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Abstract

Two experiments, theoretically motivated by the construction-integration model of text
comprehension (Kintsch, 1988), investigated the role of text coherence in the
comprehension of science texts. In Experiment 1, junior-high students' comprehension of
one of three versions of a biology text was examined via free recall, written questions, and
a keyword sorting task. This study demonstrates advantages for globally coherent text and
for more explanatory text. In Experiment 2, interactions between local and global text
coherence, readers' background knowledge, and levels of understanding were examined.
Using the same methods as in Experiment 1, we examined students' comprehension of one
of four versions of a text, orthogonally varying local and global coherence. We found that
readers who know little about the domain of the text benefit from a coherent text, whereas
high-knowledge readers benefit from a minimally coherent text. We argue that the poorly
written text forces the knowledgeable readers to engage in compensatory processing to
infer unstated relationships in the text. These findings, however, depended on the level of
understanding, textbase or situational, being measured by the three comprehension tasks.
Whereas the free-recall measure and text-based questions primarily tapped readers'
superficial understanding of the text, the inference questions, problem solving questions,
and sorting task relied on a situational understanding of the text. This study provides
evidence that the rewards to be gained from active processing are primarily at the level of
the situation model, rather than at the superficial level of textbase understanding.
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Are good texts always better?
Interactions of text coherence, background knowledge,
and levels of understanding in learning from text

People learn a great deal from texts -- story books, textbooks, newspapers, or
manuals. The process of learning from texts is complex, however, and as yet not
completely understood. In order to optimize learning, should one make the comprehension
process as easy as possible? Or should one, as many educators insist, ensure that the
learner participates actively and intentionally in the process of constructing the meaning of a
text? The traditional view of learning and instructional design has long been governed by
the notion that the learner's path should be made as troublefree as possible. However,
recent research on the acquisition of simple skills (e.g., Schmidt & Bjork, 1992) indicates
that this approach does not always lead to optimal learning. The studies reported here are
concerned with whether there are analogous effects in complex cognitive processing, such
as text understanding. Specifically, should we facilitate the readers' task by improving the
comprehensibility of a text, or can we increase their active involvement by placing obstacles
in their way? In the latter case, what sort of obstacles might have beneficial effects on
learning and under what conditions?

Two sets of research findings provide an empirical background for the present
research. The first set of findings refers to the impact of the coherence of a text on
comprehension and the second considers the benefits of active processing for learning.

Coherence. The coherence of a text is a major factor in comprehension (Kintsch &
Vipond, 1979; van Dijk & Kintsch, 1983). Recent studies have demonstrated that revisions
which increased the structural and explanatory coherence of texts resulted in substantial
increases in recall among 5th-grade students (Beck, McKeown, Sinatra, & Loxterman,
1991) and college students (Beyer, 1987, 1990; Britton & Gulgoz, 1991). In Beck et al.
the revisions consisted of adding clarifying and elaborative content to supply background
information and explain causal relationships. The revisions in Beyer and Britton and
Gulgoz were based on a computer simulation of the comprehension of the original text
(Kintsch & van Dijk, 1978; Miller & Kintsch, 1980). Whenever the simulation broke down
due to coherence gaps from one proposition to the next, text was added to make the
relationship explicit. These text additions ranged from low-level information, such as
identifying anaphoric referents, synonymous terms, or connective ties, to supplying
background information left unstated in the text. Filling in this kind of information, which
an author would normally expect readers to provide from their own background
knowledge, proved to be very effective, particularly since the college students in their study
lacked the domain knowledge to do so on their own.

ing. As described above, one effect of increasing the coherence of
text is that the reader comprehends it better. However, another effect that this text
manipulation might have is to reduce the amount of active processing during reading. That
is, easing the reader's burden of figuring out the meaning of the text could result in less
effective learning. According to E. Kintsch (1990), this was the case for more
knowledgeable and more skilled readers who wrote better summaries of a poorly organized
text than of a well organized one. In general, researchers have found that people remember
information that they have actively generated better than presented information and they are
better able to put such knowledge to use in novel situations. Advantages of active
processing for memory and learning are well established in the list-learning literature (e.g.,
Slamecka & Graf, 1978), as well as for text processing and strategy use (e.g., Bereiter &
Scardamalia, 1989; Chi & Bassok, 1989). Active inferencing during reading, if it is
successful, can benefit learning because it results in the formation of more links between
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the incoming information and information in the personal knowledge base (Mannes &
Kintsch, 1987). Due to multiple ties to other concepts, well-integrated knowledge is more
quickly accessed and available for use when needed.

In summary, an easy-to-read, coherent text is generally easier to recall. On the other
hand, active processing, such as that necessary for difficult text, facilitates learning. These
contradictory findings regarding easy versus difficult text may be better understood in the
context of Kintsch's construction-integration (CI) model (1988, 1992) of text
comprehension. One important feature of this model is that it distinguishes several different
levels in the mental representation of a text that readers construct. The two levels of
understanding that are relevant here are the textbase and the situation model.

The textbase contains the information that is directly expressed in the text,
organized and structured in the way that the author had organized the material. It has a local
structure (the microstructure), as well as a global structure (the macrostructure). The
construction of the textbase involves the extraction of semantic information from a text. In
the CI model, this takes the form of an interrelated network of propositions. The process of
transformation from words to meaning units involves a certain amount of inferential
activity. For example, the referents of pronouns must be identified, synonymous terms
must be matched, glaring gaps in the coherence of the network must be filled by bridging
inferences, and so on. In general, this is the minimum amount of processing that a
cooperative and motivated reader would perform. The result is a locally and globally, well-
structured memory representation of the text -- an episodic text memory in the form of a
coherent propositional network. This representation is capable of supporting several
activities. On the basis of the textbase readers can verify statements they have read, they
can answer questions about the text, they can recall the text, or they can summarize it.

However, knowing the text at the level of the textbase does not necessarily ensure
that the reader understands it at a deeper level. Especially in the case of a demanding
scientific text, more is required for understanding than just the ability to reproduce the text
itself. It is usually the case that the reader must contribute information that was not stated
explicitly in the text from his or her own store of knowledge about the domain in question.
Furthermore, considerable active inferencing might be required to link the text with the
reader’s prior knowledge (an example will be discussed below). The result of such
inferencing is the situation model. The situation model integrates the information provided
by the text with prior knowledge, often reorganizing and restructuring it in terms of the
reader's understanding of the knowledge domain as a whole rather than the particular text
just read. The resulting mental representation allows for a deeper understanding of the text,
which is no longer a separate, episodic memory unit but is linked to the reader’s long-term
memory and knowledge. The textual information thus becomes retrievable not just via an
episodic memory trace resulting from reading the text, but via the shared elements by which
it is linked in the reader's long-term memory. The new knowledge is therefore usable in
novel environments and for unanticipated problem solving tasks.

For the purpose of reproducing a text in one way or another, a good textbase
suffices; learning from text implies more than that and requires a good situation model
linked with the reader’s long-term knowledge (Kintsch, 1994). One should not think of
textbase and situation model as two distinct mental structures, however. The reader
constructs a single mental structure, but for the purpose of analysis it is convenient to
distinguish aspects of that structure that are directly derived from the text, and aspects that
are more knowledge and inference based. The same elements usually will participate in
both types of relationships, but in somewhat different ways. Indeed, a number of studies
have succeeded in demonstrating differential effects of these two levels of representation on
various tasks (e.g., navigating a route, Perrig & Kintsch, 1985; a computer programming
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task, Schmalhofer & Glavanov, 1986; inferential reasoning, Mannes & Kintsch, 1987).
More informally, consider the difficulty one may experience in following directions -- for
example, through unfamiliar terrain, or in order to assemble an unfamiliar device -- despite
an easily comprehended description. The problem does not lie at the textbase level of
understanding, but rather in the inability to construct from that information a representation
of the situation depicted. This theoretical distinction has important implications for our
understanding of the processes by which readers acquire usable information from texts.

With respect to the design of instructional text, the CI theory implies that textbooks
should induce students to form appropriate situation models, not just textbase
representations good only for reproduction. The formation of such situation models
requires two things as a basis: active inferencing, and adequate prior knowledge. Without
adequate prior knowledge, students are limited in their constructive processes.
Nevertheless, a well written, fully coherent, explicit text at least will allow them to form a
good textbase. In contrast, students who have the requisite background should be
encouraged to use it. Accordingly, one way to promote deeper understanding -- the
construction of an adequate situation model -- might be to disrupt the coherence of the text
at both the local, intersentential level and at the level of its global organization, or
macrostructure. If there is a gap in comprehension that the reader cannot bridge with an
inference, this forms an impasse. It is likely to be noticed, and a repair process can be
initiated. This repair process necessarily forces the reader to construct a situation model
because prior knowledge is necessary to do so. Hence, the repairs will be particularly
beneficial because the reader might otherwise remain satisfied with a superficial textbase
understanding. ’

An example from the text used in Experiment 2 might clarify this argument.
Consider the following sentence pair from a fully coherent text:

"The blood cannot get rid of enough carbon dioxide
through the lungs. Therefore, the blood becomes purplish."

A reader can easily comprehend these sentences without ever realizing just why excess
carbon dioxide would make the blood purplish. A superficial understanding may result
because the reader lacks the necessary background knowledge, or just doesn't bother to
figure it out. Readers all too frequently take the path of least resistance. To generate the
low-coherence text, the "therefore" was deleted. Without this connective, the two sentences
are simply juxtaposed. It is, of course, possible to accept these two sentences as statements
of facts belonging to the same topic, but which are otherwise unrelated. However, it is
more likely that the reader will notice the gap and attempt to fill it. This is not possible on
the basis of the textual content alone: Given merely these two statements, there is a large set
of potential sentence connectives, such as therefore, and, because, when, but, and so on,
and no linguistic cues that would allow a reader to choose the right one. Hence, superficial
solutions to the impasse are not available. The only way to bridge the gap is by knowing
certain facts, for example, that the blood that flows from the heart to the lungs is low in
oxygen, high in carbon dioxide, and looks blue, whereas the blood that flows out of the
lungs is high in oxygen, low in carbon dioxide, and looks bright red. Knowing these facts
enables the reader to infer therefore as the right connective between these two sentences.

In summary, the two sets of empirical findings regarding easy and difficult text
understood in the context of the CI model suggests a possible way to improve
comprehension and learning from a textbook. Although a coherent text is generally easier to
recall, more difficult text may induce active processing and thus facilitate learning.
Kintsch's (e.g., 1988) model of text comprehension suggests that one way to avoid a
superficial understanding of a text may be to make the text more difficult by disrupting its



Text Coherence and Knowledge 6

coherence. Coherence is of crucial importance for understanding, but deeper understanding
results when readers make their own bridging inferences and derive their own
macrostructure. Although filling in such linguistic gaps requires a certain degree of
background knowledge, doing so may force more knowledgeable readers out of a passive
processing mode induced by easy text. Consequently, we hypothesize that the same text
cannot be optimal for everyone: Low-knowledge readers will profit from a fully coherent
text, whereas high-knowledge readers will learn better with a text that stimulates more
active processing.

Experiment 1

The second experiment reported here tested our hypothesis suggested above that
text coherence would differentially affect readers with low and high background
knowledge. However, testing this hypothesis required first building a more solid empirical
platform. Hence, Experiment 1 was designed to address several questions fundamental to
investigating the complex interactions predicted by our hypothesis. First, we wanted to
replicate the results of Britton and Gulgoz (1991) with a younger population of students
and with a different kind of text. Britton and Gulgoz found advantages for more coherent
text with college students who read a fairly difficult, and unfamiliar, historical text about
the Vietnam War. One goal in Experiment 1 was to test whether improving the coherence of
text would generalize to younger students who are just embarking on the formal study of a
new domain. Thus, our target population consisted of middle school students. Moreover,
because we were interested in devising ways to improve textbooks designed for
instruction, it was important to determine whether previous advantages for coherent text
could be replicated with instructional texts. Thus, our target text was an instructional
biology text written for the appropriate grade level.

A second goal of Experiment 1 was to compare the individual contributions of
local, global, and explanatory coherence. A text is locally coherent if each sentence is
explicitly related to the next, for example, via argument overlap. A text is globally coherent
if the paragraphs and larger sections of text are clearly related to each other and to the
overall topic. Explanatory coherence refers to content that supplies background knowledge
needed to understand the text which the reader may not have. Thus, three versions of a
chapter on the traits of mammals, taken from a biology text, were used to examine the
effects of these three types of coherence: the original school text which was locally coherent
to begin with, but which lacked global coherence; a revised text which added macrosignals
alerting the reader to the underlying structure; and an expanded text which added
explanatory coherence to the text.

Our third purpose in conducting Experiment 1 was methodologically motivated. In
previous research the effects of text coherence have primarily been assessed by recall which
is a measure of readers' textbase knowledge: It tests how well they remember the actual
content of the original text and the way it is organized. However, we are also interested in
comprehension measures that tap into the reader's understanding of the situation described
by the text, that is, the mental model which the reader constructs from the textual content.
Experiment 1 uses a sorting task as a measure of situational understanding. This task,
which involves organizing a set of key concepts into categories, poses problem solving
demands that require more than a superficial, textbase understanding of the text.

Method

Students' pre-knowledge about the traits of mammals was assessed by means of the
sorting task and a set of questions about the text. They then read one of three text versions,
recalled it immediately afterwards, performed the sorting task again, and answered another
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set of questions similar to the previous one. The different measures used are intended to
reflect different levels of understanding. Recall and a subset of the questions based entirely
on the text content (i.¢., textbased questions) were used to assess subjects' ability to
reproduce this content. They provide a relatively superficial index of understanding, based
primarily on the textbase that has been constructed. In contrast, the sorting task and a
subset of the questions based on both text content and prior knowledge (i.e., inference
questions) were used to assess subjects’ deeper understanding: how their text memory
(textbase as well as situation model) modified their perception of the relations among the
concepts to be sorted, and how well the situation model could be used for inferring novel
relations.

Subjects

Thirty-six subjects living in Boulder, Colorado were each paid $10 to participate in
this study. They were between the ages of 11 and 15 years (M = 13 years, 2 months) and
were entering grades 7 through 9. Twelve subjects were assigned to each of three text
conditions (i.e., original, revised, expanded texts) based on the order of testing. The mean
age of the subjects in the original, revised, expanded text conditions were 13.1, 13.0, and
13.5, respectively. The mean grade levels for the three conditions were 7.8, 7.6, and 8.0.

There were no significant differences between the three groups of subjects in terms of their
age or grade level.

Materials

Texts. Three versions of a biology text about traits of mammals were used: an
original version, a revised version, and an expanded version. The original biology text
(Silver Burdett & Ginn, 1987) discussed traits of mammals, a subject area reasonably
familiar to students in grades 6-8. The text was 1.5 pages long (590 words). Following the
method of Britton and Gulgoz (1991), comprehension of the text was simulated by means
of a computer program (Kintsch & van Dijk, 1978; Miller & Kintsch, 1980). A breakdown
in the simulation due to lack of overlapping arguments signalled a gap in the coherence
structure of the text. However, since our text was instructional text written at grade level,
there were, in fact no such gaps at the local level. Unlike the text used by Britton and
Gulgoz, not a single bridging inference was required to run the simulation. On the other
hand, the text had a list-like macrostructure which was less coherent. That is, the various
subtopics were not always clearly marked in their relationship to the overall topic and to
each other. Furthermore, the paragraph structure of the text did not correspond entirely to
its macrostructure.

The revision consisted primarily of adding material that explicitly identified the
major subtopics as traits of mammals. We use the term macrosignal to refer to these
linguistic pointers to the macrostructure. This should be distinguished from the term
macroproposition which refers to the major subtopics discussed in all three text versions
(i.e., the 7 mammal traits in this case), whether they are signalled or not. The result of our
revision was a 2-page text of 821 words in which each paragraph corresponded to one of
the traits discussed. The original and revised texts therefore have approximately the same
content. The only difference is that the interconnections between the various content units
are made explicit in the revised version, especially at the global level, but to some extent
locally as well. For instance, the original text merely says that "mammals are the only
animals that have hair or fur", whereas the revision relates this fact to the more global topic
concerning mammals' ability to live in many environments.

The expanded version of the text was written because of some obvious
shortcomings of both the original and revised versions, not in their structure, but in their
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content. Identifying various traits that mammals have does not really help a student to
understand biology. It is more useful to know how these traits contribute to the success of
this group of animals and their ability to survive. Hence, content to this effect was supplied
in the expanded version, while at the same time some irrelevant detail was omitted (e.g.,
the names of the four chambers of the heart). The expanded version was therefore
considerably longer, 4 pages or 1167 words. In effect, a few concrete details were
exchanged for some rather lengthy discussions about the functions of the traits in terms of
the evolutionary success of mammals.

At the local level, all three texts were coherent. At the global level, only the revised
and expanded texts were coherent. In terms of content, the situation models implied by the
original and the revised versions were essentially the same. That is, the additional content
in the revised version was implicit in the original version for a knowledgeable reader; the
equivalence would be less complete for low-knowledge readers. In contrast, the expanded
version introduced a new, higher-level discussion about the role that the traits of mammals
play in a larger context.

An excerpt from each of the three texts is presented in Appendix A. Each of the
excerpts is from the section of the text describing mammalian teeth. The coherence
additions to the revised text are macrostructure statements which identify specialized teeth
as a mammalian trait and relate this trait to the more global topic concerning mammals'
ability to live in many environments. The additions to the expanded text include both the
macrostructure statements, as in the revised text, and explanatory additions referring to
how the characteristics of mammalian teeth have contributed to the survival of the species.
The complete texts are reprinted in Kintsch, McNamara, Songer, and Kintsch (1992).

ions. There were 32 questions comprised of multiple-
choice, true/false, fill-in-the-blank, and short-answer questions concerning animal traits
and behaviors. The questions were classified into three different types: (a) text-based
questions for which the necessary information was stated in the original text (n=19); (b)
inference questions which required some type of inferencing or analytic reasoning (n=9);
and (c) non-text questions which dealt with information that did not occur in any of the
three texts, but that was related to the general topic (n=4).

The three different types of questions were chosen for several reasons. Text-based
questions were designed to assess both prior knowledge of the topic before reading as well
as memory for the text information after reading. The answers to text-based questions were
explicitly stated in the text and generally required only one sentence from the text to
answer. An example of a text-based question pertaining to the excerpt provided in
Appendix A is: "The type of teeth a mammal has is related to ?" (Answer: the kind of food
the mammal eats). Inference questions were intended to assess differential abilities to apply
information in the text to a novel situation, depending on which text was read. Inference
questions required linking information from separate sentences and/or paragraphs and
applying the information to the stated problem. An example of an inference question is:
"Mother coyotes usually give birth to a litter of pups in early spring. However, one year,
soon after most of the young pups were born, a series of late storms brought snow and
very cold temperatures. What would help the young coyotes survive the cold?" (Possible
answers: their fur, mother's warmth, being warm-blooded). If a reader supplied the answer
that the coyotes' fur would help them through the winter, this particular answer would
require integrating and applying information from one sentence that mammals have fur and
from another that the fur provides insulation. Similarly, if a reader supplied the answer that
being warm-blooded would help them, this requires linking and applying the separate
information that mammals are warm-blooded and that being warm-blooded helps them to
maintain a constant temperature. Of course, all of the correct answers to the question also
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required the prior knowledge that coyotes are indeed mammals. Thus, this type of question
required linking together various pieces of information in the text along with an
understanding of the information presented in the question itself. Non-text questions were
included to ensure that there were no differences between pretest and posttest, nor between
groups for general background knowledge. An example of a non-text question is:
"Carnivores eat 7" (Answer: meat).

The 32 questions were divided pseudorandomly into two sets of 16 questions, with
the constraints that each set include approximately half of each of the three types of
questions, and that the questions in each set be matched as nearly as possible for difficulty
and content matter. Half of the subjects in each group received one set of questions as the
pretest and the other as the posttest, and the remaining subjects were given the tests in the
reverse order. For each set, there were two random orders of questions which were also
counterbalanced across pretest and posttest.

i . Subjects sorted two sets of cards (3.5" x 1.5"). The first set of
cards, consisting of 21 animal names, was a practice task, for which the data were not
analyzed. The second set of cards consisted of 16 animal characteristics, each printed on a
separate card. This list included 7 characteristics classified a priori as mammalian traits
(i.e., has hair or fur, has several types of teeth, has mammary gland, instinctive and
learned behavior, tolerates extreme temperatures, provides a lot of protection for their
young, has complex heart), 4 as traits that could be characteristic of either mammals or
non-mammals (i.e., hibernates, migrates, has lungs, has central nervous system), and 5 as
non-mammalian traits (i.e., produces many babies at one time, is cold blooded, lays or
releases eggs, mainly instinctive behavior, has scales or hard shell). The keyword sorting
task was employed in order to assess the changes in the organization of knowledge that
occurred as a result of reading the experimental texts. These kinds of changes would be
indicative of the situation model the reader has constructed.

Procedure

Subjects were tested individually, either in their homes or in the university
laboratory. The session lasted approximately an hour. The subjects first answered
questions concerning personal information (e.g., age, grades, personal interests). The
order of the experimental tasks was as follows: (a) sorting tasks, (b) pretest questions, (c)
text reading, (d) text recall, (e) sorting tasks, and (f) posttest questions. The pretest
questions and sorting tasks may have biased reading and recall by calling attention to
particular points discussed in the text. However, these effects were equal across the three
text conditions.

Sorting tasks. The subjects sorted the cards containing the keywords before reading
the text and again after reading the text. To familiarize themselves with the concepts printed
on the cards, they read each card aloud. They were then told to put the cards into piles
according to how they thought the concepts should go together. They were told that they
could make as few or as many piles or categories as they wished, there needn't be the same
number of cards in each pile, they could change their mind and reorganize at any time, and
that there was no correct or incorrect way to organize the cards. After stating that they had
finished sorting the cards, the subjects were asked why they had put each pile of cards
together in this manner and how they would label each set of cards.

Pretest and posttest questions. After completing the sorting task, the subjects were
given one of two sets of questions which asked questions concerning mammals and their
characteristics. The subjects were encouraged to do their best, but to guess if they were not
sure of an answer to a question.
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Text reading. The subjects were asked to read silently one of the three texts. After
finishing, they were asked to read it a second time. By having them read the text twice we
hoped to avoid cursory reading by the children and to ensure as complete an understanding
as possible.

Text recall. After reading the text, subjects were asked to recall orally as much of
the text as they could. Their recall protocols were recorded on a mini-cassette recorder.

Under the conditions of the present experiment, recall can be considered a measure
of the textbase formed by the subject during reading. In general, text recall has both a
reproductive and a reconstructive component because there is an admixture of
reconstructions derived from the situation model that readers have constructed, especially
when they are very familiar with the domain of the text or when the textbase itself can no
longer be successfully retrieved. However, for low-knowledge readers or on short-term
tests, as in the present experiment, the reproductive component of recall based on the
textbase usually dominates.

Results

All reported analyses are reliable with a probability less than .05 unless otherwise
stated.

Text recall

Text recall was quantified in terms of the proportion of propositions remembered
from the texts. The three texts were propositionalized according to the principles specified
in van Dijk and Kintsch (1983). Complex propositions as defined by van Dijk and Kintsch
are schematic representations of the meaning of sentences. This schema, shown in Figure
1, comprises a proposition slot and a circumstance slot, specifying the time and place of the
action or state. The proposition consists of a predicate and arguments characterizing the
internal semantic structure of a sentence. Each of these components may be modified, and
modifiers may be further modified themselves, as indicated by the syntactic structure of the
sentence to be represented (e.g., embedded clauses, relative clauses, adjectivization).
Propositions in a discourse may either be unrelated, in which case the discourse is
incoherent; or they may be indirectly related because they share a circumstance (¢.g., time,
place) or argument; or they may be directly related, either temporally, conditionally, or
causally by an explicit sentence connective. The propositional analysis of our experimental
texts yielded 55 complex propositions for the original, 57 for the revised, and 73 for the
expanded text.

Figure 1

A lenient scoring system was used to score for presence or absence of a complex
text proposition or any part thereof containing information related to the topic. Thus, only
the reproductive content of the recall protocols was scored, not the inferential or relational
content.

Since the three texts differed in length (there were 48, 50, and 66 micropropositions
in the original, revised, and expanded texts, plus 7 macropropositions common to all
texts), recall could be analyzed in two ways. In one analysis only those propositions
common to all three texts were considered. This type of analysis, however, ignores much
of the content in the expanded text version. In the second analysis, all propositions were
included, but the length of the texts was controlled for by conducting the analyses using
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proportional recall. The two analyses yielded virtually identical results, and only the results
of the second analysis are reported here.

An analysis of variance (ANOVA) including the between-subjects factor of text
(original, revised, expanded), and the within-subjects factor of proposition type
(microproposition, macroproposition), was conducted on proportional recall. There was a
main effect of text condition, F(2,33) = 3.7, MSe = .038, reflecting greater proportional
recall for subjects who read the revised text (M = .53) than for subjects who read the
expanded (M = .43) and original texts (M = .38), F(1,33) = 6.8. The recall difference
between the expanded and original texts was not reliable, F(1,33) < 1.

Macropropositions (M = .59) were recalled significantly better than
micropropositions (M =.30), F(1,33) = 91.8, MSe = .016. This difference, however,
depended on text condition, F(2,33) = 4.7. According to a planned comparison using
contrast codes, this interaction between text condition and proposition type was due to the
superior recall of macropropositions by subjects who read the revised (M = .7 1) and
expanded (M = .60) texts compared to subjects who read the original (M = .46) text,
F(1,33) =9.2. Macroproposition recall was not significantly greater for the revised than for
the expanded text condition, F(1,33) < 1. Differences in the recall of micropropositions
were not significant statistically among the three texts (original M = .31; revised M = .35;
expanded M = .26).

The results thus show that the revision resulted in better overall recall, but that this
improvement was primarily a consequence of the better recall of macropropositions.
Greater improvement in the recall of macropropositions than of micropropositions was
expected for the revised version, since most of the revisions were made at the level of the
macrostructure. The original version was locally coherent to begin with, so not much could
be gained in recall of micropropositions. Indeed, recall of micropropositions for the revised
version improved by only 13 percent over the original version, whereas a 54 percent
improvement was observed for macropropositions.

Ouestion .

The pretests and posttests were composed of three types of questions: text-based
questions, inference questions, and non-text, general knowledge questions. Points were
assigned to each question according to the amount of material targeted in the response.
Thus, short-answer questions were each worth a total of 2 points, and true/false, fill-in-the-
blank, and multiple-choice questions received 1 point each. Partial credit for the questions
was assigned wherever appropriate. Each set of questions was scored for percent correct.

A total of 18 possible points could be obtained for either test.

Separate ANOVA s for each question type (text-based, inference, non-text) were
performed including the between-subjects factor of text and the within-subjects factor of
test (pretest, posttest). Each question type was analyzed separately because the inference
and non-text questions did not adequately assess changes in knowledge as a result of
reading the texts. Inference questions did not improve from pretest to posttest, and there
were no differences between the three text conditions. Likewise, non-text questions were
answered equally well by all three groups and did not change from pretest to posttest (all Fs
<1).

For the text-based questions, the increase from pretest to posttest in average percent
correct was 18 percent, 33 percent and 16 percent for the original, revised, and expanded
texts, respectively. However, while the overall improvement was statistically significant,
F(1,33) = 30.6, MSe = .025, the interaction with text condition failed to reach statistical
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significance, F(2,33) < 2, and the superior improvement of the subjects who read the
revised text compared to the original and expanded versions also was only marginally
reliable, F(1,33) = 3.1, p = .085.

In summary, the question results proved disappointing. They were consistent with
the prediction that subjects who read the revised text should be able to form a good textbase
and hence do well on text-based questions. However, the attempt to measure the deeper
understanding of the problem domain that these texts communicated to the readers by
means of inference questions was unsuccessful, perhaps because there were too few of
them (only 4 or 5 inference questions in each set), or perhaps we simply asked the wrong
questions. Question answering is the traditional method for assessing learning from text, in
school as well as in the laboratory. In the present case, it proved to be inadequate. The
sorting task, however, turned out to be a more sensitive measure of situational
understanding that yielded more robust data.

Sorting

In order to test the generalizability of our sorting task results, analyses were
performed both by items and by subjects. Item analyses were not possible for the recall and
question data because the items were not identical for all subjects. The items differed
between subjects for the questions due to the counterbalancing of pretest and posttest
g;lf?stions, and for recall because the propositions of the three texts were somewhat

erent.

Item analysis. For the sorting task item analysis, a similarity matrix indicating how
often each item was sorted into the same category with every other item was constructed for
each text condition at pretest and posttest. Since we are particularly interested in how the
sorting of the keywords changed as a function of reading the three versions of the
experimental text, we need a measure of how mammal-like each keyword was perceived
initially, and how this perception changed after reading. Such an index can be obtained by
counting for each keyword the frequency with which it was sorted together with other
keywords that are characteristics of mammals. The subjects were not instructed to sort
these keywords into mammal and non-mammal characteristics, but to the extent that this
distinction played a role in their knowledge structure, one would expect it to be a (partial)
determinant of their sorting behavior.

Of the 16 keywords, 7 were mammalian characteristics, 4 were characteristics
shared by mammals and other species, and 5 were characteristics of non-mammalian
species. This would constitute the optimal classsification of the items as su ggested by the
text. Pre- and post-sort scores can be calculated for each item in these three classes. From
these scores, change scores can be computed. These change scores indicate how much
effect the text (as well as other intervening factors) had on the use of the mammal concept
as a sorting principle. Positive change scores indicate that an item was perceived as more
mammal-like after reading the text, negative scores indicate that it was perceived less so.
Thus, ideally, mammal traits would be classified together more often after reading, whereas
non-mammal and shared traits would be less likely to occur together with the mammal
traits. Figure 2 shows the average values of these change scores for the three item types for
the three text groups.

Figure 2
The item analysis of the sorting task scores included the within-items factors of test

and text, and the between-items factor of item type (mammal, shared, and non-mammalian
characteristics). The main effect of test was reliable, F(1,13) = 65.7, MSe =42.5,
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reflecting the greater use of mammal as a sorting principle at posttest (M = 40.5) than at
pretest (M = 28.2). The main effect of item type was reliable, F(2,13) = 45.8, MSe =
201.4, reflecting higher scores for the mammal (M = 42.9) and shared (M = 45.1)
characteristics than for the non-mammalian characteristics (M = 13.8), F(1,13) =90.7.

Overall, there was greater change in sorting from pretest to posttest for the revised
(M = 14.8) and expanded (M = 14.7) texts than for the original text, F(1,13) = 5.7.
Additionally, the interaction between test and item type, F(2,13) = 41.3, reflects the finding
of greater change scores for mammal (M = 23.0) and shared (M = 15.2) items, than for
non-mammalian items (M = -5.0), F(1,13) = 68.8, and greater change for mammal than for
shared items, F(1,13) = 5.6. Thus, there was a larger increase in the tendency to sort items
together with mammals for those items that are in fact characteristic of mammals, somewhat
less so for shared traits, while traits which are not characteristic of mammals were sorted
less frequently with mammal items after reading the texts. Most importantly, the expected
three-way interaction of test, text, and item type (shown in Figure 2 in terms of change
scores) was reliable, F(4,26) = 4.5, MSe = 29.36. This result shows that the strengthening
of the mammal classification after reading the text was stronger for the revised and
expanded groups than for the subjects who read the original text, F(1,13) = 11.2.

j is. For the analysis by subjects, each subject was given a score that
indicates how closely his or her sorting approximates the ideal sorting suggested by the text
(i.e., sorting all mammal characteristics in one category, shared characteristics into another,
non-mammal characteristics into a third category, and associating the first two categories).
A measure related to the harmony statistic introduced by Smolensky (1986) was used to
indicate the degree of correspondence between each subject's sort and the ideal sort. The
measure of harmony that we used is the sum of the inner product between a subject's
sorting matrix and a weight matrix indicative of an ideal sorting. This sum was divided by
the sum of the positive values in the weight matrix (in this case, 102) so that the sort score

varied between +1.0 and -1.0.1

The average improvement in sorting scores from pretest to posttest was 0.155 for
the original text (pretest M = 0.306, posttest M = 0.461), 0.355 for the revised text (pretest
M =0.199, posttest M = 0.554), and 0.319 for the expanded text (pretest M = 0.220,
posttest M = 0.539). However, while the overall change from pretest (M = 0.241) to
posttest (M = 0.518) was significant, F(1,33) = 26.7, MSe = .052, the amount of change
for the three text versions was not significant statistically, F(2,33) = 1.3. Thus, the by-
subject analysis is in good qualitative agreement with the by-item analysis, in that the
tendency to sort the keywords into mammal and non-mammal groups increased from
pretest to posttest, and more so for the revised and expanded versions than for the original
version. However, the lack of statistical reliability in the by-subject analysis indicates that
this effect was not robust. Apparently, not all subjects reacted in the same way to the three
versions of the text. In general, the revised and expanded versions of the text had stronger
effects on the sorting data, but not for all subjects. In Experiment 2 this difference between
individual subjects will be examined further and related to the knowledge background of
the subjects.

Discussion
The goals of our first experiment were to investigate conceptual changes in readers

that occur as a function of reading a text and to replicate earlier findings that making texts
more coherent improves their recall. The study yielded informative results in both respects.
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We were particularly interested in the sorting task as an indicator of the students'’
knowledge structure before and after reading a biology text. We were able to show that
reading a text changes the way students organize concepts in predictable ways. Before
reading they sort on the basis of their general knowledge; after reading they sort in a
somewhat different way -- based on their knowledge plus the episodic text memory.

The present study does not provide evidence concerning long-term changes in the
sorting patterns, nor the extent to which the episodic text memory was integrated with the
knowledge structure. The sorting task cannot yield a complete or direct picture of the
subjects' knowledge structure. How the keywords are sorted is only in part determined by
the sorter's knowledge structure. Nevertheless, sorting a set of key phrases related to the
text proved to be a sensitive method for assessing the effects of reading. In the present
case, items that were discussed in the text as typical of mammals were assigned more
strongly to the mammal category after reading than before. Items not discussed in the text
or not characteristic of mammals showed the least tendency to be categorized with mammal
jtemns on the posttest and were in some cases even more clearly differentiated than before,
in spite of the heavy focus on mammals introduced by the text.

The second main question investigated here concerned the effects of manipulating
textual coherence. The original and revised versions of the text differed in coherence,
primarily at the macro-level. As expected, subjects who read the revised, more coherent
version, recalled more of the text, especially more of the macropropositions within the text,
than subjects who read the original version. In addition, sorting changes were larger for the
revised than for the original text. Subjects who read the revised version also showed more
differentiated sorting changes than the readers of the original version: items for which the
text emphasized their mammalian character moved more strongly into the mammal
category, while uncharacteristic items moved slightly away from it.

The results of Experiment 1 complement those reported by Britton and Gulgoz
(1991). These researchers reported a large increase in text recall after revising their text to
make it locally coherent. However, the text used in the present study was locally coherent
to begin with, though not globally coherent. Hence our changes, and their effects on recall,
were primarily at the macro-level. Thus, making texts more coherent at either the micro- or
macro-level can have beneficial results on recall.

So far, we have focused on the coherence differences between the original and
revised texts. This has the advantage that it allows unambiguous statements about the
effects of that single variable. But there is, of course, much more to good textbook writing
than issues of coherence. Beck and McKeown (1991), in their review of textbook analysis
methods, identify lack of coherence at the macro-level as one of the major problems with
instructional text, but they also raise a number of broader issues. They make the important
point that for evaluating a textbook, and presumably for writing one, one must have a clear
idea of what kind of information is to be conveyed to the student (the underlying situation
model). The problem is not only structural, but also one of content.

It was this concern with content that led us to include the expanded version in our
study. In addition to the structural improvement made in the revised version, the expanded
version attempts to provide a more adequate situation model. The situation model on which
the original text (and hence also the revised text) was based appeared to be inadequate
because it simply listed traits of mammals, without explaining their importance. In the
expanded version, we supplied explicit arguments that stated why each of the traits was
being considered. This made the text longer and possibly more difficult (arguments, not
concrete facts were added). As a result, recall suffered somewhat in terms of the proportion
of the total text that was reproduced. But at the same time the sorting changes induced by
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the expanded text were larger and more differentiated than those induced by the revised and
original texts. This result confirms the conclusions of Mannes and Kintsch (1987), who
observed that richer constructive processing could be related to the generation of a more
elaborated situation model and to superior performance on a problem solving task.

While the text revisions affected sorting behavior of junior-high students, this was
not true for all students: The sorting analysis was significant only in an analysis by item,
but not in the analysis by subjects. Some students did better with the less coherent text,
possibly because they had good background knowledge and were stimulated into more
active processing by the less coherent text, as has been hypothesized above. The design of
Experiment 1 did not permit us to test this hypothesis. In Experiment 2, a different text was
employed so that coherence could be manipulated both at the local and global level.

Further, we developed a separate pretest and posttest. Unlike Experiment 1, the new pretest
did not directly query information presented in the text, but rather background knowledge
which would be helpful for understanding the text. This pretest then enabled us to classify
subjects according to their knowledge background in order to examine more precisely how
knowledge and text coherence interact in comprehension and learning from text.

Experiment 2

Experiment 2 was designed to test the prediction that rather than having a fully
coherent text to read, some students may learn better when they have to provide the
coherence themselves, both at the local and at the global level. Specifically, we predicted
that incoherent texts, compared to fully coherent texts, would be more beneficial to readers
with the requisite knowledge background. We expect such readers to use their knowledge
to generate the information that is missing from the text and, in so doing, to construct a
more complete model of the situation it describes. This active processing advantage would
manifest itself most clearly on tasks that depend upon the construction of a situation model
and less so on tasks that assess memory for the text itself. Therefore, we used tasks that are
differentially sensitive to textbase and situation model constructions.

As in the case of Experiment 1, measures that reflect primarily the textbase are free
recall and text-based questions. Free recall is by its very nature a measure of memory for
the text itself, a textbase measure, particularly when the task presented to the reader is
simply to recall the text, in contrast, for example, to explaining the text. Text-based
questions require only a single sentence from the text to be answered, thus understanding
the relation between two sentences or the text as whole is not necessary. Situation model
measures include problem solving questions, bridging inference questions, elaborative
inference questions, as well as the sorting task. Problem solving questions require applying
information from the text to a novel situation and hence depend on situational
understanding. Bridging inference questions require linking information from two or more
sentences in the text to answer the question. Inferring the unstated relationship between
sentences is also a process that relies on the situation model. Elaborative inference
questions require linking textual and outside knowledge information, which requires some
but not necessarily a very deep situational understanding. Finally, the sorting task measures
the reader’s understanding of the relationship between concepts presented in the text which
reflect at least in part the situation model.

We propose that the textbase measures tap into a superficial understanding of the
text, whereas the situation model measures tap into learning processes. Of course, this
distinction is not absolute, but a matter of degree. Free recall can be dependent on a
situation model. For example, it is possible to reconstruct a text on the basis of a good
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situation model, rather than reproducing it from a textbase. Similarly, textbase effects even
in inference questions and the sorting task cannot be ruled out. However, it is safe to say
that on the whole, one set of measures is more textbase dependent and another set more
situation model dependent.

A junior-high level encyclopedia article on heart disease served as our starting
point. We chose the topic of heart disease because we believed it would be fairly unfamiliar
to most of the students and yet reveal a wide variation in their background knowledge. In
Experiment 1, our revised version of the mammal text primarily added coherence at the
macro-level, since local-level coherence was already adequate in the original text. In
contrast, Experiment 2 examined the effects of coherence at both the local and global
macrostructure level. By increasing and decreasing the coherence of the original text we
obtained four texts which all had the same biology content but differed in coherence. The
text CM was maximally coherent at both the local (C) and macro-level (M); the text Cm
was identical at the local level but lacked some inferable statements which made the
macrostructure explicitly coherent; for the text cM, these macro-statements were included,
but certain sentence connectives and other material important for local coherence were
deleted; finally, the text cm had coherence gaps at both the local and macro-level. The
experimental predictions concerned primarily the differences between texts CM and cm;
the other two text versions were included to explore the relative weights of local and macro
coherence in this situation.

The students' background knowledge was assessed by means of a question-
answering task about the functioning of the heart. They were classified as having low or
high background knowledge on the basis of a median split of the scores on this test. The
theory outlined above predicts an interaction for measures that depend strongly on the
readers' situation model: for low-knowledge subjects, the fully coherent text CM should be
best; in contrast, for high-knowledge subjects, the text with coherence gaps, cm, should be
best. On the other hand, for measures that reflect primarily the readers' textbase, CM
should always be better than cm.

Method
Subjects
Fifty-six subjects were paid $10 for participating in this study. They were between
10 and 15 years old (M = 13 years, 11 months) and were entering grades 7 through 10.
Fourteen subjects were assigned to each of the four text conditions based on the order of

testing. There were no significant differences between the four groups of subjects in terms
of their age or grade level.
Materials

Texts. The experimental texts were based on an entry in a science encyclopedia for
school-age students (Raintree lllustrated Science Encyclopedia, vol. 8, 1984). Text
coherence was orthogonally manipulated at the local and global levels by adding or deleting
linguistic coherence signals. This process resulted in four text versions: a maximally
coherent text, at both the local and macro-level (CM); a text maximally coherent at the local
level and minimally coherent at the macro-level (Cm); a text minimally coherent at the local
level and maximally coherent at the macro-level (cM); and a minimally coherent text, at
both the local and macro-level (cm). The number of words in the CM, Cm, ¢M, and cm

texts are 1053, 913, 823, and 683, respectively. Thus, 230 words were added to increase
local coherence, and 140 words to increase coherence at the macro-level.
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The maximally and minimally coherent texts are presented in Appendix B. The
following four types of text revisions were used to maximize local coherence:

(a) replacing pronouns with noun phrases whenever the referent was potentially
ambiguous (e.g., replacing it with the heart);

(b) adding descriptive elaborations which link unfamiliar concepts with familiar
ones (e.g., This disease usually follows a sore throat caused by bacteria
known as streptococci. This is often called "strep throat."),

(c) adding sentence connectives (e.g., however, therefore, because, so that) to
specify the relationship between sentences or ideas; and

(d) replacing words to increase argument overlap (e.g., replacing person and cases
with baby(s)).

Since the actual text was more or less the same in all versions, the same macropropositions
could be inferred by an attentive and knowledgeable reader, irrespective of the version
read. However, in the high macro-coherence versions of the text, texts €M and CM, these
macropropositions were signalled explicitly by various linguistic means (i.c.,
macrosignals):

(a) adding topic headers (e.g., Congenital Heart Disease, Acquired Heart Disease);
and

(b) adding macropropositions serving to link each paragraph to the rest of the text
and overall topic (e.g., There are many kinds of heart disease, some of which
are present at birth and some of which are acquired later.).

The above local and global text manipulations were reversed (e.g., noun phrases were
replaced with pronouns, sentence connectives were deleted) to decrease text coherence. The
additions specifying the macrostructure are considered macrosignals and were only present
in texts ¢cM and CM. The macropropositions common to all versions of the text
correspond to individual heart disorders and treatments.

Prior knowledge questionnaire. Subjects were given a knowledge assessment test
to determine individual differences in domain knowledge. We assumed that most readers
would have minimal knowledge of the information presented in the text, but might vary in
terms of their background knowledge about the human heart. Therefore, the test assessed
basic level understanding of the structure and function of the heart, rather than knowledge
about the text topic. The test consisted of three sections that were completed in order and
removed before the next was presented. The first section required the subject to list as
many parts of the human heart as possible and subsequently to describe the function of
each part listed. The second section was a recognition test that required the subject to match
parts of the heart to a diagram showing a cross section of the heart and its major blood
vessels. There were eight terms listed which were actual parts of the heart and two
distractor terms. The third section consisted of six fill-in-the-blank and six short-answer
questions about the structure and function of the heart.

ions. Subjects answered two sets of short-answer questions about the
content of the text (heart diseases and their treatments). Altogether there were 41 questions
which were classified into four different types:




Text Coherence and Knowledge 18

(a) text-based questions (n = 9) for which the necessary information to answer the
question was stated within a single sentence of the minimally coherent (cm)
text (e.g., What is the main function of the coronary arteries?),

(b) elaborative inference questions (n = 13) which required linking text information
and information from outside knowledge to answer the question (e.g., Explain
why arrhythmia would be a threat to life.);

(c) bridging inference questions (n = 9) for which the information occurred in the
text, but required linking two or more sentences to answer the question (e.g.,
Which disease causes scarring of the heart valves?); and

(d) problem solving questions (n = 10) which required linking information from
separate sentences within the text and applying this information to a novel
situation (e.g., Although he is only 28 years old, KT is experiencing heart
failure from a disease that is gradually destroying the heart muscle. What kind
of treatment would help this patient? Explain your answer.).

Questions of type (a) can be answered on the basis of the textbase; type (b) requires, in
addition, some outside knowledge but not a very specific situation model; answers to types
(c) and (d), in contrast, depend on a well-formed situation model.

The 41 questions were divided into two sets with the constraints that the questions
in each set be matched as well as possible for difficulty, content matter, and number of
possible points. Half of the subjects in each group received one set of questions as the
posttest after the first text reading and the other as the posttest after the second reading; the
remaining subjects were given the tests in the reverse order. For each set, there were two
random orders of questions.

Sorting task. Subjects received one set of cards to sort. The set of cards consisted
of 18 concepts each printed on a separate card. There were 8 non-text items and 10
concepts which were keywords from the text. The 10 text items consisted of 3 concepts
related to congenital heart disease (i.e., blue baby, septal defect, carbon dioxide) and 7
concepts related to acquired heart disease (i.e., rheunatic fever, streptococci, blood clot,
coronary thrombosis, by-pass surgery, arrhythmia, pacemaker). Of the 8 non-text
concepts, 3 referred to parts of the human heart (i.e., ventricle, mitral valve, pulmonary
vein), 2 were other body organs (i.e., thyroid, kidney) and 3 were related to diseases not
specific to the heart (i.e., cancer, multiple sclerosis, malignant). Our motivation for
selecting these items was to provide a group of concepts for which there were several
rational sorting principles, but also clearly discernible, text-driven sorting principles.

Procedure

The general procedure and the instructions to the subjects for each of the tasks were
identical to those in Experiment 1. The order of the experimental tasks was as follows: (a)
sorting task, (b) prior knowledge questionnaire, (c) text reading, (d) text recall, (e) posttest
questions, (f) second text reading, (g) second text recall, (h) second set of posttest
questions, and (i) sorting task. Subjects read the text and completed the comprehension
measures twice in order to ensure as complete an understanding of the text as possible.
Reading and task completion times were recorded with a stopwatch. The session lasted
approximately an hour and a half.
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Results
Prior knowled .

The purpose of this measure was to classify subjects as high- or low-knowledge on
the basis of a median split procedure on these scores. There was a total of 41 possible
points on the knowledge test, 1 point for each correct piece of information supplied. The
responses were scored for percent correct.

There were no significant differences among the subjects assigned to the four
different text conditions, neither in terms of proportion correct (M = .34; F(3,52) < 1) nor
in terms of the amount of time to complete the test (M = 12.84 min; F(3,52) < 3). The
scores for high-knowledge (M = .48) and low-knowledge (M = .20) subjects differed
statistically, F(1,48) = 152.9, and there was no interaction between the high- and low-
knowledge subjects and the four text conditions, F(3,48) < 3. Hence, high- and low-
knowledge subjects were fairly equally distributed across conditions.

Although the average ages of the high-knowledge (M = 14.4 years) and low-
knowledge (M = 13.5 years) subjects differed statistically, F(1,48) = 6.1, there was no
difference in age between text conditions and there was no interaction between text
condition and knowledge group for age, both F(3,48) < 1. Hence, the older and younger
subjects were equally distributed across conditions. There was no difference in grade
between high- and low-knowledge subjects, the average grade level being 7.5 for high- and
7.6 for low-knowledge subjects. Furthermore, grade levels did not differ among texts, nor
was there a grade by text interaction (all Fs < 1). Thus, the large difference in knowledge
between the high- and low-knowledge subjects was not due to length of schooling and
could only in part be due to the relatively small (1 year) difference in age.

Analyses

In order to generalize over both subjects and items, we conducted all analyses both
by subjects and by item. However, our primary concern is the reliability of the by-subject
analyses, and subsequently, the substantiation of these analyses with the by-item analyses.
Therefore, only those F values reliable at p < .05 according to the by-subject analyses are
reported. Planned comparisons and mean squared errors (MSe) are reported only for the
by-subject analyses. Unless otherwise stated, all reported Fs are reliable at p < .05.

ANOVA s including the three between-subjects (within-items) factors of local
coherence (high, low), global coherence (present, absent), and knowledge (high, low, by
median split on the pretest scores), were conducted on the three knowledge assessment
measures (recall, questions, sorting). Our local and global text manipulations were
orthogonal, allowing us to conduct our analyses including these two factors. For the factor
local coherence, high local coherence includes the texts CM and Cm, and low local
coherence refers to the texts cm and ¢M. Likewise, the factor global coherence refers to the
presence (texts CM and ¢cM) or absence (texts Cm and ¢m) of macrosignals. Other factors
were included in the analyses when appropriate.

Reading rates

Reading time for the entire text was measured with a stopwatch. The average
reading rates for the CM, ¢M, Cm, and cm texts were 92, 87, 81 and 80 words per
minute, respectively. Although the absence of an explicit macrostructure in a text apparently
slowed subjects down, the factor global coherence was not significant statistically, F(1,48)
< 2. In addition, high- and low-knowledge subjects read the texts at about the same rate,
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F(1,48) < 1. However, there was a significant interaction between global coherence and
knowledge, F(1,48) = 8.2, reflecting the finding that low-knowledge subjects read the text
more quickly when macrosignals were present (M = 94 wpm) than when absent (M =70
wpm), but the high-knowledge subjects read the text more slowly when macrosignals were
present (M = 85 wpm) than when absent (M = 92 wpm).

Text recall

The four text versions were propositionalized using the same method adopted in
Experiment 1. In order to compare recall for the different text versions, the analysis
includes only those propositions containing information common to all four texts; that is,
those comprising the cm text. This scoring method allows by-item analyses to be
performed because the propositions that are scored remain the same for all subjects
regardless of text. There were 63 micropropositions and 7 macropropositions common to
all texts.

Subjects recalled the text twice, once after the first reading and again after reading
the text a second time. The two protocols for each subject were pooled and scored
collectively. Thus, a composite recall was formed of the propositions provided in the first
recall together with any additional (non-repeated) propositions that occurred in the second
recall.

ANOVAS by subjects and by items were performed on proportional recall including
the factors local coherence, global coherence, knowledge, and proposition type
(macroproposition, microproposition). Subjects reproduced all texts quite well. Overall,
more than a third of the text propositions were recalled, which, for texts of this length, is
quite high. The least coherent text, cm, was recalled worst (M = .35), while the other three
texts were recalled about equally well (M = .43). Neither these differences nor the overall
differences in the recall of high- and low-knowledge subjects were statistically reliable (all
Fs < 2). However, the triple interaction shown in Figure 3 was marginally reliable by
subjects, F(1,48) = 3.0, MSe = .038, p < .09, and significant by items F(1,68) = 6.9. For
high-knowledge subjects, coherence, either at the local or at the global level, made very
little difference (F(1,24) < 1); their recall was above 40% for all versions of the text.
Apparently, they were able to construct a good textbase with or without the help of explicit
linguistic signals. In contrast to the high-knowledge subjects, low-knowledge subjects
seemed to form a good textbase with a text that had coherence added at one level or another
(Cm and cM) or at both levels (CM). However, as shown by the significantly lower recall
of the cm text for low-knowledge subjects (F(1,24) = 4.5), they could not do so when
they had to deal with coherence gaps at both levels.

Figure 3

The main effect of proposition type indicates that macropropositions were recalled
better (M = .43) than micropropositions (M =.38) (F(1,48) = 4.7, MSe = .013, by
subjects; F(1,68) < 1, by-items). This difference in recall, however, depended on the
global coherence of the text (F(1,48) = 7.3, by subjects; F(1,68) = 8.2, by items). For
texts containing macrosignals (CM and ¢cM), macropropositions (M = .48) were recalled
better than micropropositions (M = .38). However, for texts without macrosignals (Cm
and cm), there was no difference in the recall of macropropositions (M =.39) and
micropropositions (M = .40). The triple interaction indicates that this effect also depended
upon local coherence (F(1,48) = 4.5, by subjects; F(1,68) = 3.9, by items). As is apparent
in Table 1, there was very little difference in the recall of micropropositions across the four
texts, whereas the three texts with either local or global coherence or both yielded higher
macroproposition recall than the minimally coherent text.
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Table 1
Posttest questions

Subjects answered a set of questions after each of the two readings of the text.
Because there were no differences between the times to complete the first or second posttest
questionnaire, these times were combined.

There were no significant differences between the four text conditions in terms of
the total amount of time spent answering questions (M = 25 min). However, high-

knowledge readers took longer to answer the questions (M = 26 min) than low-knowledge
readers (M = 23 min), F(1,48) = 4.7, probably because they simply had more to say.

Table 2

To score the posttest questions, 1 point was awarded for each piece of targeted
information. As some questions targeted more than one piece of information, individual
questions varied from 1 to 2 points. There was a total of 27 possible points possible for
each set of questions. The questions were scored for percent correct. There was no
difference between the scores for the first and second postreading tests; these scores were
therefore combined for each subject. ANOVAs, both by subjects and items, were

ormed on the postreading question percentage COrrect SCores, with the factors of local
coherence, global coherence, knowledge, and question type (text-based, bridging,
elaborative, problem solving). These results are presented in Table 2.

The main effects of local and global coherence were unreliable according to both the
by-subjects and by-items analyses. There was, however, a main effect of knowledge
(F(1,48) = 11.9, MSe = .086, by subjects; F(1,37) = 61.8, by items); high-knowledge
subjects scored better on the posttest questions (M = .49) than low-knowledge subjects (M
= .35).

Question type yielded a significant main effect by subjects, F(3,144) = 9.3, MSe =
1020, reflecting the finding that more of the elaborative questions were answered correctly
(M = .48) than bridging (M = A4), text-based (M = .43), and problem solving questions
M = .34), F(1,48) = 25.0, and that accuracy was lowest for the problem solving
questions, F(1,48) = 17.2. These differences were not, however, significant by items,
F(3,37) < 1. The interaction between question type and global coherence was reliable
according to both the by-subjects analysis, F(3,144) = 3.2, and the by-items analysis,
F(3,37) = 3.1. Subjects who had read texts with an explicit macrostructure answered text-
based questions more accurately (M = .49) than subjects who read low global coherence
texts (M = .37), whereas global coherence did not affect performance on the three other
types of questions (low global coherence, M = .42; high global coherence, M= 41),
F(1,48) = 6.4. No other factors reliably interacted with question type.

The predicted triple interaction between knowledge, local coherence, and global
coherence was reliable by subjects, F(1,48) = 6.4, MSe = .086, and by items, F(1,37) =
42.7. (The three two-way interactions were not reliable by subjects.) The proportion
correct averaged across the four question types presented in Table 3 shows the triple
interaction. This interaction reflects the finding that high-knowledge subjects performed
better on the questions with the cm and CM texts (M = .58) compared to the Cm and ¢cM
texts (M = .40), F(1,24) = 9.9, and better on the cm text overall, F(1,24) = 6.0. On the
other hand, although low-knowledge subjects appeared to perform worse on the questions
with the em text, this difference (F(1,24) = 2.9) was not reliable for these subjects.
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Of primary interest was the interaction between knowledge and text coherence
between the maximally (CM) and minimally (cm) coherent texts for each of the four
question types. First, we predicted that low-knowledge subjects would consistently
perform better with the coherent text. This prediction is consistent with previous findings
and our first experiment. Second, we predicted that the high-knowledge subjects would
perform better on the inference and problem solving questions with the cm text, and better
on the text-based questions with the CM text. This prediction was based on the assumption
that the text with coherence gaps would force the high-knowledge readers to engage in
active processing leading to a better situation model of the text information, and
furthermore, that answering the bridging inference and problem solving questions relied on
this situation model. To test this prediction, we conducted separate ANOVAs including the
two between-subject factors of text (CM, cm) and knowledge on each of the four question
types. These results are shown in Figure 4.

Figure 4

As predicted, the interaction between text and knowledge was reliable for both the
problem solving questions, F(1,24) = 5.5, MSe = .025, and the bridging inference
questions, F(1,24) = 4.8, MSe = .030. High-knowledge readers performed better on these
questions with the low-coherence text, while the opposite was the case for low-knowledge
readers. This interaction was not, however, reliable for the elaborative inference questions,
F(1,24) < 2. Also as predicted, the pattern of results for the text-based questions mirrors
that of the recall data: both high and low-knowledge subjects did somewhat better with the
coherent text (F(1,24) =2.8, p =.11).

Sorting

The sorting data are used to determine how strong an effect reading the text had on
the reader’s conceptual structure concerning heart diseases. We are interested not in how
well or reasonably subjects sort the items, but in the degree to which the information
presented in the text influences their sorting. Therefore, as in Experiment 1, the subject's
sorting score is a measure of harmony between the subject's sorting matrix and a weight
matrix indicative of an ideal sorting. Specifically, the sorting score is the sum of the inner
product between the subject's sorting matrix and an ideal sorting matrix. This sum is
divided by the total of the positive values in the matrix, in this case 25 (i.e., 12.5 * 2) so
that the sort score varied between +1.0 and -1.0. For the ideal sorting matrix we assumed
that the most credit should be given when subjects sort into the same category those items
that were closely related in the text. Specifically, the following five sets of items were
assigned a weight of 1: (a) blue baby, septal defect, and carbon dioxide; (b) rheumatic
fever and streptococci; (c) blood clot, coronary thrombosis, and by-pass surgery; (d)
arrhythmia and pacemaker; and (€) by-pass surgery and pacemaker). Less credit (a weight
of .5) was given for non-text items that were correctly categorized: (€) ventricle, mitral
valve, and pulmonary vein; (f) thyroid, and kidney; and (g) cancer, multiple sclerosis, and
malignant. As in Experiment 1, all other sorts were assigned a negative value in the ideal
sorting matrix such that the sum of the weight matrix was zero.

An ANOVA was performed on the subjects' sorting scores with the between-
subject factors of local coherence, global coherence, and knowledge, and the within-subject
factors of test and item type (text, non-text). The results of this analysis are shown in Table
3.

Table 3
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The main effects of, and interactions between, the three between-subject factors
(i.e., local coherence, global coherence, knowledge) were unreliable according to the by-
subjects analysis. A main effect of item type (F(1,48) = 30.5, MSe = .012, p < .001, by
subjects; F(1,16) = 2.1, NS, by items), reflecting higher scores for text items (M = .164)
than for non-text items (M = .085), is basically uninteresting because it reflects at least
partially our scoring system which weighted text items twice as much as non-text items.
More importantly, item type reliably interacted with test (F(1,48 = 18.3, MSe = .007, by
subjects; F(1,16) = 33.2, by items; both p <.001), reflecting greater change for text items
(M = .105) than for non-text items (M = .013). Item type did not interact with any of the
between-subjects factors; therefore, this difference was relatively constant across text and
knowledge conditions.

There was a main effect of test (F(1,48) = 38.1, MSe = .005, by subjects; F(1,16)
=54.2, by items; both p < .001), reflecting the overall change in sorting patterns from
pretest (M = .095) to posttest (M =.154) in the direction of the text structure. Most
crucially, the predicted four-way interaction of test, local coherence, global coherence, and
knowledge was reliable (F(1,48 = 8.1, by subjects; F(1,16) = 8.9, by items; both p <.01).
This four-way interaction with test is qualified by reliable two-way interactions with local
coherence (F(1,48 = 7.7, by subjects; F(1,16) = 14.4, by items; both p <.01) and global
coherence (F(1,48 = 5.7, by subjects; F(1,16) = 8.0, by items; both p < .02), and a three-
way interaction with local coherence and knowledge (F(1,48 = 8.7, by subjects; F(1,16) =
20.7, by items; both p < .01). As shown by the overall change scores in Table 4, the cm
text was most effective in changing the sorting patterns of the high-knowledge subjects,
whereas the two locally coherent texts (CM and Cm) were more effective for the low-
knowledge subjects.

Our primary concen is with the difference between the maximally and minimally
coherent texts. Thus, we conducted a separate analysis of the CM and cm texts including
the between-subject factors of text (CM, cm) and knowledge, and the within-subject
factors of test and item type. There was a main effect of knowledge, F(1,24) = 6.3, MSe =
.038, reflecting higher overall sorting scores for the high-knowledge subjects M =.336)
than for the low-knowledge subjects (M = .205). The overall difference between high and
low-knowledge subjects depended on text condition, F(1,24) = 4.8, whereby only a 0.02
difference in sorting scores occurred between knowledge groups for the high coherence
text, and a 0.24 difference for the low coherence text. There was a main effect of test,
F(1,24) = 27.1, MSe = .008, reflecting the overall change in scores from pretest (M =
.208) to posttest (M = .333), and a main effect of item type, F(1,24) = 14.2, MSe = .006,
reflecting the higher scores for the text items (M = .17) than for the non-text items (M =
.10).

Figure 5

We predicted that low-knowledge subjects would change their sorting patterns more
toward the text structure after reading the CM text, whereas the high-knowledge subjects
would change more with the cm text. As shown in Figure 5 in terms of change scores, this
prediction was confirmed by a reliable three-way interaction of text, knowledge, and test,
F(1,24) = 8.7, MSe = .004.

Discussion

The results of the sorting analysis and the inference question data support the
hypothesis that a text which requires gap-filling inferences is beneficial for learning,
provided the learner has an appropriate knowledge background. Otherwise, the learner
needs a fully coherent, fully explicit text. Figure 4 shows that high-knowledge subjects
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who read a minimally coherent text did best on questions requiring bridging inferences or
problem solving. Having to infer the local coherence of the text and having to construct a
macrostructure for the text on their own yielded greater conceptual change for these
subjects than when all the necessary cues for the coherence of the text and its
macrostructure were explicitly provided by the text. Similarly, with regard to the sorting
task, Figure 5 shows that the cm text, which required the most active processing, produced
the largest change in the high-knowledge subjects' sorting behavior towards congruence
with the text structure.

For subjects with a poor knowledge background, this pattern of results is reversed.
The fully explicit text is most effective for both textbase and situation model measures. This
finding agrees with the prediction that subjects who are unable to do more inferential
processing on their own, because they lack the necessary knowledge, require a text that
does this processing for them. These data replicate those of Experiment 1, as well as the
earlier results obtained by Beyer (1987, 1990) and Britton and Gulgoz (1991), and suggest
that the subjects in those experiments were primarily low-knowledge subjects.

We do not claim, of course, that no active processing takes place while reading the
coherent text. All readers are necessarily processing the information in the text at some level
or another. However, our results do indicate differences in the nature of processing by
high- and low-knowledge readers as a function of text type. The benefits of active
processing that we are referring to have to do with generating information from the
knowledge base and adding it to the information in the text. High-knowledge readers
undoubtedly are capable of active processing even when a text is easy to understand, and
may very well do so in some situations. Nevertheless, the present data indicate that they are
less likely to do so with material that does not pose a challenge.

The absence of both local and global coherence of a text seem to be important in
stimulating active processing by the high-knowledge subjects. For both the question data
and the sorting data, the active processing advantage for these subjects was obtained only
with the low-coherence, implicit-macrostructure text (cm). For the low-knowledge
subjects, explicitness at either the local or global level aided their performance on the
questions, while local coherence was clearly the deciding factor for the sorting task. The
low-coherence, explicit-macrostructure text (cM) was least effective in the sorting task for
both groups of subjects, and for problem solving questions for the high-knowledge
subjects. Hence, a text that is overly supportive at the macro level, while at the same time
difficult at the local level, may induce a false sense of understanding which masks
deficiencies in the construction of an adequate situation model. However, this speculation
is tempered by the consideration that the cM text was not particularly bad for the other
types of questions. The question whether readers become more aware of their own
comprehension processes when reading difficult text remains an intriguing question for
future research.

The predicted interaction between level of background knowledge and performance
was observed in the bridging inference questions, problem solving questions, and the
sorting task. These tasks depend primarily upon the adequacy of the situation model
constructed by the reader. Low-knowledge readers could not form adequate situation
models when the text did not support them, whereas high-knowledge readers actually
constructed better situation models when they had to actively process a sub-optimal text.

An interaction with knowledge was also observed in the free-recall data, one of our
measures of text memory. However, no advantage for the difficult text was observed
among high-knowledge readers. Recall was good among all readers as long as either some
sort of coherence (local or global) was present in the text, or subjects had the necessary
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background knowledge (see Figure 3). Our second measure of text memory, the text-based
questions, did not show a reliable interaction with knowledge. Here, maximum coherence
clearly provided an advantage for all readers.

In terms of the van Dijk and Kintsch (1983) theory, free recall (or at least its
reproductive component), as well as questions specifically directed at text information,
depend primarily on the textbase readers construct. Except for the low-knowledge readers
who were given the most difficult text, all readers were apparently able to form adequate
textbases and recalled the texts quite well. The textbase by its very nature reflects the
hierarchical structure of the text. It can, therefore, serve as an efficient retrieval structure,
enabling two propositions to be reproduced successfully, regardless of whether the reader
understood or remembered the relationship between the two. Thus, reproductive recall was
about equal for all versions of the text. On the other hand, to answer an inference question
correctly, or to form the correct sorting categories, it is not sufficient to retrieve the relevant
propositions. One also needs to know the relation between them, that is, one needs an
elaborate situation model that specifies these relationships.

Conclusions

The coherence of a text from which a student is supposed to acquire knowledge is
clearly important. Increasing the coherence of a text has been found to improve readers’
comprehension by previous investigators (Beck et al., 1991; Beyer, 1987, 1990; Britton &
Gulgoz, 1991) as well as in the present study for low-knowledge readers. However, we
also found that by giving learners with sufficient background knowledge an incoherent text
which forced them to infer unstated relationships, we were able to engage them in
compensatory processing at the level of the situation model. This enabled them to
understand the text more deeply than if we had given them a more coherent text.

Our finding that it is sometimes better to let readers construct the coherence of a text
is not limited to text-based learning. The advantage of active processing has also been
observed with other kinds of tasks involving memory, learning and procedural skills. For
example, the benefits of generating versus simply reading or hearing the answers are well
established in memory tasks (e.g., Slamecka & Graf, 1978) and have recently been
demonstrated for learning tasks (McNamara & Healy, in press; but cf. Carroll & Nelson,
1993). Similarly, Battig (1979) observed that increased inter-item interference during
learning resulted in better performance in paired-associate learning. Battig's findings led
some researchers in the area of skill training to question the long assumed benefits of
optimizing performance during training (see, e.g., Healy et al., 1993; Healy & Sinclair, in
press; Schmidt & Bjork, 1992, for reviews of this literature). These researchers have
shown that facilitating the acquisition of skills or knowledge can impede their long-term
retention and transfer. Moreover, long-term retention can be enhanced with training
methods that slow down acquisition by making the learning process more difficult and
thereby increase the learner's active engagement. In sum, what appears to be an optimal
training strategy in the short-run is often detrimental in the long-run. Likewise, in the
present study we have found that what appears to be an optimal learning tool at one level
can be detrimental at another. We have shown that facilitating comprehension by increasing
the coherence of a text can result in a superficial level of comprehension that supersedes a
deeper understanding of the text.

With respect to reading, several studies have demonstrated advantages for text-
induced active processing (e.g., E. Kintsch, 1990; Mannes & Kintsch, 1987). Even
degraded text (e.g., with letters deleted or sentences scrambled) has been found to improve
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text comprehension under particular conditions (e.g., Einstein, McDaniel, Owen, & Cotg,
1990; McDaniel, Einstein, Dunay, & Cobb, 1986; O'Brien & Myers, 1985) and has also
been found to increase certain types of inferential processes (Keefe & McDaniel, in press).
In an educational application, Rauenbusch and Bereiter (1991) used text with letters deleted
from each word as a context for learning and practicing meaning-based reading strategies.
When combined with explicit instruction, the students were able to transfer these strategies
to reading normal texts. Our findings suggest, however, that the success of this type of
approach in further educational applications will require a clearer understanding of how the
knowledge level of the reader interacts with the difficulty of the task and the type of
comprehension processing engaged in (see also, McKeown, Beck, Sinatra, & Loxterman,
1992; Roller, 1990).

According to the results of our second experiment, constructing coherence without
explicit textual support is only possible when students possess adequate background
knowledge. The boundary conditions for this effect clearly merit further investigation. The
better performance of the high-knowledge subjects with the low-coherence text may be
limited to materials of just the right degree of difficulty. If the text is too hard, the
construction of coherence may fail; on the other hand, if the text is too easy, the gains
through more active processing may be too small (see, €.g., Einstein et al., 1990; OBrien
& Myers, 1985; Keenan, Baillet, & Brown, 1984; Meyers, Shinjo, & Duffy, 1987, for
similar arguments). In addition, findings regarding the generation effect in skill and
knowledge acquisition likewise indicate that a reader's familiarity with a particular domain
is an important consideration: In a learning paradigm, McNamara and Healy (in press)
found no advantages for generating when the process was relatively automatic. With
respect to the present study, we assume that our readers are acquiring new information
from the texts we present to them. That is, at least some of the information is unfamiliar to
them, as would be the case for most students reading an instructional text. However, it is
possible that many subjects (especially older ones) would be quite familiar with the
information about heart disease presented in our text. For such a subject our low-coherence
text might appear fully coherent; that is, it would be processed as easily as a fully coherent
text because the gap-filling inferences would be automatically generated. In this situation
the advantages we found for constructing coherence would presumably disappear.

In short, there is no easy solution to the problem of promoting learning from text,
not only due to the complexity of these interactions, but also because comprehending text is
not a unitary process. Comprehension may not succeed equally well at all levels, such as
the textbase or the situation model. Disproportionate comprehension at different levels of
understanding may complicate the student's self-monitoring of comprehension. If
comprehension proceeds well at the level of the textbase (e.g., for a high-knowledge reader
with a coherent text), the student may register satisfactory progress and thus fail to work
harder for a deeper understanding. Our findings suggest that the imperfectly written text,
on the other hand, may prevent such self-deception, and hence give rise to constructive
processes which result in better comprehension at the level of the situation model.

The implications of findings such as ours, showing benefits from difficult reading,
are of educational as well as general theoretical interest. With respect to educational
applications, our findings suggest an approach in which the coherence level of the text is
adjusted to the student's level of knowledge, such that reading becomes challenging
enough to stimulate active processing, but not too difficult so as to break down
comprehension. Of course, this would mean constructing several versions of a text in order
to accommodate varying levels of knowledge among readers. The idea of "customizing” a
textbook is not as impractical as it might seem. For example, textbook publishers now
provide instructional texts which are a composite of particular subject areas requested by
individual teachers. Moreover, the kind of educational application of customized text that
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we have in mind is easily within the capability of present-day hypertext computer systems.
Text could be presented on a computer screen with interspersed questions or tasks designed
to assess a student's comprehension on-line. Instructional text could then be presented at
the level of coherence that is appropriate to the student's current level of understanding --
such that it encourages inferencing but also ensures that the reader is indeed able to do so.
In this way students are forced to use their knowledge as they read, allowing effective
learning from a textbook to be achieved by a much wider range of students than is possible
with a single textbook, targeted at a supposed average reader.

Additionally, the notions explored here concerning text coherence, background
knowledge, and levels of understanding in text comprehension may be useful in directing
attempts to formulate guidelines for textbook writers, editors and lecturers. Tuning the level
of detail and coherence to the audience is implicitly expected of writers. Often, however,
writers underestimate their audience and end up with an overly explicit text. What we have
demonstrated here is that overly explicit writing is not only annoying, it can actually
prevent the audience from actively processing what we have to say.

Finally, it is important to see our results within the broader context of other findings
on learning and skill acquisition, such as those reported by Schmidt and Bjork (1992).
Taken together, these studies imply that for both simple skills and higher-order cognitive
processes there is no simple relation between ease of learning and final performance.
Focusing on ease and speed of learning, as training programs have been doing in practice,
with the approval of learning theorists, is not necessarily optimal. Instead, the optimal
training program will have to be considerably more complex, introducing difficulties and
stumbling blocks into the learning process, but introducing them in carefully considered
and controlled ways. In the present paper we not only provide an empirical basis for this
claim, but also a theoretical framework within which this phenomenon can be understood
and explored further, at least for the case of learning from text.
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Footnotes

1 The sort score is the sum of the inner product between a subject’s sorting matrix (sjj) and a
weight matrix (wij) divided by the sum of the positive weights in the weight matrix (i Iwijl /2):
((sij » wij) / (X Iwijl / 2)). Specifically, a subject's sorting matrix consists of 1s and Os,
whereby a i indicates a pair of items sorted together and a 0 indicates a pair not sorted
together. The weight matrix, indicative of an ideal sorting, was constructed by assigning a
weight wij=1.0 to cells of the matrix representing pairings between mammal characteristics,
pairings between non-mammal traits, and pairings between shared characteristics. A weight
wij=0.5 was assigned to pairings between mammal characteristics and shared
characteristics. This yields a total of 102 points for the positive values in the matrix (.,

51 * 2). The remaining cells of the weight matrix were assigned negative values in such a
way that the sum of the matrix became 0. Specifically, the negative weight was set equal to
-(& twijl / 2)/(m-k)), where (2 Iwijjl /2) is the sum of the positive values in the matrix, m is
the total number of non-diagonal cells in the matrix, (n2-n), and k is the number of cells
containing positive values. Diagonal cells of the weight matrix were assigned a weight of 0.
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Table 1. Proportion of propositions recalled for the four text versions in Experiment
2 for propositions occurring in all texts.

CM Cm cM cm

Proportion of Propositions Recalled .43 43 42 35
Micropropositions .40 .36 41 .39
Macropropositions 47 .49 .46 .32
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Table 2. Proportion correct responses on the postreading questions for the four text
conditions in Experiment 2 by Knowledge and Question Type.

CM Cm cM cm
High Knowledge
Text-based 0.64 0.37 0.47 0.51
Bridging 0.48 0.43 0.40 0.68
Elaborative 0.60 0.48 0.44 0.62
Problem Solving  0.46 0.34 0.27 0.61
Average 0.55 0.41 0.40 0.61
Low Knowledge
Text-based 0.47 0.33 0.38 0.26
Bridging 0.40 0.38 0.43 0.31
Elaborative 0.47 0.42 0.42 0.35

Problem Solving ~ 0.30 0.29 0.28 0.17

Average 0.41 0.36 0.38 0.27
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Table 3. Sorting task scores in Experiment 2 by Text, Knowledge, Item Type, and Test.

CM Cm cM cm
High Knowledge
Text Items
Pretest 0.13 0.12 0.14 0.16
Posttest 0.22 0.23 0.12 0.37
Non-Text Items
Pretest 0.07 0.04 0.12 0.15
Posttest 0.09 0.04 0.12 0.16
Overall Change Score 0.11 0.10 -0.01 0.23
Low Knowledge

Text Items
Pretest 0.10 0.02 0.15 0.09
Posttest 0.25 0.27 0.18 0.11
Non-Text Items
Pretest 0.06 0.02 0.09 0.08
Posttest 0.07 0.08 0.10 0.07

Overall Change Score 0.16 0.32 0.04 0.00
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Figure Captions

Figure 1. Propositional and network representations of the two complex
propositions in the sentence "Many mammals hibernate because food is often scarce
in winter."

Figure 2. The change in the frequency from pretest to posttest with which three
different types of items were sorted together with other mammal characteristics for
three texts in Experiment 1.

. Proportional recall of the text propositions common to all four texts as a
function of readers' knowledge in Experiment 2.

Figure 4. Proportion correct answers to the four types of questions on the
postreading test for the maximally (CM) and minimally (cm) coherent texts as a
function of readers' background knowledge in Experiment 2.

Figure 5. Change from pretest to posttest in sorting scores for the maximally (CM) and
minimally (cm) coherent texts as a function of readers’ background knowledge in
Experiment 2.
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Appendix A

Text excerpts from the original, revised, and expanded versions of the texts used in
Experiment 1. The text excerpts are each from the section about mammals' teeth. Text
additions are underlined.

Traits of M Is - Original Versi

Mammals have very specialized teeth. There are four types of teeth in mammals:
incisors, canines, premolars, and molars. The number and shape of each of these types of
teeth are related to the kind of food the mammal eats. Meat-eating mammals, such as
wolves and lions, have long, pointed canine teeth that are used for tearing. Their incisors
are chisel-shaped and are used for cutting. Plant-eating mammals, such as horses and
cows, have large, flat premolars and molars. These teeth are used for grinding plant
materials.

Traits of M Is -- Revised Versi

Another physical trait of mammals s that they can eat many different kinds of food
because they have very specialized teeth. This trait also helps them to live in different kinds
of environments. There are four types of teeth in mammals: incisors, canines, premolars,
and molars. The number and shape of each of these types of teeth are related to the kind of
food the mammal eats. Meat-eating mammals, such as wolves and lions, have long,
pointed canine teeth, that are used for tearing. Their incisors are chisel-shaped and are used
for cutting. Plant-eating mammals, such as horses and cows, have large, flat premolars and
molars. These teeth are used for grinding plant materials.

Trai mals -- Expan ion
Mammals are also successful because over many, many years, they have developed
different kinds of specialized teeth. These different teeth allow mammals to eat many
i d d an ¢at ma 0 1CTC ‘ O
and become exti he

==

There are four types of teeth in mammals. The number and shape of each of these
types of teeth are related to the kind of food the mammal eats. Meat-eating mammals, such
as wolves and lions, have long, pointed canine teeth, that are used for cutting. Plant-eating
mammals, such as horses and cows, have large, flat premolars and molars. These teeth are
used for grinding plant materials. Mammals such as humans have many different kinds of
teeth. These help them eat the many different kinds of food in their diets.
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Appendix B

Fully coherent and minimally coherent versions of the texts used in Experiment 2.
Text additions are underlined or italicized in the fully coherent version: Text which was
added to increase coherence at the local level is italicized, and text which was added to
increase coherence at the macro-level is underlined.

Heart Disease -- Fully Coherent Version

The heart is the hardest-working organ in the body. We rely on it fo supply blood
regularly to the body every moment of every day. Any disorder that stops the heart from
supplying blood fo the body is a threat to life. Heart disease is such a disorder. It is very
common. More people are killed every year in the U.S. by heart disease than by any other
disease.

Th kinds of h i i n i m
f whi ir T
1. C ital | 5

A congenital heart disease is a defect that a baby is born with. Most babies are born
with perfect hearts. But one in every 200 babies is born with a bad heart. For example,
hearts have flaps, called valves, that control the blood flow between its chambers.
Sometimes a valve develops the wrong shape. It may be too tight, or fail to close properly,
resulting in congenital heart disease. Sometimes a gap is left in the wall, or septum,
between the two sides of the heart. This congenital heart disease is often called a "septal
defect". When a baby's heart is badly shaped, it cannot work efficiently. It cannot pump
enough blood through the lungs so that it receives enough oxygen. As a result, the baby
becomes breathless. The blood also cannot get rid of carbon dioxide through the lungs.
Therefore, the blood becomes purplish, which causes the baby's skin fo look blue.
Fortunately, it is now possible to save the lives of many “blue babies".

2. Acquired heart disease

Some heart diseases are acquired after the baby is bomn. Rheumatic fever is an
example of an acquired disease that may cause damage to the heart. This disease usually
follows a sore throat caused by bacteria known as streptococci. This is often called "strep
throat". When strep throat causes rheumatic fever, the tissues of the heart become inflamed.
If the heart is badly affected, it fails very soon. Usually, however, it recovers, and the
results of the damage are seen only years later. This is because the rheumatic fever leaves
scars in the valves of the heart. Therefore, they cannot work properly. This puts a strain on
the heart so that eventually it may fail. The effects of the rheumatic fever may take up to
twenty or thirty years to appear.

n i is another example of ired h i . This disease
affects the coronary arteries. These are the blood vessels that extend across the heart and
supply it with blood from the lungs. They are very important because they give the heart
muscle the oxygen it needs to carry on working. In coronary disease the coronary arteries
become blocked, causing parts of the heart muscle to die because of the lack of oxygen.
When this happens, the patient has a heart attack, which can be fatal. The blockage of a
coronary artery is usually caused by a clot of blood, called a "thrombus”. When a clot
forms in a coronary artery, this is called "coronary thrombosis." That is the correct name
for a heart attack. In normal arteries, blood does not form clots. But in coronary disease,
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the walls of the arteries are not normal. They become lumpy, rough, and narrow. The
lumps break off and form clots that stop the flow of blood to the heart.

Other ex of acquired heart disease are arrhytl angina, a igh bloog
pressure. Arrhythmia, which means "lack of rhythm", is an interruption of the heart's
normal beat. Angina is a sharp pain in the chest which is very similar to that caused by a
heart attack, or thrombosis. High blood pressure is one of the most common heart
diseases. It places a heavy strain on the heart and other organs. Therefore, if it is not
treated, high blood pressure may lead to heart attacks, kidney failure, or other serious
problems. High blood pressure is a disease which has no symptoms. Thus, a person may
not be aware of having it unless the blood pressure is measured.

d 7 *

in mid- i ien m: I in
i i ical methods ha

4 Yy

ment d dI'l Q1SCANEC Ofn N¢ grug . Jrgica .
been developed. Among the new drugs for treating heart disease are chemicals called "beta
blockers". The beta-blockers lessen the after-effects of heart attacks; they can prevent
second attacks; and they can lower the blood pressure of people who have high blood
pressure. Other drugs dissolve the lumps which break off the walls of arteries so that they
do not stop the flow of blood to the heart.

damaged parts, Su 5 alve arterie he entire heart Ifahearthas
been so damaged that it can no longer function, it can be replaced by a mechanical heart, or,
more often, by a heart transplant. In transplant surgery, the healthy heart of someone who
has died replaces the diseased heart of the patient. Mechanical devices can be implanted in
people's bodies to keep their hearts functioning. The pacemaker is the most common of
these devices. It does not heal the diseased heart, but it relieves the symptoms of an
irregular heart beat and maintains the steady beat needed for normal living. When a heart
cannot pump enough blood through the lungs because of poorly functioning valves, the

. valves can be replaced with artificial ones of plastic and metal. For patients with coronary
disease, "by-pass surgery" is often used to repair clogged or damaged arteries. Doctors use
pieces of a patient's own veins, often from the leg, to replace the damaged portions of
arteries.

‘m f

controlling heart disease. For example, a substance called cholesterol is known to cause a
build-up of fatty substances in the blood vessels, which can cause blood clots to form in
the arteries. Therefore, doctors stress the importance of a diet low in cholesterol. Similarly,
salt is known to increase blood pressure, so doctors recommend a low-salt diet for patients
with high blood pressure.

Heart Disease -- Minimally Coherent Version

The heart is the hardest-working organ in the body. We rely on a regular blood
supply every moment of every day. Any disorder that stops the blood supply is a threat to
life. Heart disease is very common. More people are killed every year in the U.S. by heart
disease than by any other disease.
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A congenital disease is one that a person is born with. Most babies are born with
perfect hearts. In about one in every 200 cases something goes wrong. Sometimes a valve
develops the wrong shape. It may be too tight, or fail to close properly. Sometimes a gap is
left in the septal wall between the two sides of the heart. This is often called a septal defect.
When a baby's heart is badly formed, it cannot work efficiently. The blood does not
receive enough oxygen. The baby becomes breathless. The blood cannot get rid of carbon
dioxide through the lungs. It becomes purplish, and the baby's skin looks blue. It is now
possible to save the lives of many blue babies.

The disease called rheumatic fever may cause harm to the heart. The disease usually
follows a sore throat caused by bacteria called streptococci. The tissues of the heart become
inflamed. If it is badly affected, it fails. Usually it recovers, and the results of the damage
are seen only years later. The valves of the heart are left with scars. They cannot work
properly. This puts a strain on the heart. Eventually it may fail. The effects of the rheumatic
fever may take up to twenty or thirty years to appear.

The blood vessels that extend across the heart and supply it with blood are called
the coronary arteries. They are very important. They give the heart the oxygen it needs to
carry on working. If they become blocked, parts of the heart muscle will die. The patient
has a heart attack, which can be fatal. The blockage of a coronary artery is usually caused
by a thrombus, or blood clot. Coronary thrombosis happens when a clot forms in a
coronary artery. That is the correct name for a heart attack. In normal arteries, blood does
not form clots. In coronary disease, the walls of the blood vessels become lumpy, rough,
and narrow.

Arrhythmia is an interruption of the heart's normal beat Angina is a sharp pain in
the chest which is very similar to that caused by thrombosis. High blood pressure is very
common. If untreated, high blood pressure may lead to heart attacks, kidney failure, or
other serious problems. High blood pressure may have no symptoms. A person may not
be aware of having it unless the blood pressure is measured.

Among the new drugs for treating heart disease are a family of compounds called
beta blocking drugs, or simply, beta blockers. They lessen the after-effects of heart attacks,
can prevent second attacks, and can lower the blood pressure of people who have high
blood pressure. Other drugs dissolve the lumps which break off the walls of veins and
arteries.

Heart transplants are used more often than mechanical hearts. In transplant surgery,
the healthy heart of someone who has died replaces the heart of the patient. Mechanical
devices can be implanted in people's bodies to keep their hearts functioning. The
commonly used pacemaker does not heal the diseased heart, but it relieves the symptoms of
an irregular heart and keeps a steady beat for normal living. When a heart cannot pump
enough blood through the lungs because of poorly functioning valves, the valves can be
replaced with artificial ones of plastic and metal. By-pass surgery is used to repair clogged
or damaged blood vessels. Doctors use pieces of a patient's own veins, often from the leg,
to replace the damaged portions of arteries.

A substance called cholesterol is known to cause a build-up of fatty substances in
the blood vessels, which can lead to heart disease, so doctors stress the importance of a diet
low in fats. Salt is known to increase the blood pressure, so a low-salt diet is
recommended.
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