will attempt to store in memory.
The levels effect appears because propositions higher in the
passage microstructure will usually be important
macropropositions as well, or closely related to the
macropropositions, and so are likely to be stored and later
recalled by the reader.

Although the semantic content of the microstructure is the
main determinant of which propositions are important, the
surface structure of the passage should play a role as well.
There are many features of textual surface structure that signal
what content is important, or thematic (van Dijk, 1979). Hence
an effective surface-level signal should influence both readers'
judgements of the topic or theme of a passage, and readers'
recall of the passage. One such signal is a title for the
passage. Kozminsky (1977), using passages with two alternate
themes, found that recall was biased in favor of propositions
relevant to the theme mentioned in the title. Another important
surface-level signal is initial mention; items or ideas
appearing first in a passage tend to be viewed as thematically
important just by virtue of their position (Kieras, 1980).
There is some evidence that natural passages often contain the
main content early in the passage (Kieras, Note 1; Meyer 1977;
Kintsch et al., 1974). Better recall of this
initially-appearing important information has been reported, and
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has usually been attributed to the effect of the importance
level (e.g., Kintsch, et al., 1974; Meyer, 1977). However,
many such studies showing the greater recall of higher
importance information usually confounded semantic or structural
level of importance with the surface-level signal of initial
mention.

Another important surface-level signal to thematic content
is the topic-comment assignment of items mentioned in individual
sentences (van Dijk, 1979; Perfetti & Goldman, 1974, 1975).
The simplest form of this signal is simply which item appears as
the surface subject of the passage sentences. Kieras (in press)
found that this signal influenced what readers chose as the
topical item of a passage; a particular candidate topic was
chosen as the passage topic more often if it appeared as the
surfice subject of the sentences. Clements (1979), using
sentence topic-comment assignments, and other aspects of
assignint,, thematic importance, found that material marked as
important was recalled better th3n unmarked material.

Thus, the reader uses not only the semantic content of the
passage, but also theme-signalin surface features to construct
a macrostructure for the passage, which specifies which
propositions are important, and which are not. Priority for
encoding effort is given to the propositions at the top level of
the macrostructure, while the low level ones get less effort.

The macrostructure theory mainly deals with construction
and storage of important passage information. But consider how
readers might retrieve information from a previously studied
passage when given a cue to the content. A notion advanced here
is that the macrostructure of the passage not only determines
what is to be stored, but also what the retrieval routes for
that information might be. That is, the reader selects the main
item, or main referent, of the passage, around which the
macrostructure should be organized (see van Dijk, 1979; Kieras,
1980), and uses this perceived topic as a sort of "address" for
storage. When given a cue for recall, the reader looks first
under the corresponding "address" in memory for the passage
information. If the desired information is found, recall
procedes smoothly. If not, the retrieval attempt will be
disrupted, and a different retrieval strategy must be used,
resulting in poorer recall. Hence the originally perceived
topic of a passage will influence the effectiveness of a recall
cue; a cue that matches the topic should be superior to one
that mismatches. Such an effect would be a prose memory analog
to the "encoding specificity" principle studied heavily in
verbal learning.

These topic and cue effects in recall would be important in
a practical setting in the design of documents such as technical
manuals for equipment maintenance. Suppose that a technician
discovers that he or she had to make a certain adjustment on a
piece of equipment that was described in a piece of prose
material read earlier. The name of the adjustment is the
retrieval cue; if this item was orginally perceived as the
topic of the prose material, recall of the adjustment procedure
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should be better than if the adjustment had appeared only as a
piece of detail on the fringes of the passage macrostructure.

Unfortunately, most recent prose memory studies use either
a free recall paradigm, or do not manipulate both the recall cue
and the passage topic. The two studies reported here fill this
gap concerning the role of topicalization in cued recall, using
brief technical passages. The question is whether marking an
item as the passage topic affects cued recall for propositions
about that item. Initial mention is the topicalization marker
employed in Experiment 1, and initial mention and surface
subject assignment are used in Experiment 2. An important
feature of these experiments is that the topic marking was done
independently of the specific passage content. Thus recall of
exactly the same material can be compared for when it is marked
as a topic and when it is unmarked. This was achieved by using
passages chosen from earlier studies (Kieras, Note 1, 1980) that
each had two candidate topics, either of which could be marked
as the passage topic. Recall was compared for cases in which
the different candidate topics were marked as the passage topic,
and the different candidate topics served as the recall cue.

EXPERIMENT 1

In this experiment, several two-topic passages were used,
with the topic marking produced by which candidate topic was
described first in the passage. Kieras (1980) showed that
readers tend to view the first-mentioned item in such passages
as the topic. An example passage is shown in Table 1, in which
the two candidate topic items, labelled A and B, are
Biotransformation and The Liver. The passage consists of two
sentences about item A, two sentences about item B, and a
linking sentence that connects them. The A-first version
consists of the two A sentences followed by the linking sentence
followed by the two B sentences. In the B-first version, the B
sentences appear first, then the linking sentence, and the A
sentences come last. The passages were prepared to be
reasonably comprehensible in both versions.

Such passages are rather unnatural, but the use of
unnatural verbal material is a standard method of gaining
experimental control. Furthermore, Kieras (1980) showed that
such passages produced well-behaved effects in tasks requiring
the subject to pick one of the two candidate topics as the
passage topic. Hence use of such materials to study
topicalization effects in recall is justified, although there
are problems in ensuring that the two candidate topics are of
equal salience (see Kieras, Note 1, 1980). But these results
show that recall is influenced by which candidate topic was
marked by initial mention and also by which was cued.

i -
I L I i
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Table 1

A-First and B-First Versions of an Example Two-Topic Passage

A-First Version

Biotransformation is the chemical transformation that causes the
inactivation of drugs, the detoxification of environmental
pollutants, and the deactivation of chemicals that can cause
cancer. Biotransformation of' harmful agents involves an
oxidation reaction which is mediated by complex enzymes, and if
this process does not take place, a drug entering the body may
act indefinitely. Biotransformation defends the body against
the effects of toxins and is carried out in the liver. The
liver, weighing three pounds in the human adult, is the largest
organ in the body and performs diverse functions. Through the
large portal vein of the liver passes all the blood that has
absorbed digested food and other substances from the intestines.

B-First Version

The liver, weighing three pounds in the human adult, is the
largest organ in the body and performs diverse functions.
Through the large portal vein of the liver passes all the blood
Lhat has absorbed digested food and other substances from the
intestines. Biotransformation defends the body against the
effects of toxins and is carried out in the liver.
B' iotransformation is the chemical transformation that causes the
inactivation of drugs, the detoxification of environmental
pollutants, and the deactivation of chemicals that can cause
cancer. Biotransformation of harmful agents involves an
oxidation reaction which is mediated by complex enzymes, and if
this process does not take place, a drug entering the body may
act indefinitely.

--
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Method

Materials. Eight passages were selected from those
reported in Kieras (Note 1, Experiment 4) that showed good
effects of the initial mention variable. These passages would
thus be expected to produce different apparent topics when
presented in the two orders. A propositional analysis was
performed on the passages, based on Kintsch (1974) and Turner
and Greene (Note 2). For each passage, two cues, one or two
words long, were devised that named each candidate topic of the
passages. The passages were prepared as small booklets, one for
each subject, one passage per page.

Design. The experiment was within-subjects, with four
conditions, corresponding to the two passage versions, A-first
or B-first, combined with the two possible cues, the A cue or
the B cue. A series of 8 by 8 random latin squares was used to
determine the assignment of passages to version and cue
conditions for each subject, ensuring that for multiples of
eight subjects, each passage would appear twice in each
condition, and each subject saw each condition twice and each
passage once. Another series of latin squares was used to
balance the order of appearance in the booklets.

Subjects. Forty-eight subjects of both sexes participated
for extra credit in an introductory psychology course. The
session required about one hour.

Procedure. The subjects were run in groups of up to twenty
in size. The subjects studied each passage in their booklets,
being paced by the experimenter at one minute per passage.
After reading all eight passages, subjects immediately began
working on a distractor task consisting of a large sheet of
arithmetic problems. After eight minutes had elapsed, subjects
were instructed on the recall procedure. Each subject was given
a booklet consisting of' eight pages, with a cue word for one of
the passages at the top of each page. The recall cues were
arranged in the same order as the passages for each subject.
The subjects were instructed to write as much as they could
remember, in their own words, of the passage corresponding to
the cue word. They were paced at three minutes for each passage
recall attempt.

Results

. The recall protocols were scored blind, without knowledge
of the original passage version condition, for reproductions of
the passage propositions. The scoring criterion was fairly
strict; only exact reproductions of propositions, with synonyms
allowed, were counted as recalled. This, together with the
delayed-recall procedure, produced a fairly low level of recall,
around 11% on the average. Two independent blind scorings were
performed on the recall protocols, and then the scorer was
included as a factor in the analysis. Recalled propositions
about each candidate topic item were tabulated, but the
propositions from the linking sentence were not included. Hence
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the analyses were done only on the recall of propositions from
the two sentences about each item. The amount of recall was
converted to proportions to eliminate the slight differences in
the number of propositions contained in the sentences and
subjected to an ANOVA. The factors in the analysis were the
scoring rater, the item of recall, whether the cue matched or
mismatched the first-presented item, and the passage version.
In these experiments, the materials were not randomly sampled,
but carefully constructed arid selected to produce the intended
topic manipulation. Hence passages were not treated as a random
factor (see Wike & Church, 1976; Clark, Cohen, Smith, & Keppel,
1976

The second rater produced scores that were very slightly
higher than the first rater (10.6% versus 11.3%) which although
marpinally significant (F(1,47)=3.25, p<.l) shows very good
uniformity in the scoring. The only other rater effect to
appear was in the highest order interaction, which will be
discussed below.

The mean proportions of recall of fach candidate topic item
in each condition are shown in Table 2. The main results
a ppeared in two interactions. The item by version interaction
wZ.s sitgnificant (F(1,47)=14.82, p<.O1). This effect was that
recall of' a item was best when that item was presented first.
[ut the key result is shown in Table 2. This interaction of
item with cue and version was strongly significant
(V( l,47)=i4.49, p<.01). As shown in the table, when the cue
matches the first-presented item, recall of this item is higher
than for the other item. However, if the cue mismatches the
first-presented item, the passage version has no effect on
recall. Note that recall of propositions about the B items was
,r eater tnan about the A items, being 13.3% versus 8.8%
( 1 1, =7): ) 0S .28, p<.O1).

Thte interaction of the Three-way interaction with rater,
al]luded to above, was significant (F(1,47)=8.75, p<.01), but
pr{esents no problem in interpretation because the ordering of
the cell means for each rater show exactly the same pattern.
Ihu four-way interaction means only that the first rater's
:;uor'es show the Table 2 interaction slightly more strongly than
tie second rater's scores. No other effects approached

~s i guni fic;ince.

DISCUSSION

The result that information about an item presented first
in a passage is recalled better than for an item presented later
duplicates that reported by Meyer (1977) and others that recall
is better for the first mentioned material. However, this
result i.s stronger in this study since order of appearance in
the passage was manipulated separately from the semantic content
,.d)Ci ated with the item. Thus even though the most important
content. normally appears first in a passage, initial mention
influences recall because it has topic-signalling value in
St:;el f.
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Table 2

Mean Proportion of Recall About Each Item

Item of Recall

Cue Type Version A B

Matching A .14 .07

B .07 .18

MisMatching A .07 .15

B .07 .13

Note. The standard error of these means is about .01.

I1

L.

Vi
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The results in Table 2 however, contain a more
theoretically interesting result, that recall about an item is
specific to the relation of the recall cue to the originally
perceived passage topic. That is, if the cue matches the
perceived topic, recall favors the cued item, but if the cue
mismatches, the originally perceived topic is irrelevant to the
amount of recall. The topic apparently does not govern what the
reader stores, since in the mismatching cue case there is no
effect of the passage version. Rather, the originally perceived
topic seems to determine how useful a later recall cue will be.

There are two problems with these results. The first
problem is that the item B propositions are better recalled
overall than item A propositions, which confuses the results.
In contrast, as presented in more detail in Kieras(Note 1,
1980), in these passages the A items are generally preferred to
the B items as passage topics. A possible explanation for the
difference between the items is that the B items showed a
tendency to be more specific than the A items, and the facts
stated about the B items tended to be more specific and
concrete. Although the A-B label is clearly arbitrary, in
practice the passages were composed by starting with an A item
and trying to devise a suitable B item; this process apparently
resulted in differences in item salience. For example, the
passage shown in Table 1 had Biotransformation, a general type
of metabolic process, as item A and The liver as item B. Fairly
general statements were made about b-ftansformation, while
rather specific facts were stated about the liver. It could be
that the more general candidate topic makes the best choice for
the passage topic, since it logically subsumes the other
possible passage topic, but highly specific facts about a
:;pecific item are easier to recall in this type of memory
experiment. This problem was explored in the second experiment
by using passages for which normative topic choice data was
aivailable, and comparing passages that showed either a strong
bias in favor of one item being the topic, or essentially no
such bias.

The second problem is that since the topic marking
manipulation involved a serial position manipulation, the
observed effects may be due to simple serial position effects
rather than to topic marking. Thus the results could be
explained as follows: In the matching cue condition, subjects
aIlre able to start their recall with the cued item and then
reia] I the passage sentences in the same order as originally
pre3ented. The unmarked item information is recalled poorly
bec;iuse it is recalled last, and so suffers from output
interference. Hence a result like Deese and Kaufman's (1957)
primacy-only serial position curve appears. In the mismatching
cue condition, the cue encourages the subject to start in the
middle of' the passage, thus disrupting the normal serial order
of recall, leading to poorer performance, and making the
oriiinal version of' the passage irrelevant.

The attack on this problem used in Experiment 2 was to
include a different passage topic marker, sentence surface
;ubject assignment. This marker would allow different candidate
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topic items to be marked as topical by changes in the sentences,
without changing the order of the sentences in the passage.
Also, detailed data was collected on the order of sentences in
the recall protocols, which would allow serial position effects
in recall to be directly examined.

EXPERIMENT 2

In this experiment, passages of three types were used:
balanced, biased, and surface subject. The balanced and biased
passages appeared in either theAT-first or the B-first order.
The balanced passages were selected to show little or no bias in
item choice, and the biased were chosen to show a strong bias.
The surface subject passages appeared in either of two versions,
which differed only in which candidate topic appeared as the
surface subject of all of the passage sentences. As in
Experiment 1, recall was cued with either of the two candidate
topics.

Method

Materials. Using the materials and results from Kieras
(1980, in press), six passages were selected, two of each of the
three types balanced, biased, and surface subject. The
candidate topic items of the passages used, together with the
proportions of choices of each item and the sample size for
these proportions, are shown in Table 3. The balanced and
biased passages were chosen from those used in Kieras (1980), in
which subjects chose one of the two candidate topics in a
forced-choice procedure. The surface subject passages were
chosen from those used in Kieras (in press), in which subjects
generated noun phrase statements of the passage topics; these
were scored for which one of the candidate topics they referred
to. Since the statements may have referred to something else,
these choices are not exhaustive. For ease in reference here,
the label of item A was assigned to the candidate topic that was
preferred, even slightly, in each passage.

The balanced passages were chosen to show a symmetrical
effect of initial mention on topic choice with very little bias
in favor of one of the items. As can be seen in Table 3, for
both balanced passages, there is a strong initial mention
effect, and the choices of the two items overall are almost of
equal frequency. The biased passages were chosen to show a
strong topic bias. The Table 1 example is a biased passage used
in this experiment. As shown in the table, there is a strong
bias in favor of item A, which in both passages is a very
general abstract concept, while item B is a very specific and

* ,concrete item. The effect of topicalizing B by initial mention
is only to weaken the preference for item A. Finally, the
surface subject passages were chosen to show a substantial
effect of which candidate topic was marked by appearing as the
surface subject of the passage sentences. Table 4 shows one
these passages; item A is vaccines, and item B is virus. Due
to the difficulty of composing such passages, equatin-gT- items
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Table 3

Proportion of Choices of Item A and Item B

for Each Passage Type.

Topicalization

Version

A B Overall

Passage Items (A/B) Choice: A B A B A B

Balanced (N=214)

Corona/Solar Wind .83 .17 .29 .71 .56 .414

Isomers/Retinene .79 .21 .25 .75 .52 .148

-Bia-sed. (N=48)

Bioluminescent light/flashlight fish .83 .17 .65 .35 .714 .26

iiotransformation/liver .914 .06 .60 .140 .77 .23

Surface ",ubject (N=11)

Vaccine/vi rus .91 .00 .36 .27 .614 .114

iwdj() 1galaxies/Badio waves 1.0 .00 .145 *1)5 .72 .27
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Table 4

The A-Topicalized and B-Topicalized Versions

of an Example Surface Subject Passage

A-Topicalized Version

A vaccine is prepared by somehow weakening a virus, often by
inactivating the DNA and using the protein coat which can be
injected to stimulate the immune system of the body. Vaccines
require for their preparation the keeping of a large supply of
virus that is usually grown in systems such as egg or cell
cultures. A vaccine is now under test that may soon control the
virus, Hepatitis B, that produces a serious and very
debilitating disease. Vaccines have become available against
many viruses that once caused diseases which were common and
often incurable although some diseases still cannot be
controlled this way. Vaccines were originally discovered and
developed by men like Jenner who showed that the virus that
causes cowpox, a very mild disease, could prevent infection by
the dreaded smallpox.

B-Topicalized Version

Viruses that have somehow been weakened, often by inactivating
the DNA and using the protein coat, are used to prepare vaccines
which can be injected to stimulate the immune system of the
body. Viruses must be kept in large supply in order to prepare
vaccines and are usually grown in systems such as egg or cell
cultures. The virus, Hepatitis B, that produces a serious and
very debilitating disease may soon be controlled by a vaccine
now under test. Viruses once caused many common and often
incurable diseases until vaccines against them became available,
although some diseases still cannot be controlled this way. The
virus that causes cowpox, a very mild disease, was shown by
Jenner, one of the original discoverers and developers of
vaccines, to prevent infection by the dreaded smallpox.

1

Si$
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on salience was not attempted for the work in Kieras (in press);
the item choices are thus biased. But notice that there is not
an obvious difference in the generality or concreteness of the
two items, as is the case in the biased passages. Thus, in the
A-topicalized versions of the passages, A was quite the dominant
choice for tile topic, but in the B-topicalized versions, A and B
were chosen roughly equally often. Thus overall, there is a
bias in favor of A.

As in Experiment 1, for the balanced and biased passages,
the h-topicalized version consisted simply of the same sentences
,_s the A-topicalized version in a different order. The surface
subject passages, however, contained different sentences in the
two versions, which conveyed the same propositional content, but
differed in which candidate topic appears in the subject and
which in the predicate. All of the passages were five sentences
lung, and were computer justified and printed to occupy about 14
lines . Fach passage was printed on a separate page, and the
pafes assembled into booklets for each subject. Each subject's
booklet contained first a page of instructions, followed by six
passage pages, followed by a page of arithmetic problems for a
distractor task, followed by a page of recall instructions and
six recall pages, each containing a cue word that was one of the
two candidate topics for one of the passages. The cue words
appeared in the same order as the corresponding passages. The
order of appearance of the passages in the booklets was
separately randomized for each subject's booklet.

lesign. The design was between-subject; there were four
groups, each of 15 subjects, one for each combination of passage
version (A topicalized or B topicalized) and recall cue (A or
B[. Each subject studied the appropriate version of each of the
six passages. The design ensured that if a multiple of four
subjects were run, each passage appeared equally often in each
version-cue combination.

Subjects were assigned to one of the four version-cue
combinations in the order that they appeared for the experiment,
with each combination used once in each consecutive group of
four subjects.

Subjects. Subjects were 60 University of Arizona
undergraduates, recruited through campus advertisements, who
were paid $2 for participating in the one-hour experiment.

Procedure. Subjects were run in groups of one to several
people. -ter reading the instructions on the first page of the
booklet, the subjects read each passage in their booklets one at
a time, being paced at 2 minutes per passage. The instructions
asked the subjects to try to remember the facts and ideas in
e;ch passage and not to attempt to memorize the exact wording.
, 1After completing study of the last passage, the subjects worked
the page of arithmetic problems for eight minutes. Then the

subjects read the recall instructions, and then began to work oni ,ic recall pages in the booklet which were blank except for a
uc word at the top of each page. They were instructed to

rr ,; I in their own words as much as they could remember about

1 
6
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the passage corresponding to the cue word, writing in the space
provided on the page. They were paced at three minutes per
recall page, and were not allowed to go back.

Results

Recall. The passages were propositionalized as in
Experiment 1, and the recall protocols were scored for
reproduction of each passage proposition. The scoring was done
blind with regard to the presented version for the balanced and
biased passages, and blind with regard to the recall cue for the
surface-subject passages. Scoring was done independently by two
judges, and then a third judge reconciled the two sets of
scorings to yield a final single scoring.

Two scoring criteria were used, one a strict scoring in
which only exact reproductions of propositions, with synonyms
permitted, were counted. A liberal scoring was also done, in
which all propositions were counted as recalled that the subject
must have known in order to produce his or her recall protocol.
In the major analyses, this highly subjective scoring yielded
results comparable with the strict scoring, but produced weak
and ambiguous effects in the secondary analyses of each passage
type. Hence the strict scoring only will be reported.

The passage propositions were labelled according to whether
they were about item A, item B, or something else. A
proposition was designated as being about an item if it either
contained the item as a argument, or it embedded or was embedded
by a proposition that did.

The data were then expressed as proportions of presented
propositions that were recalled for each subject for each
candidate topic item in each passage, and subjected to ANOVA.
The within-subject factors were passage type (balanced, biased,
and surface subject), passages within types, and item of recall
(A or B). The between-subject factors were passage version (A
topicalized or B topicalized) and cue type (matching the
topicalized item, or mismatching the topicalized item). Table 5
presents the mean proportions of recall for the strict scoring,
for each combination of passage type, item of recall, passage
version, and matching or mismatching cue.

Overall the liberal scores were considerably higher, with a
mean of about .36 compared to the strict score mean of .16.
Since the key effects in the strict scores are replicated in the
liberal scores, the effects can not be attributed to floor
artifacts, despite the low level.

In the strict score ANOVA, there was a main effect of item
of recall, in which topic B was recalled more, at .18, than A,

I yat .14 (F(1,56):13.61, p<.01). This result is similar to that
in Experiment 1, in which A, the predominant topic, was recalled
less than B. There was no main effect of passage version (F<1).
Note especially that there was no main effect of cue type (F<1).
There was a main effect of passage type: Balanced were recalled
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Table 5

Mean Proportion of Recall about Each Item

for Each Passage Type

Passage Type

Balanced Biased Surface Mean
Subject

Item of Recall: A B A B A B A B

Cue Version

Matched A .20 .11 .20 .26 .17 .13 .19 .17

B .13 .18 .05 .25 .11 .16 .10 .20

Mismatched A .11 .12 .12 .30 .12 .10 .12 .17

B .17 .19 .18 .23 .16 .12 .17 .18

Note. The standard error of these means is about .05 for

between-subject comparisons and about .04 for within-subject

comparisons.
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at .15, biased at .20, and surface subject at .13
(F(2,112)=8.94, p<.01). There was also a main effect of
passages within types (F(3,168)=13.58, p<.01), and an
interaction of item of recall with passages (F(3,168)=13.82,
p<.01). The effect of item of recall differed for passage types
TF(2,112)=15.34, p<.01), as can be seen in the means in Table 5.
This interaction is that both items were recalled equally well
overall for the balanced and surface subject passages, but for
the biased passages, item A was recalled at the same mean level
as in the other types, but item B propositions are recalled
about twice as often.

The key result is the interaction between item of recall,
passage version, and cue type (F(1,56)=19.88, p<.01), shown in
the last columns of Table 5. The effect is that for matching
cues, there is the same topic effect seen in Experiment 1, in
which recall of a item is superior if it was originally
topicalized. For the mismatching cue, the recall does not
follow this pattern, but shows the overall recall superiority of
item B. Inspection of the table shows that this pattern differs
over the passage types, but the four-way interaction including
passage type was not significant (F(2,112)=1.35, p>.1).
However, this could be due to low power, since the analyses
below show clear differences between the passage types.

Recall in Each Passage Type. Three separate ANOVAs were
done on the strict scores, one for each passage type, including
all of the previous factors except passage type. These show how
the overall results appear in each passage type.

The balanced passages showed a main effect of passage
(F(1,56)=23.41, p<.01) but no interaction of passage with other
factors. Item of recall and version interacted (F(1,56)=4.42,
p<.05), such that recall of B was higher for version B, but
Tower for version A, whereas recall of A was unafffected by
version. The main result appeared as the interaction between
recall item, version, and cue type, which just missed
significance at .05 (F(1,56)=3.81, p<.1). As shown in Table 5,
there was a strong topic effect for matching cues, but for the
mismatching cues, there was only an effect in which the B
version was better for both items of recall.

The surface subject passages were similar to the balanced
passages. Again there oias a main effect of passages
(F(1,56)=20.52, p<.01), but there was an interaction of passage
with recall item-and version (F(1,56)=5.20, p<.05). However the
main result again appeared in an interaction between recall
item, version, and cue type (see Table 5) that resembled the
balanced passages (F(1,56):5.20, p<.05). Again there is a topic
effect for the matching cue.

The biased passages, however, were rather different from
the other two types. There was, as it happened, no main effect
of passage, but there was an interaction between item of recall
and passages (F(1,56)=33.10, p<.Cl) in which one of the passages
produced equal recall of A and B, whereas the other, the
biotransformation/liver passage, produced a large amount of



Ki eras Page 14

recall about B. Correspondingly, there was a strong main effect
of item of recall (F(1,56)=25.27, p<.01). The three-way
interaction between item-of recall, version, and cue type was
again significant (F(1,56)=8.15, p<.01), but as shown in Table
4, followed a different pattern than in the other types. Recall
of B was superior overall compared to A; if the cue matched the
version topic, recall of B was unaffected, but A recall was
better in the A-topicalized version than in the B-topicalized
version. If the cue mismatched, recall of a item appears to be
better when the cue corresponds to the item of recall (that is,
the mismatched cue for the A version is B, and for the B version
is A), meaning that the passage version is relatively
unimportant. The two individual biased passages, despite the
differences in amount of recall of the items, both follow this
pattern.

Summary of Recall Results. For all passage types, there is
no effect of cue type; mismatching cues produced the same
overall level of recall as matching cues. For matching cues,
the balanced and surface subject passages show better recall of
the item marked as topical by the passage version than for the
unmarked item. In the biased passages with matching cues,
recall of' the preferred topic, the abstract general item A, is
better if it is marked by initial mention, but recall of the
specific, concrete item E is unaffected, and is higher than item
A recall.

For mismatching cues, the results are less neat: The
balanced passages show better recall of both items in the
F-topicalized version than in the A-topicalized, and the surface
subject passages show no differences except for better recall of
A compared to other conditions when it is cued with the
mismatching A cue in the B-topicalized version. Finally, for
the biased passages, the recall of an item seems to be best
under the corresponding cue, even though the cue mismatched the
passage topicalization. The simplest summary of the mismatching
cue results is that each item of recall was either marked as the
passage topic, or appeared as the recall cue. Apparently, in
either case, recall of the corresponding item benefitted, but
the relative strength of these two benefits was not clear-cut,
producing no clear pattern in the mismatching cue condition.

Order of Recall. The order of recall of passage
irtiforn, ation was analyzed as follows: In scoring the recall
protocols, for each proposition scored as recalled, the serial
number of the subject's sentence containing that proposition was
noted. Hence if a subject recalled a certain proposition in his
o her third sentence in the recall protocol, that proposition
was assigned a recall sentence number of 3. Protocols
containing either no recall or only one sentence of recall for a
passage were not included. The average sentence of recall for
propositions expressed in each of the original passage sentences
is shown in Table 6. Note that for balanced and biased
passage, , sentences 1 and 2 contain the propositions about the
first-mentioned item, and sentences 4 and 5 those about the
second-mentioned item. For surface subject passages, each
sentence contained both items. Overall, the recall sentence

L -4-" _
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Table 6

Mean Number of Sentence of Recall for

Propositions in each Original Passage Sentence

Passage Sentence

Passage Type Cue Type Version 1 2 3 4 5

Balanced

Matched A 1.21 2.16 2.88 2.81 3.69

B 1.36 2.22 2.86 3.63 4.45

MisMatched A 2.16 2.07 2.03 1.79 2.51

B 1.54 2.45 2.27 2.76 2.92

Biased

Matched A 1.11 2.14 2.52 3.17 3.39

B 1.39 2.25 3.00 2.64 3.92

MisMatched A 1.71 2.07 2.69 2.08 3.45

B 1.62 1.95 2.08 2.77 3.69

Surface Subject

Matched A 1.51 2.45 2.93 3.46 3.50

B 1.38 2.94 2.86 2.71 3.14

MisMatched A 1.71 2.29 2.82 3.50 3.47

B 1.51 2.09 2.62 2.98 4.16

- - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - -
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numbers increase smoothly with the original passage sentence
numbers, meaning that the recall was generally written in the
3amre order as the original passage information appeared in. Two
conditions stand out as violating this relationship: In the
balanced passages, the A Version Mismatching Cue condition has B
recall coming both first and last on the average, with A recall
in the middle. In the surface subject passages, the B Version
Matching Cue condition shows a reversed order of the middle
sentences. With these two exceptions, the correspondence to
input order is very good.

A simple correlational analysis was done to assess the
relative importance of version and cue on recall sentence order.
The recall sentence numbers were converted to a proportionate
measure by dividing them by the number of sentences in the
recall protocol. Point-biserial correlation coefficients were
then computed separately for propositions about item A and item
F, with the mean sentence number of recall being the continuous
variable, and either version or cue being the dichotomous
variable. Each individual recall protocol for a passage
contributed one data point. These correlations, along with
their t values and significance, are shown in Table 7.

Notice first of all that the correlations are essentially
zero for the surface subject passages; since each sentence
mentioned both items, this is to be expected. But note that
from Table 6, recall order was still substantially the same as
input order for these passages. Hence, neither version nor cue
influenced order of recall for the surface subject passages.

Next consider the correlations for the biased passages.
The correlation of version with recall order is much stronger
than the correlation of cue with recall order. Finally, for the
balanced passages, the correlations of cue with recall average
about .27, but the correlation of version with recall averages
higher, at about .36. The version correlation for A recall is
depressed due to the one bad condition for recall order noted
above.

Hence the order of recall generally seems to be closely
related to the original version of the passage, with relatively
little relation to the recall cue. This suggests that when
given a recall cue, subjects generally recall the passage in
roughly the same order as the original, regardless of the cue.

DISCUSSION

Simple Serial Order Hypothesis. The hypothesis was
presented above that the topicalization and cue effects from

' Experiment 1 can be explained in terms of output interference

re.-ulting from either facilitation or disruption of the
subject's strategy of recalling the passage information in the
same order as originally read. This hypothesis can be
criticized as follows: First of all, it predicts only that the
last-recalled information will suffer; it does not naturally
explain how or why the recall cue would influence recall.
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Table 7

Mean Proportionate Sentence of Recall

and Point-Biserial Correlations between

Sentence of Recall and Passage Version and

Sentence of Recall and Cue

for Propositions about each Item of Recall

Passage Type Item Version Mean rpb Cue Mean rpb

Balanced
A A .68 A .68

-. 277** -. 266*
B .81 B .81

B A .78 A .74
•443** .288**

B .57 B .61

Biased
A A .55 A .61

-. 565** -. 274**
B .79 B .73

B A .80 A .70
.593** .200*

B .50 B .60

Surface Subject
A A .63 A .64

-. 053 .039
B .64 B .63

B A .72 A .72
.016 .011

B .72 B .72

* Value of rpb significant at .05; * at .01.

hI
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Secondly, under this hypothesis, one would expect that the
overall level of recall would be worse under the mismatching cue
condition than the matching condition, since the mismatching cue
would always produce disruption of recall, while the matching
one would not. However, the average level of recall did not
dif'er between cuing conditions. Third, the same class of
effects was observed for the surface subject passages, in which
information about the two items was distributed almost uniformly
throughout the passage. Serial order of recall within sentences
for the surface subject passages could not be invoked, because
the data on surface subject of recall sentences strongly
suf,,Vests that this information was not retained that well.
Finally, the order of recall data gives little support to the
disruption hypothesis: Subjects made little effort to recall
the cued item information first, but rather generally tried to
recall in the same order as the original passage. Hence the
hypothetical disruption of recall order has no clear
manifestations.

Thus, the observed effects should be attributed to
.iterations in the perceived topic of the passages, not to
disturbances in the order of recall.

Re producti on of Input Order. Apparently subjects can
retain certain features of the surface form of a passage, as
,hown by the similarity between input and output order seen in
these results, and observed before by Deese and Kauf'man (1957).
However, it is not the case that this is simply verbatim memory
for the passage content. For one thing, a strict propositional
scoring is very sensitive to near-verbatim recall; if the
recall had much verbatim content, the scored level of recall
wouli be considerably higher. Thus the low level observed means
t hat there is little verbatim or near-verbatim content in the
recall protocols. Another argument that the recall has little
verb;tim content is based on which item appeared as the surface
sub ect of sentences in the recall protocols for the surface
nubject passages, in which one item was the subject of all of
tie sentences. Only 37% of the recall sentences had the same
referent for the surface subject as the original passage
sentence.,; 21% had the other candidate topic as the surface
s;ubject , and 44% had some other surface subject. Thus even this
:;lrIFe and distinctive feature of sentence surface structure is
n )t very well retained.

lo,)w is the similarity between input and output order
explined if there is little verbatim-level retention of the
pa1;),sifc? What readers could actually be remembering is the
order of information in the passage macrostructure. That is,
the technical passages used in these experiments could have some
.chema-like properties in which information is presented in some
no)rmnative order (see Kieras, Note 3, for further discussion).
or example, the first sentence about a topic item was usually a

fairly feneral statement, and was followed by more detailed
information. If' the passage macrostructure had a tree-like form
thait was recalled starting with the more important information
at the top of the tree and proceding to the detail information
nir the bottom of the tree, then the order of output of the
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propositions would resemble the order of the propositions in the
original passage, even without retention of the actual verbatim
surface form.

Distinction between topicality and memorability. The
results for th- biased passages make tFe interesting point that
topicality and memorability of a passage item are distinct
characteristics. The abstract general terms were heavily
favored as passage topics, but the specific concrete items
subsumed under these topics were much better recalled. This
argues that standing in the passage macrostructure is not the
only determinant of recall of a passage proposition.

Topics and Cues as Recall Instructions. Both intuition and
the memory-location model for topic and cue effects presented
above would predict that recall would be best overall for
matching cues, and wors' overall for mismatching cues. However,
the actual results contradict this model. The overall recall
does not differ with cue type. Hence, what is being affected is
not how much subjects recall from the passage, but rather what
subjects recall. This pattern is clearest in the balanced and
surface subject passages. When the recall cue corresponded to
the original passage topic, the subject favored this topic in
his or her recall, but there was some recall about the other,
non-marked, item in the matching cue condition. This argues
that the subject has memory access to the item although it was
neither marked as the passage topic nor cued. In the mismatched
condition, the two candidate topics seem to be roughly equally
well recalled in these passages. Since one item was marked in
the passage, and the other was cued, perhaps subjects were able
to give them similar success in recall, again implying that
information about the two items is equally available.

Hence the effect of topicalization in these passages does
not seem to be that of altering how much information was stored
about each item. Rather what could be going on is that the
topic marking is an aspect of the passage that the subject
stores, more or less independently of the propositions retained.
Suppose then, that the reader is asked to recall the passage
about a certain item, and also remembers that this item was
marked as the topic of the passage. Then he or she interprets
this situation as a task demand that this topical item is more
important to recall than the unmarked item, and so favors it in
the recall effort. If the cued item is not the passage topic,
the reader feels little need to favor one of the items over the
other, and so recall of the two items is roughly equal. Thus
the passage topic and recall cue act like instructions to the
subject about what portions of the passage he or she should
attempt to recall.

This explanation is in conflict with the macrostructure
theory presented above, in which topicalization would govern
storage priorities. This theory has been supported by many
experiments in which information higher in the passage
macrostructure is recalled better than information lower in the
macrostructure. It seems reasonable to hink that a
manipulation that alters the topic of the passage would alter
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its macrostructure, and so should change which information would
be remembered better. The Kozminsky (1977) study and the
britton, Meyer, Simpson, Holdrege, and Curry (1979) study show
just such effects. But there are several differences between
tile present experiments and those supporting the macrostructure
theory. First of all, the usual prose memory experiment is done
with a free recall paradigm, or with a cue corresponding to the
single, unambiguous passage topic. The passages usually used
probably have a "tighter" macrostructure than the two-topic
passages used here, in that the structure would be organized
around one main item, and would have a relatively neat tree-like
structure. But the two-topic passages could be viewed by
subjects as having two distinct, but interconnected, structures,
one organized around each candidate topic, and one of these
marked by the textual surface structure as being more
thematically important than the other.

In processing an ordinary passage, the reader could select
for storage the most important propositions about the single
topic. In processing one of the two-topic passages, the reader
could select for storage the most important propositions about
each of the two candidate topics, and also remember which was
supposed to be more important. When asked to recall, the reader
of an ordinary passage has no problem; any cue to the topic
corresponds to the top level of the passage information in
memory. but the two-topic passage reader must make a choice
which of the two structures to emphasize in recall. The
relation of the original topic to the recall cue would be used
to make the choice.

If this characterization of the present results is
accepted, there are two consequences: One is that the
m ,crostructure theory needs to be modified or expanded to take
into account what the reader will do with complex technical
passages that do not have a obvious structure organized closely
:tround a single topic. Clearly some further experiments should
be done on the problem. The second consequence is that certain
seemingly simple questions about prose memory may not be easily
answered. The original question addressed by these studies was
simply whether the topic of a passage governs later recall,
content differences being controlled. The two-topic passages
seemed " a g6d choice as a method to allow altering which item
was topical without making serious changes in the passage
ontent. But if readers process such passages completely

differently from single-topic passages, the role of the1 perceived passage topic in the storage and retrieval of prose
information can not be so easily isolated.

i
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U. S. Army Research Institute for the US Army Institute of Administration

Behavioral and Social Sciences Attn: Dr. Sherrill

5001 Eisenhower Avenue FT Benjamin Harrison, IN 46256
Alexandria, VA 22333

1 Dr. Frederick Steinheiser

HQ USAREUE & 7th Army U. S. Army Reserch Institute
ODCSOPS 5001 Eisenhower Avenue
USAAREUE Director of GED Alexandria, VA 22333
APO New York 09403

1 Dr. Joseph Ward

DR. RALPH DUSEK U.S. Army Research Institute
U.S. ARMY RESEARCH INSTITUTE 5001 Eisenhower Avenue
5001 EISENHOWER AVENUE Alexandria, VA 22333
ALEXANDRIA, VA 22333

DR. FRANK J. HARRIS
U.S. ARMY RESEARCH INSTITUTE
50n1 EISENHOWER AVENUE
ALEXANDRIA, VA 22333

Col Frank Hart
Army Research Institute for the

Behavioral & Social Sciences

5001 Eisenhower Blvd.
Alexandria, VA 22333

Dr. Michael Kaplan
U.S. ARMY RESEARCH INSTITUTE
5001 EISENHOWER AVENUE
ALEXANDRTA, VA 22333

1 Dr. Hilton S. Katz
Tr;aining Technical Area
U.S. Army Research Institute
51l1 Eisenhower Avenue
Alexandria, VA 22333

1 Dr. Harold F. O'Neil, Jr.
Attn: PERI-OK
Army Research Institute
5001 Eisenhower Avenue
Alexandria, VA 22333

* Dr. Robert fAsmror
U. S. Army Research Institute for the

Behavioral and Social Sciences

5001 Eisenhower Avenue
Alexandria, VA 22333

. -. *......
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Air Fore(- Marines

1 Dr. Earl A. Alluisi 1 H. William Greenup
HQ, AFHIRL (AFSC) Education Advisor (E031)
Prooks AFB, TX 78235 Education Center, MCDEC

Quantico, VA 22134

1 Dr. G,:ntcvi,!ve Hladdad
Program Nanager 1 Director, Office of Manpower Utilization

Life r'cienc,.vs Directorate HQ, Marine Corps (MPU)
AFOSR BCB, Bldg. 2009
Polling AFO, DC 20332 Quantico, VA 22134

I Dr. Ross L. Norgan (AFHRL/LR) I DR. A.L. SLAFKOSKY
4rig,,ht -Patterson AFB SCIENTIFIC ADVISOR (CODE RD-I)
Ohio 45S' .3 HQ, U.S. MARINE CORPS

WASHINGTON, DC 20380
1 Re:s +rch uind t.easurment Division

I ,seirc h l'r'nch, AFHPC/?IPCYPR
R,,nlolph AFP, TX 7 148

1 Dr. lart.y Ro:-kway (AFHRL/TT)
Luwry AF P
CoIor do 3 ,2

1 Jick ?% Thorpe!, 1aj., USAF
Havit Wir Collvgc.

Providence, H[1 02846

Lb
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Other DoD Civil Govt

12 Defense Technical Information Center 1 Dr. Susan Chipman
Cameron Station, Bldg 5 Learning and Development
Alexandria, VA 22314 National Institute of Education

Attn: TC 1200 19th Street NW
Washington, DC 20208

I r. Craig I. Fields

Adva;nced Research Projects Agency 1 Dr. Joseph I. Lipson
1400 Wilson Blvd. SEDR W-638

Arlington, VA 22209 National Science Foundation
Washington, DC 20550

Dr. Dexter Fletcher
ADVAINCED RESEARCH PROJECTS AGENCY 1 Dr. John Mays

11100 V:ILON BLVD. National Institute of Education

AHLI!:GTCN, VA 22209 1200 19th Street NW
Washington, DC 20208

!iilitry Assistant for Training and

Personnel Technology 1 William J. 11cLaurin

Office of the Under Secretary of Defense Rn. 301, Internal Revenue Service
for Research 1. Engineering 2221 Jefferson Davis Highway

Room 3012), The Pentagon Arlington, VA 22202
Jashington, DC 20301

1 Dr. Arthur Helmed
National Intitute of Education

1200 19th Street N,

Washington, DC 20208

1 Dr. Andrew R. Molnar

Science Education ev.
and Research

National Science Foundation
Washington, DC 20550

1 Dr. H. Wallace Sinaiko
Program Director
Mlanpower Research and Advisory Services
Smithsonian Institution

801 North Pitt Street
Alexandria, VA 22314

1 Dr. Joseph L. Young, Director
Memory & Cognitive Processes

National Science Foundation
Washington, DC 20550

4l I I Il I I .... ii i ---..
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Non Govt Non Govt

I r. John R. Anderson 1 Dr. Bruce Buchanan
',p;.rtnont of Psychology Department of Computer Science

CUrnoeie Me[lon University Stanford University
Pittsburgh, PA 15213 Stanford, CA 94305

Sh. I1CIIAEL AT.4OCD 1 Dr. Pat Carpenter
CF.t.CE APPLICATIONS INSTITUTE Department of Psychology

12 DEN:VER TECH. CENTER WEST Carnegie-Mellon University
7935 F. PrENTICE AVENJE Pittsburgh, PA 15213

LNGLAOOD, CO 80110
1 Dr. John B. Carroll

1 psycholo,;ical research unit Psychometric Lab
DPtpt. of Def'ense (Ari-iy Office) Univ. of flo. Carolina
C. mipbcl1 Park Offices Davie Hall 013A
Ccinberra ACT 2600, Australia Chapel Hill, NC 2751l

Dr. Alan Paddeley 1 Charles Myers Library
*:Ji'_l Rese arch Council Livingstone House

PpplieJ Psychology Unit Livingstone Road
1; 1Ch:luck-r Road Stratford
Cambridoe C52 2EF London E15 2LJ
F NGLAT1D ENGLAND

Dr. 1rici. Pagzett Dr. William Chase
r,,-rtl:',r1nt of Psychology Department of Psychology
Itnivrrriy )f Ptnver Carnegie Mellon University
trniv,.r;ity P.,rk Pittsburgh, PA 15213
Denver, CO ,,__

1 Dr. Micheline Chi
1 r Avron c-rr Learning R & D Center
Dep-rtxicnt of Computer cience University of Pittsburgh
St,,nford University 3939 O'Hara Street
-tanford, CA 14305 Pittsburgh, PA 15213

I Dr. iehol:,s A. Pond 1 Dr. William Clancey
Dept. of Psychology Department of Computer Science
Sf;crmtti'Ato YVtate College Stanford University
"f J;jy "trott Stanford, CA 94305
- crozrwnto, CA 9 31,

1 Dr. Allan M. Collins
I Pr. I.yle Wurne Bolt Beranek & Newnan, Inc.

,epr trcnt ," Psycholo,,y 50 ,Ioulton Street
fInivt.rsity of Colorado Cambridge, Ma 02138
oul~r.* CO 30309

1 Dr. Lynn A. Cooper
John . Rrown Department of psychology

XEIWY P,,Io Alto Research Center Uris Hall
,; Co yott, Road Cornell University

Il!o Alto, CA 943014 Ithaca, NY 14850
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Non Govt Non Govt

Dr. M.eredith P. Crawford 1 Dr. Marvin D. Glock
American Psychological Association 217 Stone Hall
1200 17th Street, N.W. Cornell University
Washington, DC 20036 Ithaca, NY 14853

Dr. Hubert Dreyfus 1 DR. JAMES G. GREENO
Department of Philosophy LRDC
University of California UNIVERSITY OF PITTSBURGH
Rerkely, CA 94720 3939 O'HARA STREET

PITTSBURGH, PA 15213
LCOL J. C. Eggenberger
DIRECTORATE OF PERSONNEL APPLIED RESEARC 1 Dr. Harold Hawkins
NATIONAL DEFENCE HQ Department of Psychology
101 COLONEL BY DRIVE University of Oregon
OTTAWA, CANADA KIA OK2 Eugene OR 97403

Dr. Ed F2igenbaum 1 Dr. Barbara Hayes-Roth
Dep3rtrnent of Computer Science The Rand Corporation
Stanford University 1700 Main Street
Stanford, CA 94305 Santa Monica, CA 90406

1 r. Uallace Feurzeig 1 Dr. Frederick Hayes-Roth
Rolt Beranek & Newnan, Inc. The Rand Corporation
50 Moulton St. 1700 Main Street
Cambridge, MA 02138 Santa Monica, CA 90406

Dr. Victor Fields 1 Mr. Richards J. Heuer, Jr.
Dept. of Psychology 27585 Via Sereno
1 ontganery College Carmel, CA 92923
Rockville, MD 20850

1 Dr. James R. Hoffman
Dr. John R. Frederiksen Department of Psychology
Bolt eranek & Newnan University of Delaware
50 Moulton Street Newark, DE 19711
Cambridge, MA 02138

1 Library

1 Dr. Alinda Friedman HumRRO/Western Division
Department of Psychology 27857 Berwick Drive
University of Alberta Carmel, CA 93921
Edmonton, Alberta
CANADA T6G 2E9 1 Dr. Earl Hunt

Dept. of Psychology

DR. POBERT GLASER University of Washington
L.RDC Seattle, WA 98105
UNIVERSITY OF PITTSBURGH
3939 0'!IARA STREET
PITTSBURGH, PA 15213

...n. . . .. . I1 ii - II I . I-II_ - -
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Non Govt Non Govt

DR. LAURENCE B. JOHNSON 1 Dr. Robert Linn
LAilRENCE JOHNSON & ASSOC., INC. College of Education
Suitt, 103 University of Illinois
4545 4?nd Street, ;'.W. Urbana, IL 61801
Washingtun, DC 20016

1 Dr. Mark Miller
Dr. ;tvvn ,,. Keele Computer Science Laboratory

D),pt. of Psychology Texas Instrunents, Inc.
Univ(*r:;ity ol Oregon Mail Station 371, P.O. Box 225936
SU ' -:e, OR 97403 Dallas, TX 75265

1 -. 1' :ltr Vintsch 1 Dr. Allen Munro

Dprtrnent of Psychology Behavioral Technology Laboratories
University of Colorado 1345 Elena Ave., Fourth Floor
Pouldor, Co -0302 Redondo Peach, CA 90277

Tr. :tt'phen Kosslyn 1 Dr. Donald A Norman
!P,rv:,rd University Dept. of Psychology C-009
D'parl,-ent of Psychology Univ. of California, San Diego

(ir.Iini Street La Jolla, CA 920"3

Cambrid',e, MA n213S
1 Dr. Jesse Crlansky

Ir. M.irlin Froger Institute for Defense Analyses
111' Via Coleta 400 Army Navy Drive

PRI.bos Verd,:s Estates, Cri 90274 Arlington, VA 22202

Ir. Jill Larkin 1 MR. LUIGI PETRULLO

D, Iart:Ient of Psychology 2431 N. EDGEWOOD STREET
J.ri ieV iLlon University ARLINGTON, VA 22207
Pitt;burgh, PA 15213

1 Dr. Martha Polson
1 r. ,.,r, Lsold Department of Psychology

Luairning R, Center University of Colorado
'Jniversity of Pittsburgih Boulder, CO 80302
Pittsburlh, PA 15260

1 DR. PETER POLSON
;r-. Ilicha-l Levine DEPT. OF PSYCHOLOGY
SDep ,rtn cnt of Educational Psychology UNIVERSITY OF COLORADO

"In Fducation Bldg. POULDER, CO 80309
University of Illinois
Chimpaign, iL 61901 1 DR. DIANE M. RAMSEY-KLEE

R-K RESEARCH & SYSTEM DESIGN
1 )r. Rob ,rt P. Levit 3947 RIDGEMONT DRIVE

Director, Rehavioral Sciences MALIBU, CA 90265
The [IYl Corporation
Y"15 Jones 1ranch Prive.
ilcClan, VA 22101
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lon Govt Non Govt

Dr. Fred Reif 1 Dr. Robert Smith
=IAlAF Department of Computer Science

c/o Physics Departmcnt Rutgers University
University of California New Brunswick, NJ 08903
Pcrkely, CA 94720

1 Dr. Richard Snow
Dr. Andrew M. Rose School of Education
American Tnstitutes for Research Stanford University
155 Thomas Jefferson St. NW Stanford, CA 94305

,,Jashin>,ton, DC 200,07
Dr. Robert Sternberg

Dr. Ernst Z. Rothkopf Dept. of Psychology
[1hl Labor~itories Yale University
6'Y .Mountain Avenue Box 11A, Yale Station
Murray Hill, NiJ 0797LI New Haven, CT 06520

Dr. David Rumelhart 1 DR. ALBERT STEVENS
Center for Human Information Processing BOLT BERANEK & NEWMAN, INC.
Univ. of California, San Diego 50 MOULTON STREET
L. Jolla, CA 92093 CAMBRIDGE, HA 02138

P'OF. FUtIIKO SANEJIHA 1 Dr. David SLone
DEPT. OF PSYCHOLOGY ED 236

:IVE SITY )F TENNESSEE SUNY, Albany
....0 XVI LLE, TN 37916 Albany, NY 12222

D. WALTER OCHNEIDER 1 DR. PATRICK SUPPES
DEPT. OF PSYCHOLOGY INSTITUTE FOR MATHEMATICAL STUDIES It'
1:DUIV.RITY OF ILLINOIS THE SOCIAL SCIENCES
CHAPA!GN, IL 61 F20 STANFORD UNIVERSITY

STANFORD, CA 94305
Dr. (Jan Schoenfeld
Departmaent of Mathematics 1 Dr. Brad Sympson
L!i'iil.ton College Psychometric Research Group
C tintoi, NY 13323 Educational Testing Service

Princeton, NJ 08541
'. .(':,ERT J. ";ETDEL
:':TRU' ' AL TECHNOLOGY GROUP 1 Dr. Kikuini Tatsuoka

RO Computer Cased Education Research
:q i'..,':7I'!GTON ST. Laboratory
,LFX: TA, VA 2231N 252 Engineering Research Laboratory

University of Illinois
Coirsimttei, on Cognitive Research Urbana, IL 61801

'Ir. Lonnie 7. Sherrod
'oeial Science Research Council 1 Dr. John Thomas

60'- Third Avenue IBM Thomas J. Watson Research Center
' York, NY 10016 P.O. Box 218

Yorktown Heights, NY 10598
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1DR~. 7ERPY TIIORNDYKE
FE RAND CORPORATION

170" 'IrIN O TRFFT
-ANTA t1)NICfl, CA 904niO

'r. Dougids Towne
UIniv. of So. California
F!ehvior.:jl Technology Labs
V11~5 2Z. Elt.n:, Ave.
k..'Jorldo Pe~ach, CA 90277

1 Dr. J. thlianer

Porr;-,ptrorii(,, Inc.
Q'171 V:rj'I Avenue

~.o~11 i i1 I, CA Q1364

)r . ,'Ieton J. Unrderwood
.j..of Paysliology

:';ar Jwc:;turn University
Evon:t.on , ILL 6n201

I r. Phyllis L.'-?over
2,r~idtu-,te :.;chool of Education
lirv-ird University
'700 LArsen H. 11 , Appi -in Way

C~wir i ge 0 021 38

1 Dr.P 1,vid J. .4ciss
tefl 1:11 liott Hall
UniversiLy of iinesot-i

F. Ri ver Poo,]
in#'a poIi s, IV: 5555

.0' K~LL'1.0scourt
To fo r::iaLi on -c i-nc(us Dept.
Tii c Pa n Co r pariition

t.nL lonico , CA 901106

0?. ~ 1 I2A E 'vaITFLY
P2;YCi1(OLOiY [P:ARTMENT
U'8IVEPD 'ITY OF KAN:UAS
LAWRE NCE' F * A N-DAU (r,1411

,r . J. Arthur Woodwilrd
P-p-rtment of Psycholotgy4 Wi niv'-rsity of CAlifornia
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