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Abstract

Summary Street is educational software that incorporates cognitive research on
the development of summarization skills with the meaning representation method, called
Latent Semantic Analysis. Summary Street provides students automatic feedback on the
content of their summaries. The feedback is presented in an easy-to-grasp, graphic
display that motivates students to improve their writing across multiple cycles of writing
and revision on their own before handing it in to the teacher for final evaluation. The
software thus has the potential to provide students with extensive writing practice without
increasing the teacher’ s workload. In classroom trials sixth-grade students not only wrote
better summaries when receiving content-based feedback from Summary Street, but also
spent more than twice as long engaged in the writing task. Improvement in content scores
was greater when students were summarizing more difficult texts. The authors suggest
that Summary Street could be adapted to awide variety of instructional goals beyond

summary writing.
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Summary Street is an interactive computer tutor designed to support a key
learning strategy: constructing a written summary of instructional text on
relatively unfamiliar topics. The purpose of summarizing is to help learners
integrate new material with what they already know and in so doing to
understand the material at a deeper level than they would by simply reading or
even rereading a text. Summary Street supports learners by providing nearly
instantaneous feedback on the content adequacy of their summary. It thus
enables learners and their teachers to quickly assess comprehension in an
ongoing fashion and to pin point problem areas to focus on. At the same time,
summarizing also reinforces writing skills. Since the computer rather than the
teacher can perform the onerous chore of assessing and grading summaries,
students can receive the extensive practice needed to acquire this important skill.

In this paper we describe how Summary Street works, why such a tool is
effective, and when and for whom it works best. The How and When questions can
be answered in a straightforward manner on the basis of the experimental study
described below. A review of the theoretical framework offered by the Kintsch
(Kintsch, 1998; van Dijk & Kintsch, 1983) model of discourse comprehension,
together with a brief review of the extensive empirical literature on the
relationship between reading, writing and learning provides an answer to the

Why question, with which we begin.

Why Should Children Learn to Summarize?
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An important series of studies by Ann Brown and her colleagues in the
1980s demonstrated the importance to comprehension and learning of the ability
to succinctly summarize what one has read. Their research (e.g., Brown,
Bransford, Ferrara, & Campione, 1983; Brown & Day, 1983; Brown, Day & Jones,
1983) and subsequent studies also documented a developmental progression in
learning this skill, with persistent weaknesses that extend to college students. It
is simply assumed that students will acquire the skill on their own as they read
instructional text. However, as Moore (1995) points out, NAEP (1990, 1993, 1998)
reviews of educational progress show that school-age students continue to have
trouble understanding expository text. Moore attributes this to the fact that
students lack familiarity with the more complex and varied structures of
expository text. Knowledge of diverse text structures helps the reader to
organize information during comprehension and facilitates efficient retrieval
later. Although the trend among educational researchers has been to emphasize
direct instructional interventions, we believe the problem could be addressed
simply by giving students intensive practice in working through many different
examples of expository text at a deep level, for example, by summarizing them.
Lack of opportunities to practice actively comprehending text is a major reason
why students remain stuck in a passive reading mode (cf. Paris, Wasik & Turner,
1991).

There are a number of additional reasons why summarizing is an
important learning tool, not only for academic success, but in the world beyond.
Our argument is theoretically based, but is broadly supported by educational
research conducted in the 1980s- to present (e.g., see review by Bransford,

Brown, and Cocking, 2000) that emphasizes learning with deep understanding
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and summarizing tasks as a key method for assessing whether or not this is
occurring. Newer assessment methods — those that test student progress against
a set of graded standards — also reflect this direction in educational research, by
emphasizing open-ended essay and summary writing tasks over traditional
multiple-choice questions.

A theoretical account of how summarizing information fosters deep
comprehension and learning is provided by the Kintsch (1998) and van Dijk &
Kintsch (1983) model of discourse comprehension. Namely, summarizing
contributes to the goal of constructing a solid foundation of factual and
conceptual knowledge because it serves to reinforce the memory representation
of the content beyond that achieved through rereading. Writing a summary
requires much more conscious thought, judgment and effort, whereas rereading
is generally a more passive activity. Ideally, the summary writer not only selects
the important ideas from the text, but also reconstructs the meaning in a more
succinct, generalized form (van Dijk & Kintsch, 1983). The payoff is in terms of a
better integrated, well connected memory representation that enables a learner to
do something more with the material than simply reproduce it: with multiple
links in the knowledge base, newly acquired knowledge becomes more
accessible when needed to solve a new problem, to support an argument, or to
share one’s understanding with colleagues or classmates (Mannes & Kintsch,
1987; Kintsch & Kintsch, 1997). Teachers have noted marked differences in depth
of understanding of topics that students have summarized as opposed to merely
read, as demonstrated by their more detailed and thoughtful contributions to
classroom discussions. Not surprisingly, this observation is reinforced by

empirical evidence showing better comprehension (e.g., Bean & Stenwyk, 1984;
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Casazza, 1992; Moore, 1995 ) and better retention by students of material that has
been summarized (e.g., Rinehart, Stahl, & Erickson, 1986; Ross & DiVesta, 1976;
Taylor, 1982; Taylor and Beach, 1984). Brown and Palincsar (1983; Palincsar &
Brown) have moreover shown that guided practice in summarizing text does
transfer to other classes and other subject domains.

As an assessment tool, a summary written in one’s own words is more
revealing of a student’s understanding than the commonly used end-of-chapter
guestions. For one, it is difficult to ask the right questions: multiple-choice
guestions mainly test recognition memory; the answers to factual queries can be
lifted right out of the text with minimal effort; inference questions are easily
misunderstood and often require background knowledge that students may not
have. Simply having students summarize a chapter is more likely to uncover
specific gaps in their understanding. It can help students formulate the right
guestions to ask, and can show teachers where more instruction is needed.

For these reasons summarizing plays a central role in a number of programs
seeking to train students in better comprehension and learning strategies (e.g.,
Baumann, 1984; Bean and Steenwyk, 1984; McNeil & Donant, 1982; Palinscar &
Brown, 1984; Rinehart, Stahl & Erikson, 1986; Uttero, 1988). Summarization
training and practice is especially beneficial to the comprehension and recall of
lower achieving students and those with learning disabilities (e.g., Gajria & Salvia,
1992; Jitendra, Cole, Hoppes, & Wilson, 1998; Malone & Mastropieri, 1992;
Palincsar & Brown, 1984; Reis & Leone, 1987; Weisberg & Balajthy, 1990), and is
one of the core strategies taught in the highly effective reciprocal teaching method
(Brown & Palincsar, 1989; Palincsar & Brown, 1984). According to Brown and

Palincsar, metacognitive strategies such as summarization and paraphrasing
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function as important self-testing mechanisms for assessing whether one is really
comprehending what one reads. Few tasks require coordinating comprehension
and writing activities to the degree that summarizing does (Tierney & Shanahan,
1991), as both depend on very similar sets of skills. Like writing, deep
comprehension relies on sorting out the importance relationships in a text, on
finding links between ideas and organizing them into a coherent textual or mental
representation of the meaning. Summarization tasks further a student’s writing
skills by providing practice in a situation that is more structured than open-ended,
creative writing, thus forming a bridge for students to learn how to write
informational texts of their own.

Summarization clearly has a great deal of potential for improving
students’ learning and writing. Hence, it is unfortunate that it is largely
neglected throughout children’s academic training. There may be several
reasons for this: for example, some teachers may feel uncertain about how to
instruct summarizing, what operations to focus on, how to model the process.
However, the major reason is no doubt that it is an overwhelming amount of
work for teachers to evaluate and provide individual feedback on successive
drafts of summaries, or on other kinds of extended writing tasks. The advantage
of a computer-based system such as Summary Street is that students can receive
the practice they need in summary writing and revising without increasing the
teacher’s work load. Guided by feedback on the content of their summaries,
students can do much of the preliminary revising on their own. The fact that the
automatic feedback is delivered almost instantly and can be summoned as often
as desired, engages students in a cycle of writing, evaluating feedback and

rewriting as long as they are motivated to improve.
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Of course, it takes more than getting the correct content to write a good
summary, but in general, formulating that content is a good starting point, given
that the ability to isolate the main ideas is a difficult problem for most young
learners, as is clearly revealed in their recall and summaries (e.g., Brown &
Smiley, 1977; Brown, Day, & Jones, 1983). Summary Street by no means would
replace a teacher’s input, which provides the kind of feedback that an automatic
system cannot supply: a critique of writing style, helping students resolve
problems with organization, misconceptions, and mechanics. But although a
computer tutor cannot mimic a human teacher, it can nevertheless greatly extend
the effectiveness of a teacher’s instruction. The following sections provide a
detailed look at how Summary Street works and describe how users interact with

the system.

LSA: The Basis for Summary Evaluation

Summary Street is a web-based system that provides an environment in
which students can prepare multiple drafts of a summary with feedback about
the adequacy of the content of what they have written. The feedback is generated
by Latent Semantic Analysis, or LSA, which is a machine learning method that
constructs semantic representations that in many ways mirror human semantics.
Informative introductions to LSA are available (Landauer & Dumais, 1997;
Landauer, Foltz & Laham, 1998; Landauer, 1998), and we can only briefly and
informally describe here how LSA works and what its strengths and limitations
are.

LSA represents the meaning of words, sentences and whole texts

mathematically, as vectors in a high-dimensional semantic space. The semantic
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space is created by analyzing the use of words in a very large set of written
documents. A huge matrix is formed of millions of words and thousands of
documents in which they occur. This matrix makes it possible to perform
calculations on meanings, for instance, to evaluate the semantic distance between
the meanings of two different words or texts. Texts with similar meanings are
located near to one another in the space, and likewise words that occur in similar
contexts are grouped together as semantically related (e.g., doctor and physician,
or run and running).

To construct the semantic space, LSA needs as input a large amount of
text (a corpus based on 11M words is used in Summary Street); it then reduces the
dimensionality of this corpus by standard mathematical methods to about 300
dimensions. The effect of this dimension reduction is that the idiosyncrasies and
irrelevant aspects (particular word use and grammatical variants) ) of the input
texts are de-emphasized while essential semantic relations are preserved. Once
LSA has constructed this semantic space, it is very easy to compute the semantic
distance between words, as well as between whole texts. The measure of
semantic distance that we use is the cosine, which can be interpreted as a kind of
correlation. Words (or texts) that are highly related have a high cosine (identity is
1; lamp and light have a cosine of .61); words that are unrelated have a cosine
close to 0 (e.g., lamp and bear have a cosine of .03). As applied to Summary Street,
this means we can readily compute the cosine between the summary a student
has written and the to-be-summarized text; if the cosine is below a certain
empirically determined threshold value, we tell the student that his or her

summary does not yet cover the content sufficiently well.
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LSA allows us to calculate with the meanings of words and texts without
relying on the presence or absence of special keywords or terms. This capability
makes it a powerful tool in a variety of applications. Most relevant in the present
context is LSA’s ability to grade essays as well as trained human graders (Foltz,
Gilliam, & Kendall, 2000; Landauer, Laham, & Foltz, 2000). Summary Street,
however, has a different purpose: rather than assigning grades to essays, it is
designed to help students write better essays. LSA is also of theoretical interest,
in that it can serve as the basis for a theory of how humans process meaning (e.g.,
Landauer, 1998; Kintsch, 2001). To help the reader understand what LSA can and
cannot achieve, we briefly discuss two common misconceptions, and two
important limitations of LSA:

= LSA is not a keyword method. LSA induces the meaning of words and
represents it in a semantic space. Meanings matter, not words per se. As an
illustration, consider the sentence The airplane rescued the hiker. A sentence that is
close in meaning (but by no means synonymous) is The climber was evacuated by
helicopter. The cosine in the LSA space between these to sentences is .43,
reflecting their semantic relatedness - in the absence of any word overlap. In
contrast, a sentence with word overlap but a rather different meaning, such as,
The hiker saw the bear, has a cosine of only .09 with the first sentence. This is an
important feature of LSA, for it allows an application such as Summary Street to
detect when students say more or less the same thing as the source text, but with
different words.

= LSA does not reflect the co-occurrence among words but rather their
semantic relatedness. LSA detects semantic relations even between two words

that never co-occur. It is enough if two words are used similarly in different
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contexts that LSA knows about for it to infer that they are semantically related.
As a simple illustration, consider the singular and plural of words, which in
actual texts are not highly correlated (if we talk about one object, we don’t
usually talk about many objects at the same time). LSA, however, infers that
singulars and plurals are closely related, because they fulfill similar functions in
different contexts. Thus, computer and computers have a cosine of .92 — they mean
almost the same thing. This is not always the case, however, for sometimes
singulars and plurals are used in distinct contexts: sun and suns have a cosine of
only .50, presumably because we talk about our sun in an everyday context and
suns in an astronomy context.

= LSA does not take into account syntax or word order. This precludes the
use of LSA in some cases, especially when we are concerned with very brief
texts. Word order and syntactic relations are crucial to understanding a sentence
such as Blood flows from the lungs to the left atrium and LSA will not be able to
distinguish this sentence from Blood flows from the left atrium to the lungs.
Nevertheless, LSA can score an essay on the functioning of the circulatory system
guite well, for writers who do not have a good understanding of the system use
different combinations of words in their essays than writers who understand it
correctly.

= LSA is not a reasoning system — it merely computes semantic similarity.
LSA does not model precise, logical thinking and it cannot be used where
analytic clarity is required. For instance, LSA cannot distinguish antonyms — the
cosine between up and down is .87; thus for LSA up and down mean more or less
the same thing. Which is of course true: the words are closely related and occur

in similar contexts, but they differ in one crucial respect. Whenever meaning
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evaluation depends exclusively on such a difference, LSA fails. This makes LSA a
poor choice for scoring word problems in mathematics or physics (for instance, it
cannot distinguish four divided by two from two divided by four). But LSA performs
guite well on evaluating an essay about the heart and circulatory system in spite
of this limitation. This is because LSA is highly sensitive to how people use
words, even though its analytic powers are limited. LSA cannot tell per se that
Blood flows from the lungs to the right ventricle is incorrect, but the writer who
makes such an error will betray himself through his inexpert choice of words in
the rest of his essay, and LSA will assign it a low score. LSA, when used
judiciously, can be a very powerful educational tool. Designers of educational
software as well as researchers who understand its power as well as its

limitations can make good use of it, for both practical and theoretical purposes.

Using Summary Street

Summary Street is the culmination of three years' research of the LSA Research
Group' in collaboration with two sixth-grade teachers, Cindy Matthews and Ronald
Lamb, at Platt Middle School in Boulder. The history of its development from an earlier
version, called State the Essence?, is described in E. Kintsch et al. (2000). The current
version was completely rewritten by Wade-Stein to address various technical problems as
well asto present the feedback in a graphic form that would be easier to grasp than the
verbally presented suggestions in Sate the Essence. The goals of Summary Street are the
same asin its earlier incarnation: (1) to provide students extended, guided practice in

expository writing and revision without adding to their teachers’ workload; (2) to
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integrate seamlessly into teachers' curricular plans and instruction; and (3) to make
students responsible for improving their own writing and revision skills.

The introductory page of Summary Street not only provides information on how
to navigate through the system, but also guidelines for writing a summary, together with
links to more elaborated explanations of summarization strategies and examples thereof.
These guidelines are based on cognitive research on the development of summarization
strategies (Brown & Day, 1983; Rinehart, Stahl & Erickson, 1986). Users may access this
information at any time, but for younger studentsit functions more effectively asa
framework for classroom instruction.®

To use Summary Street, studentsfirst log in, choose the topic they will be
summarizing, and request either a new text box or the last version of their summary
previously stored in the database. Students may compose or copy-paste a summary into
the text window (see Fig. 1). Students are instructed to first press the Spell Check button,
which automatically saves their writing. Misspelled words, which are not recognized by
LSA, areflagged so that students can correct them before proceeding. By pressing the
Feedback button on the same screen students can request feedback on the content of their
writing, which is displayed in the form shown in Figure 2. The students’ texts are sent for
analysis viaaweb connection to Knowledge Analysis Technologies, a company
organized to support software applications using the L SA methodol ogy
(http://www.knowl edge-technol ogies.com).

Figure 1 & Figure 2
A Java applet graphically displays the length of the summary and its upper and

lower length limits asavertical bar on the |eft side of the screen. The bar is greenif the
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length is appropriate or red otherwise. Content coverage for each section (i.e., major
subtopics) of the source text is represented by horizontal green bars that either surpass or
fall short of a vertical threshold line. In addition, Summary Street provides indicators of
changes in content coverage between the current and previous round of feedback in the
form of a dashed blue line bisecting each green bar. This allows studentsto see at a
glance whether or not progress has been made. Students can access sections of the source
text that are judged to be inadequately covered via hyperlinks provided by Summary
Street.

Figure 3 shows a summary that has satisfied the content criteria, but istoo long.
At this point two additional tools become available. The Redundancy Check (Fig. 4)
performs a sentence-by-sentence comparison to flag sentences that appear to have too
much overlapping content. The Relevance Check (Fig. 5) compares each sentence in the
summary to the source text to alert the user to sentences that have little or no relevance to
the topic (both off-the-wall sentences and those that describe some low-level detail).

Figures 3, 4,5

Finally, when students feel that they have improved their writing as much as they
can, a Format for Printing button (see Fig.1) provides a double-spaced version of their
text that can be used for proofreading and then shown to the teacher for evaluation.

The graphical display of feedback in Summary Street addresses severa problems
inherent in the earlier Sate the Essence system. First, because the actual number of words
in the summary is not displayed, students are less fixated on single word additions or
deletions to change the length of their summary. Second, the section feedback is finer-

grained, enabling students to quickly gauge the effect of their latest change. By
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discarding the overall point score used initially, we succeeded in focusing students
attention more on constructing the meaning of their texts, in order to balance content
coverage and appropriate length, rather than minor differences in their point scores. In
general, the graphic display of content feedback in Summary Street has been a marked
success. spurred by the game-like aspect of getting the green bars past the black line and
guided by the feedback that is sensitive to where a user isin the process, students

willingly engage in repeated cycles of rewriting and revision.

A Look inside Summary Street

In order to implement Summary Sireet, the source text isfirst divided into
sections, more or less equivalent in length, corresponding to its major subtopics. The
texts used in our work consist of four to seven topic sections, and authors' subheadings
were generally used to label each section. Next, an appropriate semantic space is chosen,
or created. Currently, this choice can only be determined by testing the results with
previously graded or trial summariesto see if appropriate cosines are returned.

Section coverage is determined by examining the cosine between the entire
summary and the text of each section of the source text and by then comparing the cosine
to athreshold for that section: if the threshold is met or exceeded, the section is
considered adequately covered. An automated method is used to compute the thresholds,
asfollows:

First, each section of a source text is divided into sentences. Next, the cosine
between each sentence and every other sentence in the section is computed. The sentence

with the highest average cosine to all the other sentences in the section is designated as
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the “typical sentence” for that section. After this process has been repeated for each
section of the text, the typical sentences are combined to form a“typical summary”,
which is used to generate the thresholds - the cosines between it and each section of the
text. The typical summary represents the minimal content needed to pass the content
criterion of all the sections. However, given the minimum length constraint assigned by
the teacher, students' summaries should be more elaborated, and in fact, often err in the
direction of too much length. The rather strict maximum length, on the other hand,
curtails the tendency of some students to compose summaries of sentences copied
directly from the text. Thus, students are guided towards using their own words, to avoid
writing summaries that are much too long. Although it appears to the user that the
threshold, represented by a vertical black line, isthe same for each section of the text, in
fact the cosines vary across sections. The green bars represent the percentage of the
threshold that has been covered by the student’s summary (i.e., the cosine between the
student’ s summary and the corresponding section of the text, divided by the threshold
value).

As previously described, once the student has covered the content adequately,
two other options become available: The Redundancy and Relevance Checks can be
used to help reduce the length of atoo-long summary or simply to improveit. Both are
useful for identifying possible problematic sentences that can be eliminated or rewritten.
The Redundancy Check, shown in Figure 4, opens up a new window and then computes
the cosine between each pair of sentencesin a student’s summary. Those sentence pairs
whose cosine exceeds a redundancy threshold are flagged with similar colors and

numbers. Note that changes to a summary can only be made in the text box.
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The redundancy threshold was defined to be two standard deviations above the
average sentence-to-sentence cosine in the source text. Accordingly, each text may have
its own redundancy threshold, but in practice one threshold has been used so far for all of
the texts. This threshold is adequate, but far from perfect, with the result that too many
sentence pairs are flagged as redundant. Some of the erroneous flagging is unavoidable,
as many pairs of words have high cosines with one another but are not redundant. For
example, antonyms, typically occur in very similar contexts and are thus closely related,
but are hardly redundant (e.g., the cosine for when you are good you go to heaven and
when you are bad you go to hell is .84).

The Relevance Check, displayed in Figure 5, operates on a sentence-by-sentence
basis, computing arelevance index and flagging (in red color) any sentence whose index
falls below the threshold. The relevance index consists of the sum of the maximum
cosine between the sentence and each of the sections of the text, together with the vector
length of the sentence. Both the cosine and the vector length are important to assess
relevance, because the cosine only measures the semantic relatedness of two documents,
while the vector length shows how much information the documents contain. Hence, in
extreme situations a passage of text may contain alot of information, but most of it is off
topic; or conversely, the writing may be closely related to the topic but conveys little
information.

The threshold for the Relevance Check currently used in the system was
determined in an ad hoc fashion by examining summaries from previous studies and
adjusting the threshold that flags the magjority of irrelevant sentences. The Redundancy

and the Relevance Checks are useful tools for dealing with problemsin summary writing,
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however neither of these checks returns completely optimal results. The disadvantage is
that a user may disagree about some of the flagged sentences: for example, repeating an
idea may be necessary to maintain coherence, or the writer may wish to keep a salient,
though detailed piece of information (e.g., that Mayan pyramids were composed of
narrow, steep stepsin the example of the Relevance Check shown in Fig. 6); or the
sentence may indeed be an important idea (e.g., the problems between present-day
Mayan villages and the government). However, the advantage of these toolsisthat users
must judge for themselves whether a flagged sentence belongs in the summary. In so
doing they must reconsider what they have written and often compare it to the source
text. If the user wishes to retain some or all of the information, he/she may seek briefer
ways to express it, perhaps through sentence combining or generalizations. For example,
it would be a good idea to combine the two sentences flagged as redundant in Figure 5
(about Mayan books) into a single sentence or to delete the second one entirely. Thus, the
sentence flags, even when inappropriate, can promote prolonged deliberation with the
meaning the user istrying to construct, more so than would happen with feedback that
tells the user exactly what to do. Indeed, this feature is a pedagogical strength of a system
such as Summary Street. Instead of having one's responses judged by an authority figure
(whether human or computer), as right or wrong, the student engages in a non-threatening
dialog with the computer, and is invited to challenge, even disagree with the advice

given.
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Summary Street in the Classroom
Method

In order to obtain formative evaluation with external validity, Summary Street was
incorporated into the curriculum of two team-taught sixth-grade classes at Platt Middle
School (Boulder, CO). The classes, taught by CM and RL, consisted of 60 students
altogether. The trial took place during a curricular unit on Sources of Energy. Students
chose two texts to summarize, one on a renewable and one on a nonrenewabl e energy
source. The texts were composed of four to seven sections and were about 1,900 words
long on average (range = 1,148 and 2,367 words). The purpose of summary writing in
this case was to gain sufficient background knowledge about a particular topic in order to
present the topic orally to other classmatesin a small group teaching format. The two
summaries were written on two successive weeks as homework. During a one-and-a-half-
hour session in the computer lab one class of 30 students revised their summaries using
the regular Summary Street program (feedback condition); the other 30 students used a
visually similar interface that provided only information about spelling errors and the
vertical length indicator but no content feedback (no-feedback condition). Each student
wrote one summary with feedback and one without, with the order counterbalanced. The
computer kept track of the amount of time each student spent working on a summary in
both the feedback and the no-feedback condition.

The students’ summaries were graded by their teachers, who were blind to the
experimental condition in which they were written. First, they provided a score for each
section of the summary, taking only the content adequacy into consideration, using a 3-

point scale (0 = no information about this section topic, 1 = some information but not
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enough, 3 = adequate section coverage). Next, the teachers provided a holistic score of
the quality of the summary, evaluating other factors in addition to the content alone (e.g.,
style, coherence, organization, and mechanics). This scale consisted of 5 - O points,
corresponding to the conventionally used A — F grades.
Results

Time on Task

Figure 6 confirms our informal observations during the trial: students who
received full content feedback from Summary Street spent more than twice aslong
working on their summaries as students who received no content feedback (M =72 vs. 33
minutes, t,, = 5.88, p < .0001)*. In general, when only minimal (length and spelling)
feedback was provided (no feedback condition), students were not motivated to continue
revising and tended to work only until their summaries were of the appropriate length. In
contrast, getting the green section bars to pass the threshold line proved to be an
important motivator for students to keep revising until the content of all sectionswas
adequately covered.

Figure 6

Content and Quality Scores

This extratime on task resulted in improved content scores for studentsin the
feedback condition compared to those receiving no feedback. The results of t-tests are
shown in Figure 7. Summaries composed with full Summary Street feedback received
significantly higher content scores than those for which only feedback on length and
spelling was provided, (M = 1.29vs. 2.02, t,s = 3.91, p = .003).

Figure 7
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The overall quality scores likewise showed a small but significant difference
between the feedback and no-feedback conditions (M = 3.19 vs. 2.87, t,,= 2.16, p =
.036). A repeated-measures ANCOV A was performed on the quality and content
difference scores in the two conditions to determine whether the quality difference was
distinct from the content difference. After controlling for content, the quality difference
between feedback and no-feedback conditions was no longer significant (t,,= 0.36, p =
.72). Thisresult reflects the difficulty teachers had in trying to consider content
separately from other quality characteristics as they graded the summaries. Problems with
coherence, organization and sentence structure are generally symptomatic of awriter's
inadequate grasp of the material, of "fuzzy thinking", whereas well articulated ideas
reflect good comprehension .

Interaction of Text Difficulty and Content Feedback

Receiving feedback on the content of a summary apparently does help students
write better summaries. But isit uniformly helpful for al the texts they summarized? To
address this question we used two analyses that examined the interaction of feedback and
text difficulty. The first analysis examined the improvement in teachers' content scores
that resulted from receiving feedback (feedback scores minus no-feedback scores), we
call this difference score the feedback effect. To calculate text difficulty we used students
scores in the condition with no content feedback. In Figure 8 the feedback effect is
plotted against this measure of text difficulty. Asseen in Figure 8, thereisasignificant
negative correlation (r = -0.83, p = .003) between the difficulty of the text and the
feedback effect - the improvement shown when content feedback was provided. Thus, for

easy topics (summaries that received higher grades without feedback), Summary Street
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feedback did not improve the summary content. In contrast, there was a substantial
feedback effect for difficult topics, with moderate improvement for topics between the
two extremes.

Figure 8

Thisresult is not limited to the texts on energy sources used in thistrial. Two
earlier trials of Summary Street in the classroom yielded quite similar patterns of results.
Both trials took place with sixth-grade students working on different curricular topics:
Ancient Civilizations (Maya, Aztec & Inca), and the Human Circulatory System (Heart &
Lungs). In both studies, using Summary Street resulted in a significant advantage when
students summarized the more difficult texts. However, there were no differencesin their
summaries of the easier texts regardless of whether the students received feedback or not.
We can thus conclude with some confidence that the kind of support that Summary Street
provides is most effective when students are faced with a challenging text.

For the second analysis, LSA cosines in the no-feedback condition were used
instead of teachers gradesto provide a measure of text difficulty. The correlation is
highly significant (r =-.748, p = .013), and the pattern is similar to that found in the
previous analysis of content scores provided by the teachers: the effectiveness of
feedback on revising increases as afunction of the difficulty of the text. Moreover, the
similar trend exhibited in both analyses, and the fact that the correlation between content
grades and cosines was high (r = 0.70), p = .02) supports our conclusion that teacher
judgments of the content adequacy of students' summaries and the average no-feedback
cosine work equally well as measures of text difficulty. Thus, either measure may be

helpful for determining which texts are appropriate for the students.



Summary Street 23

Individual Differences

If content feedback is more beneficial when summarizing a difficult text, might its
effectiveness also vary acrossindividual learners? To pursue this question we asked
teachersto classify their students according to their verbal ability on ascale of 1 — 3 (low,
average, or high). The pattern shown in Figure 9 suggests that the feedback was most
useful for learners of moderate ability: high ability students probably did not need the
support to write competent summaries, while students with low verbal ability may have
found the task of summarizing rather difficult textstoo challenging. A repeated measures
ANCOVA on these results failed to reach significance (F, 3; = 1.99, p = .15), however, it
isaquestion that should be pursued in future research.

Figure9

Discussion and Conclusions

The results of classroom trials with Summary Street seem quite encouraging and
suggest that the tool could be beneficial to a broader population of learners than the sixth
graders who participated in these trials. The simple graphic display of the content
feedback is easy to grasp and motivates students to work longer on their summaries than
would otherwise be the case. The extratime spent on the task resulted in better
summaries, according to the teachers’ judgment of their content and their overall quality.
And asin studies of LSA essay grading (Foltz, Gilliam & Kendall, 2000; Landauer,
Laham, & Foltz, 2000), LSA cosinesin this study correlated well with teachers grades of

content adequacy for summaries written in the no-feedback condition.
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The results also suggest answers to two of the questions posed at the beginning of
this paper: when is Summary Street effective and for whom? The classroom trial clearly
demonstrated that the usefulness of the feedback istied to the difficulty of the text. This
result supports the findings of earlier trials with Summary Street (E. Kintsch et a., 2000),
showing that for easy topics students can write an adequate summary without the support
from Summary Street. The feedback is most effective when atext presents a challenge,
but a challenge for whom?

Although differences among lower and higher verbal ability students were not
reliable in this experiment, the patterns seen in Figure 8 and Figure 9 suggest an
interaction between text difficulty and learner ability. That is, the kind of feedback
provided by Summary Street may be most beneficial when atext is moderately
challenging for a particular learner. Asin many situations, learners may become overly
frustrated with atext or task that istoo far beyond their current level of knowledge and
ability and learn little; on the other hand, the support from Summary Street is not needed
for atext that learners can easily summarize on their own. However, we believe that the
needs of many different learners can be met by manipulating the difficulty of the
instructional texts to the appropriate level of learner ability (cf. also McNamara, Kintsch,
Kintsch & Songer, 1996; and Wolfe et al., 1998). The real value of atool like Summary
Street may be that it supplies the kind of guidance students need to work successfully
with more challenging materials, texts that are somewhat beyond their current level of
comfort. Summary Street may also be helpful in diagnosing what that level isfor a

particular student.
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We should note that several students with mild learning disabilities participated in
the experimental session. Although they did not succeed in completing the task of
covering all the topics in the text, they neverthel ess continued working with full
engagement throughout the hour-and a-half-long session and greatly improved their
original summaries. These observations further support our hope that Summary Street
may benefit a broad range of students.

An issue that should be considered in more detail is what aspects of the sixth
graders summaries were improved by Summary Street feedback, and what kinds of
writing problems are not addressed. Primarily, the feedback focuses attention on getting
the right information from the source text and on stating it more briefly. Trying to
balance the conflicting demands of content adequacy and conciseness is adifficult task
for these students, who have little experience to draw on. These sixth graders are just
beginning to deal with more difficult reading on unfamiliar topics, texts that cannot be
understood well by depending on passive, fairly automatic processing. Instead, higher
order, quasi-problem-solving strategies, such as summarizing, are required to
comprehend and learn from such materials. Most of the students in the present study
appeared to write summaries characteristic of copy-delete writing, described by Brown
and her colleagues as the earliest strategy in the developmental trgjectory (e.g., Brown,
Bransford, Campione & Ferrara, 1983; Brown & Day, 1983). A significant problem for
novice writersisto identify the main ideas (e.g., Winograd, 1984), and thisis where
Summary Street feedback is especialy helpful. In addition, it also teaches them to avoid
excessive repetition, low-level details and totally off-topic statements. Although it takes

more than proper content selection to write a good summary, we agree with the teachers
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of these sixth-grade classes, that thisis as a good starting point not only for summarizing
but for learning novel content in general. Moreover, Summary Street feedback does not
label particular sentences as right or wrong, but requires the user’ s judgment and
reflectivity: the redundancy and relevance checks merely make suggestions about
potential problem sentences. In some cases the user may want to delete a sentence or find
amore concise way to express the meaning; but some of the suggestions are not
appropriate, to the delight of students who love it when they can show that the computer
"iswrong".
Future Directions

Summary Street does not include a plagiarism check at this point, although it
would be easy enough to implement one. Instead, together with the teachers, we decided
to use afairly strict length constraint to encourage students to write in their own words.
Students soon learn that they cannot cover al the text topics by smply lifting alot of
sentences directly from the text. Thisinsight, we believe, serves to make them more
aware of the need for better summarization strategies, techniques like combining ideas
into a single sentence and ultimately generalizing across a host of details. Summary Street
offers guidelines on how to write a summary on its home page, but the task of instructing
higher order comprehension and summarization strategies is taught more effectively by
teachers through direct instruction, modeling and discussion of specific problems.
Although students can use Summary Street on their own, it will work best if grounded in
classroom instruction and used to supplement and enhance the teacher's curricular goals:
it's primary purpose is to give students more practice, with guidance, in attentive, active

reading and extended writing.
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It should be noted that L SA does not directly assess whether statementsin a
student’ s summary are correct or incorrect. However, as noted earlier, writers who make
false statements tend to betray their lack of knowledge by their choice of words —
something LSA is quite sensitive to. Thus, factual errors are usually indicated by low
cosines on the essay as awhole. A 200-word summary or essay is generally sufficient to
reveal the writer’ s knowledge or lack thereof.

Many aspects of good writing, such as organization, coherence, voice and style
are also not addressed by the system, likewise problems with sentence structure, spelling
advice, punctuation, and the like. Some of these features may be desirable and entirely
feasible additions to the system, according to our post-tria interviews with teachers and
students (especially, spelling and grammar advice). Organization and coherence problems
are often resolved when one has fully comprehended what one is writing about, yet L SA-
based feedback may be helpful here aswell. In general, we believe that the role of the
tutor is to provide users with guidance that will enable them to use their own intelligence.
Once students have done all the revising they can, the teacher's comments remain as
Important as always.

In improving the system, we shall continue to avoid providing students with
correct answers. Summary Street occupies an intermediate position along the continuum
from fully intelligent tutoring systems to completely non-intelligent, skill-and-drill tutors,
though certainly both types of tutors can assist learning in important ways. Unlike
intelligent tutors, Summary Street does not rely on models of student understanding to
guide performance. And our goal is quite different as well: rather than trying to keep the

learner on an error-free learning path, Summary Street aims to provide just enough



Summary Street 28

guidance to help learners debug and revise problems with their comprehension and
writing on their own. On the other hand, the intelligence in Summary Street - its ability to
evaluate meaning - placesit far beyond the capability of game-like tutors for practicing
isolated math or reading skills.

Support for practicing summary writing is only one of several potential usesfor
Summary Street. Indeed, teachers should be encouraged to adapt the technology to fit
their own goals. For example, instead of having students hand in a finished summary,
teachers may use the cosine scores for subtopics of atext to assess how well students are
comprehending new material, and to pinpoint the gaps in their understanding where more
explanation is needed. Of course students may also use the system to assess their own
understanding, as an alternative to the often misleading end-of-chapter “ comprehension
questions’. Instead of summarizing a single text, teachers may ask students to summarize
selectively across two or more texts on a particular topic or to compare and contrast
conflicting viewpoints on an issue (e.g., Wolfe & Goldman, in prep; Wolfe, M. B.,
Goldman, S. R., Mayfield, C., Meyerson, P. M., & Bloome, D. M., 2000). Summary
Street or a comparable system need not be limited to the task of writing a summary.
Potentially it can be extended to evaluate short or longer essays written by students of
any age, as, for example, in The Intelligent Essay Grader (Foltz, Gilliam, & Kendall,
2000; Landauer, Laham, & Foltz, 2000). Going beyond individual classrooms, Summary
Street could be used more broadly to assess literacy skills at a school or even district-
wide level. In sum, we regard Summary Street not as a single successful application of
LSA, but rather as general purpose educational tool which will be useful in awide variety

of tutoring and self-assessment applications.
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Footnotes

"Members of the LSA Research Group are: W. Kintsch, T. Landauer, R. A. de Paula, E.
Kintsch, D. Laham, M. E. Schreiner, G. Stahl, & D. Wade-Stein.

*State the Essence was written and maintained by G. Stahl, R. A. de Paula, D. Laham, M.
Jones, M. Schreiner, & D. Wade-Stein.

3Users may try out the system by accessing the project's homepage at http://colit.org and
choosing the "Demonstrations” link or by logging on as "Guest". The website also
provides a set of texts and sample summaries.

“The degrees of freedom here reflect missing data for several students.
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Figure Captions

Summary Street textbox window showing a saved summary about the Maya
and the various option buttons.

Feedback window showing length and section coverage feedback.
Summary street textbox window showing revised Maya summary.

Window showing successful content coverage feedback.

Window showing feedback from Redundancy Check.

Window showing feedback from Relevance Check.

Mean time on task by condition.

Mean content score by condition.

Feedback effect (improvement in content score for students receiving
feedback) vs. text difficulty (average content score of students summarizing
this topic without feedback); r = -0.83, p = .003. The negative effect in the
case of one topic was not significant.

Effect of Summary Street feedback as afunction of students' verbal ability.
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- Your Summary

mmmﬂrrg street

Your name: Guest
Text you are summarizing: Maya

Y our summary should be 200 to 300 words long.

Congratulations, I could not find any misspelled words!

The Maya civilization was really cool! The ancient Maya lived primarily in Central America from
300 to 900 AD. They lived in the jungles so it took a long time to find their ruins. Around 800 AD the
Maya abandoned their cities and returned to simpler lives. Archeologists are not sure why. Maybe
they fought too many wars with the Toltecs.

The Maya invented a system of pictures and symbols, called hieroglyphs. They recorded their
history on stone slabs, called stelae. They also wrote books on paper with folded pages, like our
books. But their books were made from the bark of fig trees that they folded together. Only the rulers
and specially trained scribes could read and write them.

The Maya made many contributions to math and science. Their calendar is a more accurate
calendar than the one we use today. The Mayan number system was based on the number 20. It
used a placeholder for zero. Their zero looked like a football. They wrote their numbers vertically
rather than horizontally.

The Maya believed in many gods. They believed if the gods were happy they would protect them
from disease and drought and natural disasters. To keep the gods happy they made a daily sacrifice
of blood. Everybody in the community donated blood. They dripped blood from a cut onto a paper
and burned it. They also worshipped their ancestors like gods and buried the dead with food and
clothing to take them to another life. The Maya built temples on top of stone pyramids with many
steps. The steps were really steep and narrow.

The ancient Maya were good farmers who dug canals to water their crops and terraces to keep
them from washing away. Corn, called maize, was their most important crop. The Maya were . . ..

[Sa\re changes /check my spelling]

[Feedback on my summar\r] [ Format for Printing]

Close
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OEOED) () How Well Did You Cover Each Section?

STy

History

Maya Writings, Math and Science

2 i _

Maya People

Guest, these bars show how well your summary covered the sections of the text you read. If the bar passes
the black line, then you've written enough information about that section. When your summary contains \
enough information about every section, you can advance to the next level and will receive more advice on

how to improve your summary.

The blue dashed lines show how much information your previous summary contained, so you can sce if
you are improving or not.
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Yo mame: Crest
Text you am summrsnizing: Mava
¥ our summary shauld ke 2040 ba 300 words long.
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Guest, these bars show how well vour summmary covered the sections of the texi vou read. I the

bar passes the black line, then you've writien enough mformsation aboat that section. When your
summary contains enough information abouwl every seciion, you can advance to the next level
and will receive more advice on how [0 Improve your summary,

The hlue dashed lines show how muech information your previees sommary contained, so vou
can see if you are improving or not.
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FEPER Redundancy Check -

e

Guest, your summary is shown below. Redundant sentences (sentences that I thought have too much overlap with
other sentences) are marked in red, green, blue, purple, or orange. [ have also numbered the redundant sentences to
make it easier to see the sentences that I thought overlapped with one another.

If you agree that the sentences that I have marked are redundant, try to combine the information from those sentences
into a single sentence, or get rid of one of them if you feel the information is contained in the other sentence.

The Maya civilization was really cool! The ancient Maya lived primarily in Central America
from 300 to 908 AD. They lived in the jungles so it took a leng time to find their ruins.
Around 900 AD the Maya seemed to have abandoned their cities and returned to simpler
lives. Archeologists are not sure why, but maybe things like drought, disease,
overpopulation and crop failures, or wars with the Toltecs caused the collapse of the
Mayan empire.

The Maya invented a system of pictures and symbols, called hieroglyphs. They recorded
their history on stone slabs, colled stelae. #1 They also wrote books on paper with folded
pages, like our books. #1 But their books were made from the bark of fig trees that they
folded together. Only the rulers and specially trained scribes could read and write them.
The Maya made many contributions to math and science. Their calendar is a more accurate
calendar than the one we use today. The Mayan number system was based on the number 20. #Z
It used a placeholder for zero. #2 Their zero looked like a football. They wrote their
numbers vertically rather than horizontally.

The Maya believed in many gods. They believed if the gods were happy they would protect
them from disease and drought and natural disasters. To keep the gods happy they made a
daily sacrifice of blood. Everybody in the community donated blood. They dripped blood
from a cut onto a paper and burned it. They also worshipped their ancestors like gods and
buried the dead with food and clothing to taoke them to another life. The Maya built
temples on top of stone pyromids with many steps. The steps were really steep and narrow.
The ancient Maya were good farmers who dug canals to water their crops and terraces to
keep them from washing away. Corn, called maize, was their most important crop. The Maya
were also weavers. And they liked to play ball games, just like us.

Today some Maya still live in Central America. Sometimes they have trouble with the
government.

Internet zone P




Summary Street

42

FET AT Redevance Check

Ll

Ciueal, wour supmmary w2 sheen Bellow, Ieelovanl senbeneos et S [ unk don't sy eouch show the lops: ) e
marked i red

I ywa wgren thal U setencas kat | bave mmarked are srekevaet. cthor dedote em or combme e miormation fram Exse
smicTw s T T SN Us i i suETTmary.

"h:ll:t 5|1r:|||n!; CETOrS Gl Calse e W |hlt |hu| ;«u-nd SMEECES dre orekevan El-e:aure ] tlm:L VAIUF 5p|:||l:g'

The HWaya '1'.'1.|.12E|:1.I:II'| [h 1 "cu'l.l'-.l n:-u'll 'l'hn ancient Illug.lu l1l.n|d ﬂl"l.rl-l:ll""l.l!.l iR Elﬂtrul
Americo Froe 398 Lo 309 4D, They Lived Ln the Jjungles so it took a long tise to Tind their
ruins. fround 988 AD the Hayo seemed to howe obendoned their cities and retumed to
ctepler Lives. drchoplogists ara mol sure shy, but saybe thimgs like drousght, diseaze,
eyerpapulation ord crop follures, or wars sith the Toloecs cpused the collopss of the
Mayor gl ro .

The Hayo inverted o syitemn of pictures and syebols, colled hiercglyphs, They recorded
their histary an stome slobs, called steloe. They olso mrote books on poper with faolded
pages, 1lke cwr oks. Bubt thelr books sore made froe the bork of f1g trees that they
folded together. Only the rulers ord speciclly troimed scribes oould resd ond write thes,
The HWaya made mary conbributions to sath ord sclence. Their calerdor 15 @ sore gofurate
galerdor thon the one me e todoy. The Mowen ramber systes wos bosed on the mosber 20, It
uted a placebolder for zere. Their zero locked like a Feotball. They mrote their rusbers
wareloolly rather thos horl Zopdally.

The Mayo belizved in many gods. Theyw believed if the gods were happy they would protect
then Feas dizease and drowght ond ratueal dsasters. To keep the gods hoppy they made a
daily soorifioe of bleod, Eversbocy in the commanity dorated blood. They dripped bloosd
From a cul opba o poper ard burmod LE. Thay alse worshipped bhele ancestors Llke gads and
buried the dead with food and clothing to take them to another life. The Hoya butilt
teaples of top of Store pyrovids wikbh many steps, The staps mere reglly steep and norroe,
The ancient Mayo sere good formers who dug conals bo woter their crops ord terroces to
keep them from woshing owey. Corn, colled meize, wes their most impertont crop, The Mayn
®are gls0 weeers, And they 1iked Lo play Ball gases, Just LLEe ws,

Todoy some Moya still live in Central Americo. Sosetises they howe trouble with the
ayerment
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