Grounding Collaborative Knowledge Building
in Semantics-Based Critiquing

Anders |. Mgrch?, William K. Cheung?, Kelvin C. Wong?, Jiming Liu?,
Cynthia Lee3, Mason H. Lam? and Janti P. Tang?

! InterMedia, University of Oslo, Norway
anders.morch@intermedia.uio.no
2 Department of Computer Science, Hong Kong Baptist University, Hong Kong
{willliam, kcwong, jiming, mason, janti}@comp.hkbu.edu.hk
3 Language Centre, Hong Kong Baptist University, Hong Kong
cfklee@hkbu.edu.hk

Abstract. In this paper we investigate the use of Latent Semantic Analysis
(LSA), Critiquing Systems, and Knowledge Building to support computer-
based teaching of English composition. We have built and tested an English
Composition Critiquing System that make use of LSA to analyze student essays
and compute feedback by comparing their essays with teacher’s model essays.
LSA values are input to a critiquing component to provide a user interface for
the students. A software agent can also use the critic feedback to coordinate a
collaborative knowledge building session with multiple users (students and
teachers). Shared feedback provides seed questions that can trigger discussion
and extended reflection about the next phase of writing. We present the first
version of a prototype we have built, and report the results from an informal
experiment. We end the paper by describing our plans for future work.

1 Introduction

English is the preferred second language for many people and learning it occurs in
many ways. For example, young people are quite apt in learning spoken English
phrases when watching TV, browsing the Internet and communicating with peers on
mobile phones (e.g. SMS). However, previous studies have shown these influences
may have negative effect on vocabulary development [19, 27]. As a consequence,
students’ reading and writing skills do not keep pace with listening and speaking.
Furthermore, English composition is primarily taught in the classroom and practiced
in homework assignments, supported by qualified teachers and parents. These are
important but scarce resources, creating an imbalance of textual and oral language
exposure. We address this dilemma by augmenting classroom-based composition
training integrated with computer support.

The paper is organized as follows. We start by characterizing English composition
as a design activity and identify the components of a computer-based design envi-
ronment to support it. Next, we explain how latent semantic analysis (LSA) can be
used to provide feedback on student compositions within this context, and how we



have incorporated LSA as part of system architecture. We show a prototype of a
critiquing system we have built, discuss our efforts in integrating it with a knowl-
edge-building environment (FLE) and report the preliminary findings by comparing
LSA with manual teacher feedback on a set of essays.

2 Related Work

Essay writing can be viewed as a design activity, producing a textual artifact - a
document. A document consists of words and sentences. It has structuring (abstrac-
tion) and content production (composition) elements [28]. These are key aspects of
any design process. Structuring defines the organization of the document in terms of
sentences, paragraphs and sections (i.e. levels of abstraction); whereas content pro-
duction is about finding words and phrases, and sequencing them into readable sen-
tences, which again become part of paragraphs, and so on. A well-composed essay
will communicate certain ideas, topics or themes about some area of shared concern.
Intermediate level abstractions, such as paragraphs and sections, serve as placehold-
ers for complex ideas extended over multiple paragraphs, so that the writers and read-
ers can focus on one idea at a time while suppressing unimportant details.

Creative design is said to consist of two sub-activities, action and reflection, sup-
porting composition and abstraction, respectively. Action means to create an artifact
by selecting and combining building blocks into functional arrangements and reflec-
tion means to evaluate the artifact from multiple viewpoints [16]. When this occurs
without external disruption other than situation-specific feedback, it is referred to as
reflection-in-action [23]. In a good process of design, the designer will rapidly cycle
between action and reflection until the design is completed. During this process, the
“back talk” of the situation signals to the designer when there is a need to switch to
the other mode. This is communicated by e.g. an incomplete drawing, inconsistency
in arrangement of parts, a need for restructuring the task, etc.

2.1 Design Critiquing

Computational support for reflection-in-action is provided with the critiquing ap-
proach [7, 18, 21]. Critiquing is defined as “presentation of a reasoned opinion about
a product or action” created by a user with a computer [7]. A Critiquing System inte-
grates computational support for design-as-action and design-as-reflection and opera-
tionalizes Schén’s notion of “back talk” with computational critics [7, 20]. Critics
make the situation talk back so that non-expert designers can understand it, giving
them task-specific feedback about the artifact-under-construction. Examples of cri-
tiquing systems are Janus [16], ArgoUML [20], and The Java Critiquer [18]. These
systems were developed for the domains of kitchen design, UML (Unified Modeling
Language) and Java programming, respectively. For example Janus allows designers
to model kitchen designs at different levels of abstraction (from appliances to work
centers), ArgoUML knows about the elements and relations of UML and can tell the
designer when a software architecture diagram violates the rules of UML [21]. Simi-



larly, the Java Critiquer identifies statements in a program code that can be improved
by readability and best practice [18]. These critics provide feedback on partially com-
pleted software artifacts, pointing out inconsistency and incompleteness in the design.

We believe the critiquing approach can be useful for computer-supported English
composition for the following two reasons. First, writing can be modeled as a design
activity [28], and second, critic feedback can supplement teacher feedback on student
essays in certain situations (after school hours, in distributed environments). In this
context we propose to integrate collaborative knowledge building and LSA with
critiquing in the following way: knowledge building to support collaborative reflec-
tion and LSA to compute the critic feedback. This is different from past work on
critiquing systems and educational applications of LSA. The previous work on LSA
has focused on individual learning by integrating it with Intelligent Tutoring Systems
[24]. A goal for us is to provide computer support for both action and reflection, and
individual and collaborative learning.

2.2 Collaborative Knowledge Building

Knowledge building [22] requires that new knowledge is not simply assimilated with
the help of a more knowledgeable person or mediated by a computer system, but also
jointly constructed through solving problems with peers by a process of building
shared understanding. This type of teaching and learning takes its inspiration from
pedagogical models such as problem-based learning and case-based instruction.
These are models for teaching that require students to explore open-ended problems
and generalize from exemplary cases. The basic idea of knowledge building is that
students gain a deeper understanding of a knowledge domain through engaging in a
research-like process by generating or responding to problems or questions, propos-
ing tentative answers (personal explanations) and searching for deepening knowledge
collaboratively.

Knowledge building and its subsequent refinement, Progressive Inquiry [8] are
well suited to be supported by Internet technologies such as web-based discussion
forums and have received considerable attention in the Computer Supported Collabo-
rative Learning (CSCL) community. A reason for this is that the regularity of knowl-
edge building, which is modeled after scientific discourse, provides students with a
well-defined scaffolding structure built into the online learning environments.
Knowledge building environments are pedagogically designed discussion forums and
include CSILE [22], Knowledge Forum, and Future Learning Environment (FLE)
[10]. They are used in schools in Canada, Hong Kong and Scandinavia, as well as
elsewhere in the world.

The reason for our wish to integrate collaborative knowledge building with a cri-
tiquing system is twofold. First, critiquing systems do not provide full support of
design-as-reflection because they address primarily individual designers’ needs, in-
spired by Schon’s notion of reflective practice [23]. Knowledge building, on the other
hand, can add a multi-user dimension by supporting “collaborative reflection,” even
though knowledge building was not originally conceived as such. Collaborative re-
flection occurs during “talk with peers” [e.g. 15] in meaningful contexts, i.e. jointly



addressing problems or questions shared by a community of stakeholders in which
shared understanding can emerge [2]. Knowledge building thus becomes an important
part of the integrated collaborative learning and problem-solving environment.

Second, one of the authors has previously participated in a study to evaluate a
knowledge-building environment (FLE) to support problem-based teaching of natural
science in two high school classes in Norway [14, 17]. One of the results of this study
was that students found knowledge building difficult. In particular they did not prop-
erly understand how to use the message categories to post messages in the forum.
This was manifest in that interaction over time became less knowledge-building in-
tense and more task-specific (localized), revolving around the respective schools’
local situations, thus grounding the interaction. In the current project we address the
grounding problem [2, 3, 4] computationally by integrating a knowledge-building
environment with an LSA-based critiquing system.

2.3 Latent Semantic Analysis

Latent Semantic Analysis (LSA) is a mathematical technique for computing the se-
mantic similarity between words and text segments with the help of a large corpus.
The corpus can be a set of related documents. It can also be one document broken
down into smaller text segments such as paragraphs or even sentences, as in our case.
The input to LSA is the set of text segments, which may need processing by the com-
puter in various ways.

LSA computes the similarity of two input texts (student and teacher) as follows.
First, both input texts are segmented to form the corpus. Then, the word-segment
association matrix D is constructed. In the matrix D, each row stands for a unique
word and each column stands for a text segment. Each cell entry can be the frequency
of a given word in a given text segment. As an example, consider the segment “The
2004 IEEE International Conference on Electronic Technology, Electronic Com-
merce and Electronic Service.” If the j" column corresponds to the aforementioned
segment and the i" row corresponds to the word “Electronic”, then the value in Djj
would be 3 as “Electronic” occurs three times in the segment. As weighting the words
based on their individual importance is known to be effective in obtaining better
matching results, we use entropy values instead of computing Dj; given as
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where  N: number of text segments in the stored corpus
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Once the matrix D is computed, it is decomposed using Singular Value Decompo-
sition (SVD) [25]. The matrix D is expressed as a unique product of three matrices: D



= PAQ’ such that P and Q have orthonormal columns and A contains the singular
values on the diagonal. By comparing the diagonal elements of A, we only need to
keep those elements with large values and can set the others to zero, with the effect
that the dimension of A4 will be reduced. This is equivalent to removing the corre-
sponding columns from P and rows from Q. The new P and Q then define the revised
“semantic space.” Words that have appeared in similar segments, and segments with
similar semantic content, will be positioned near one another [24]. Words that do not
co-occur (e.g. bicycle and bike), but occur in similar contexts will also be grouped
together.

After the semantic space has been computed the new D can be “reconstructed”
based on the new P and Q. The similarity between two text segments can then be
computed by calculating the geometric cosine between their corresponding vectors in
D, given as
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Remark. In order to allow the latest submitted essays to be compared with the cor-
pus in the derived semantic space; one can project them by the SVD results. These
are referred to as pseudo documents [5]. This has the advantage that we only need to
compute the SVD once instead of per submission. Additional technical details on
LSA can be found in [9].

3 Components of a Learning Environment for Essay Writing

We have incorporated LSA together with critiquing and knowledge building to form
an integrated learning environment for English Essay Writing. The LSA-based cri-
tiquing component of this environment allows us to compare student and model es-
says and provide critic feedback to the students when they submit their work in pro-
gress, whereas the knowledge building component provides support for collabora-
tively resolving critic feedback that is not well understood by the students on their
own, grounding it in a social context. The overview of this environment is shown in
Figure 1 and the workings of its components are explained below.

The teacher first decides on the topic to be taught and writes and/or collects a set
of samples articles and essays that represent the domain in some detail. These sam-
ples are then input into the system so that the LSA analyzer can build a semantic
space for the domain. Student model essays, suggested answers by teachers, as well



as articles from external sources (which could be anything from on-line newspapers
to scanned essays of textbooks) constitute this set.
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Fig. 1. English composition integrated learning environment system architecture

The students write their essays using the English Composition Critiquing System
(see below). When they require assistance they can request automated feedback (cri-
tique), which points out missing items in their text (compared with the corpus sam-
ples). Before the text can be input into LSA all the articles are broken down into
sentences and preprocessed by techniques such as stop-word removal and stemming,
as described above. The Analyzer then computes the word-segment association ma-
trix. Singular Value Decomposition [25] is performed on the matrix and the semantic
similarity between all possible sentence pairs, one from the student and the other from
the model samples, is computed. This allows the system to identify the sentences in
the model essays that contain themes that are missing in the students’ submissions.

The final steps are semantic matching and summarization. The identified sentences
containing the missing themes can be summarized as a trunk of keywords or short
phrases preset by the teacher or automatically by the system, using computational text
summarization techniques. This will result in a summary that is reported as critic
feedback in the user interface. In the prototype we describe below, we have modeled
our critics’ feedback based on the phrasing and organization of Hong Kong English
teachers’ marking schemes. When the critique is presented as feedback immediately
after the students have completed a part of their essay, it will allow them to revise
their essays in a meaningful context.

The roles of teachers and students could be much more active than merely provid-
ing model samples and improving essays based on the predefined critic feedback.
Teachers can monitor how well the different themes are handled by the students.
They may provide more insight into how individual students incorporate missing
themes, and participate as facilitators of student collaboration sessions to provide
feedback when the students run out of ideas [11]. Their participation serves the pur-
pose of supportive interaction through which an expert assists a group of learner to
develop a higher level of understanding [e.g. 15] and pushes the learner’s zone of
proximal development [26]. A recent large-scale language learning survey has con-



firmed the observation that most students in East Asian and European countries have
a positive attitude towards cooperating in groups in order to achieve common goals,
and they would like to see themselves as active participants in the classroom learning
process [12].

The LSA-based critiquing and knowledge building environment marks the con-
tours of a “double-loop” learning process (see Figure 1), alternating between inner
(individual human-computer) and outer (human-computer-human collaboration)
phases. The process can be repeated several times before the students submit their
final essay for grading or commenting on by the teacher. In a good process of writing,
we anticipate this learning environment will support reflection-in-action at two levels:
1) individual (inner loop) activity when students switch between essay composition
and modification by responding to well understood automated critique and 2) collabo-
rative (inner + outer loop) activity by entering a collaborative mode of interaction
through responding to critique that is not well understood or where the understanding
can be broadened or made more interesting for the students by sharing their ideas
with others. Whether or not our computational environment can provide adequate
scaffolding for reflection-in-action in English essay writing at these two levels is
currently a hypothesis. Its conceptual basis and technological platform are provided
in this paper.

3.1 System Prototypes

In order to support English essay writing as a design activity based on the models and
techniques presented above we decided to reuse and integrate existing systems, mak-
ing modifications when necessary. When selecting the critiquing component we con-
sidered both ArgoUML [21] and the Java Critiquer [18]. The latter has the advantage
that it supports the design of a textual artifact (program code), but ArgoUML has the
advantage it is a freely downloadable, open source system. We decided on ArgoUML
due to its accessibility. However, we had to modify the system extensively, with the
effect its UML features are no longer visible (see Figure 2).

The system building approach we took was to start with the existing system, re-
moving all the features we did not need and adding the features that are unique to our
domain. In retrospect we could have built the equivalent functionality from scratch in
about the same time. However, some of the Argo features we have hidden, such as
the building block palette and to-do list we anticipate to be useful in future versions
of our system. For example, the current version requires students to input their essays
in terms of characters and words (i.e. the composition area is a text processing win-
dow), whereas LSA Analyzer requires sentences as input. Furthermore, we know
from previous studies that designers work at multiple levels of abstraction [1], which
in the context of essay composition means words, sentences, paragraphs, sections,
and other higher level structures [28]. Therefore, providing support for direct manipu-
lation of intermediate-level building blocks is another way to extend the current sys-
tem. It will allow the students to acquire skills in organization as well as composition,
and it may simplify LSA preprocessing by reducing the need for sentence segmenta-
tion. Furthermore, to-do lists that can keep track of overlooked critic messages and



suggest when they should be attended to, can help students to manage multiple miss-
ing sub-themes. This is part of future work.

& Envglish Compasation Critigung System I =l=x]
Bie EW few freme pyrage Dewsion Gee Jods  pee

Do @5 XD 8 @< >N~
Praject Fun- A great success 5]
In March 2001, some Form 6 students in our college visited mainland Chin for Project Fan_ The aims of Project Fan are helping schools to develop contacts

Wit atner Schodls, Ghving stucerts the experience of traveling, eaming 300UE e culture and history of China, EXpasing Stuterts to he cuiture and ifestyse in
places quiside Hong Kang, ghving a team-buillding exercise 1o teach students how to work together and investigating ways 1o help students to practice ther
Engish. Others sims of the Project Fan are developing & sense of identity wih China among the students, experiencing mainland using frst-hand and to leam
o el @ pant of it

ur students Wsited the secondary schoal called Yishan Callege in Yongteng town, Jiangd Province, the People’s Reputlic of China, vishan Colege has 450
tuddents anel was established 24 years ago, Much of the area around Venglersg was badly affected by recent flooding and the maney svailable for this sch
Engish language programme Nas Deen reguced. STudents In Yishan Colege naw hirve very imited opponunities 1o pracise the Engish that they iearm in
school. Also, there ae only 10 teachers in the schoal which gats virtually all of its stugents from the sumounoing rural commuity

birtnplace of many cutueal and religious leasers

i SystieTn OF Sl Farms, vane metal and miners

from 11 March to 18 March, 7000, There were 15 students taking part in it, They went to there try train and bus. They stayed i
TG Bin Fooms 3
trip. We had Chinese coakery 1655605 and saw $me Chinese Nims. We 330 jained the fisk tng o Jinggangshan and Pulin. 1]
| concart and showed what we had I2amit 5UCh 33 danting, $noing 5ong in Putonghua and playing some music. Besides, we had
b puarty in the evening with disco. Futhermore, we had # lecture about history, planted rice and joined a ey baur

Finalty, Yishan Colege wil be sending a groud af students 10 HONG Kong In OCtoder and aur students will G Dack to Jianged néxd year. We hope the exchange

[ran nn on euensuear 1=

[ Submi [ Discussion

[The journey of project Fan
[vongFeng student nostel ar
There were a lot of atth

|crie taegmack ey tarms for elaboeation

Fsy Fioee Abiout. closer T with SER00IS in Ching

5y more about Improve Putonghua, practise Putanphua, speak Putonghua

53y more about 183 3LAUL ce-Drowing, B3 3baut grow rice

Iy moee about ke events in Chinese revolubionary, key events in Chinese history, Cradle of the Chinese Revaliaion, Red Capital, Ruijn
Bay more about 2 teachers, Ms Stewart and MrWwong
3y more about Copkery 18ssons, cultural actutes
Iy more about. retum visit ta Jisnigd e year, return visit to Sangs 2002, retum vist to Jiangd every year, culral enchanges in fuure

Fig. 2. The English composition critiquing system has a “Submit” button to generate LSA-
based critique and a “Discussion” button to trigger a knowledge building session (Figure 3).

For the knowledge-building component we decided on another open source sys-
tem, FLE (Future Learning Environment) [10]. FLE is a knowledge building envi-
ronment developed in accordance with the progressive inquiry model [8]. It is an
asynchronous, web-based groupware for computer-supported collaborative learning.
It is designed to support collaborative learning in the form of a discussion forum with
message categories (knowledge types) named after the stages of the progressive in-
quiry model. These stages and corresponding categories can help students improve
their collaboration and ability to solve open-ended problems. The categories that are
provided with the system (Fle3) are “problem,” “my explanation”, “scientific expla-
nation”, “summary” and “‘comment.” Two of these categories are displayed in Fig-
ure 3.

Figure 3 shows the reader’s interface of the knowledge-building forum of Fle3
from a simulated session involving two students who have been invited to join the
forum by a coordinator agent to resolve a missing essay topic. The missing essay
topic is picked up by the agent and serves as a seed question. In knowledge building
these initial questions are often formulated by teachers, based on their knowledge of
the subject to be taught. In this case it is handled by a software agent based on its
ability to identify students who receive the same feedback, and a belief that two stu-
dents receiving the same feedback have something in common that they can resolve
by information sharing and discussion. The reason why discussion may be the appro-
priate form of resolving the feedback is based on the fact that missing sub-themes
define open-ended questions, i.e. they can be addressed in many different ways. We



have not yet tested these claims, but it builds on our previous (empirical-based, sys-
tem building) work on integrating agents with FLE [6] and adaptive user interface
agents [13].
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Fig. 3. The Fle3 Web-based knowledge-building forum shows a persistent storage of discus-
sions related to students’ missing essay topics. An agent initiates a thread when it discovers an
essay topic that is missing by more than one student. The KB forum has not yet been fully
integrated into our environment and it has not yet been tested with students.

4 Evaluation and Preliminary Results

In order to assess the feasibility of our system regarding its ability to suggest missing
themes for students to consider when revising their essays, we conducted an experi-
ment. Seven high school students in Hong Kong were invited to write a 400 to 500-
word essay on the topic “Write an essay about the experience of traveling to China”.
At the same time, a teacher was asked to provide a number of sub-themes (25 in this
study) of this topic, which the students were expected to include in their essays.

The teacher assessed the finished essays to identify the sub-themes that were miss-
ing, based on the set of predefined sub-themes. Then the essays were assessed by our
system. Each text segment in the student essay was compared with each sample seg-
ment suggested by the teacher. If the semantic similarity (which was represented by
the cosine value calculated by LSA) was below a preset threshold, we considered the
sub-theme of the sample segment to be missing in the student essay. Finally, the miss-
ing sub-themes identified by the teacher and our system were compared to evaluate
the performance of the system. The system identified 35 missing sub-themes in the 7
student essays, 22 of them were judged to be correct (i.e., also identified by the
teacher as missing sub-themes), whereas the remaining 13 were considered inappro-



priate. Based on this we get a tentative precision rate of 63%. A reason for this rela-
tively low number is the small size of the corpus.

We used a corpus of about 3,000 words to build the semantic space. This is smaller
corpus than what has been used in related studies, such as TASA-all (a large knowl-
edge space consisting of text samples from the K12 (grade 1-12) curriculum in the
United States) [24]. The TASA-all corpus comprises approximately eleven million
words. We believe that a larger corpus for constructing our semantic space will fur-
ther improve the accuracy of our system in identifying missing sub-themes. We will
explore this hypothesis by varying corpus size for different domains in our further
work

5 Conclusions and Directions for Further Work

Many students find essay writing stressful because they do not have sufficient ideas
to fully cover the topic they are asked to write about. They usually run out of ideas
before they have completed their essays. When the class size is large and when run-
ning in-class writing exercises, it is difficult for teachers to give proper feedback to
individual students on missing topics to address in their rewrite, because it requires
considerable amount of teachers’ time.

We believe the use of our semantic-based critiquing system can support students
by autonomously suggesting what missing sub-themes they should pay attention to
when revising their essays. Students can submit their draft essays to the system for
feedback whenever they are running out of ideas. If the feedback is incomplete or
poorly understood (e.g. due to LSA truncation steps) the students can enter a system-
initiated, contextualized discussion forum that provides support for collaborative
knowledge building using the pedagogically informed progressive inquiry model. We
believe that this can help students to enrich their essay content with more vocabulary
in a context that is meaningful to them, thus grounding their learning activity. We are
also interested in how the students view the critiquing system and to what extent the
knowledge-building forum will be used. On the technical (algorithmic) side, we want
to investigate the factors that will affect the performance of LSA in the essay-writing
domain. For instance, how to determine both the optimal number of dimensions of the
semantic space and the optimal threshold value for similarity matching are questions
that require further research to answer.
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