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Abstract: Previous grammar learning environments have made limited use of both theoretical
and technological advances to date. This paper presents e-Grammar, a prototype of an
assessment-based learning environment designed to provide a variety of adaptive features.
The system at the macro-adaptive level adapts to studentsOages, native languages, cultural
background and initial choice of difficulty levels. The system at the micro-adaptive level
integrates a Bayesian student model that is used to provide adaptive sequencing and feedback
according to the student® knowledge level and performance across items. Evaluative studies
of the effectiveness of this system will be carried out in the near future.

Introdudion

Adaptive instruction in general refers to Geducational interactions aimed at effectively accommodating
individual differences in students while helping each student develop the knowledge and skills required to
learn atask.O(Park & Lee, 2003, p.651) Compared with the previous one-size-fits-all approaches, adaptive
instruction emphasizes the role that individual differences play in instruction. Adaptive web-based
instructional systems are combinations of Qhe more directive tutor-centered style of traditional intelligent
tutoring system and the more flexible student-centered browsing approach of hypermedia systems.O
(Magoulas, Papanikolaou & Grigoriadou, 2003, p.514) Current adaptive web-based instructional systems
are mainly based on three technologies: curriculum segquencing, intelligent solution analysis, and problem
solving support (Brusilovsky & Peylo, 2003). Snow (1992) uses the terms macro- and micro-adaptation to
describe two different levels of adaptive interaction that seem to be needed to reach optimal instruction. In
macro-adaptation, students are assigned to different instructional paths according to their aptitude patterns.
In micro-adaptation, studentsOspecific needs are diagnosed during the instruction and then students are
provided with appropriate feedback. Techniques used to implement micro-adaptation include probabilistic
modeling, trajectory modeling, and structural and algorithmic modeling.

Since 1990, an increasing humber of adaptive web-based instructional systems have been developed as e-
learning gradually turned into an industry and a research stream (Shute & Towle, 2003). However, previous
research on grammar instructiona systems has been mostly about non-adaptive approaches. For instance,
grammatical structures are visualized with metaphors for elementary school children (Kempen, 1999),
grammatical functions are instructed by integrating cognitive learning principles in multimedia
instructional materials (Collentine, 1998), and instructional materials are generated by a tagged corpus of
authentic language relevant to studentsOprofessional lives (Borin & DahlI3f, 1999).

Research on adaptive grammar instruction has been very limited and mainly focused on a few types of
micro-adaptation. For instance, Bos and van de Plassche (1994) used fuzzy set theory to model the degree
to which a student had mastered a feature or rule. Virvou, Maras and Tsiriga@ (2000) passive voice tutor



provided adaptation to a profile of both studentsOshort-term and long-term performance. However, there is
little research done on adaptive grammar instruction systems that implement micro-adaptation using
probabilistic models. Integration of macro- and micro-adaptation in grammar instruction systems, which
can lead to the creation of powerful learning environments, has not been properly explored. In addition,
most of the previous learning environments have been developed according to a specific learner group, not
across learner groups of different ages, native languages, and cultural backgrounds (e.g. Bos & van de
Plassche, 1994; Fum, Giangrandi & Tasso, 1992; Schuster, 1986; Virvou, Maras & Tsiriga, 2000). In order
to address the aforementioned limitations of grammar instruction systems, a prototype of an assessment-
based adaptive learning environment for English grammar (e-Grammar) has been developed. e-Grammar
incorporates both macro- and micro-adaptive features in a learning environment that makes use of
assessment information to enhance students learning.

This paper presents e-Grammar®@ framework for assessment-based learning environments, describes its
functionality including both macro- and micro-adaptive features, and points out the significance of this
project and plans for future work. At current stage, a prototype of e-Grammar for Chinese students has been
developed, but it has not yet been evaluated.

Assessment-based |earning environments. e-Grammar

e-Grammar is an assessment-based learning environment for English grammar that makes use of enhanced
TOEFL" items. It integrates both macro- and micro-adaptive features. In addition, it also utilizes
pedagogica agentsin conveying the grammar instruction and providing feedback.

Macro-adaptation of e-Grammar

Schuster (1986) and Virou et al. (2000) have used the student@ native language to infer error types in the
micro-adaptation. e-Grammar goes a step further by providing feedback regarding similarities and
differences between English and the student@ native language. It also provides instructions and feedback in
both English and the student@ native language. In the prototype that has been developed, e-Grammar can
provide the feedback based on the difference between Chinese and English.

e-Grammar adapts its layout and language used for feedback to the age group of the student. In addition,
the appearance and behavior of pedagogica agents in e-Grammar can also be adapted to the student®
cultural background (e.g., by using a character familiar to the student).

Micro-adaptation of e-Grammar

According to Celce-Murcia and Larsen-Freeman (1999) and other traditional English grammar books
(Azar, 2002; Baugh, 1993; Greenbaum, 1996; Gucker, 1966), English grammar can be divided into three
main categories: use, form and meaning. Form is further divided into several categories: word classes,
phrases, clauses and sentences. The Bayesian student model follows a similar structure. Conditional and
prior probabilities were elicited from experts. These initial probabilities will be refined in the presence of
data. Evidence of student knowledge is captured using a sequence of enhanced TOEFL" items and then
propagated throughout the Bayesian model.

Pedagogical agents have been used to facilitate learning by supporting human-like interaction with
computer-based systems (Johnson, Rickel, & Lester, 2000). eeGrammar@ pedagogical agents provide
adaptive sequencing of questions and adaptive feedback based on the state of the Bayesian student model.

eGram[naer adaptive feedback mechanism, externalized as Dr. Grammar, takes into account both the
student@ short-term and long-term performance. Dr. Grammar is also used to guide reflection activities
based on the state of the student model. Dr. Grammar shows the current state of the student model to the



student and asks whether or not they agree with it. The student is given the opportunity to add his’her self-
assessment and is encouraged to demonstrate it by solving additional questions carefully selected by Dr.
Grammar based on the student model. Severa researchers have explored open/inspectable student models
as mechanisms for supporting student reflection, knowledge awareness, self and collaborative assessment,
learning (Brnaet al, 1999; Mitrovic & Bent, 2002; Zapata & Greer, 2004; Li & Kay, 2005).

e-Grammar Prototype

A prototype of eeGrammar has been implemented. It is made up of six major steps (Figure 1). Eventualy,
there will be three categories of targeted users for this system: students, teachers, and parents. Currently,
the prototype has been focused on students as its targeted users. Figure 1 summarizes the steps a student
takes when interacting with e-Grammar.
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Figure 1. e-Grammar@® framework of an assessment-based |earning environment

As can be seen from Figure 1, Step 1 is the Qog inOstep. At step 2, students answer a few questions about
age, native language, and the difficulty level they want to begin with, which will be used later to decide the
macro-adaptive features of the system (i.e., initialize the student model). At Step 3, students learn English
grammar through helping a pedagogical agent named Xiaoding.OXiaoding represents someone who has
good content knowledge of a specific topic, but is not so good at grammatical structures. Students are asked
to help Xiaoding identify and correct mistakes. Xiaoding provides adaptive sequences of questions based
on student model information and current and past performance. In addition, there is another pedagogical
agent named (Dr. Grammar,Owho provides adaptive feedback to the student. At Step 4, students write an
essay using the sentences they have practiced previously. At Step 5, students are provided with a
performance summary. Finaly, at Step 6, students are asked several questions based on current model
information and past performance aimed at improving self-reflection skills and self-directed learning.
Students can choose to repeat the cycle using the same or a new grammatical structure. Students can see
how student model information changes as they make progress on each activity.

Figure 2 shows a screenshot of e-Grammar at Step 3. Adaptive feedback provided by Dr. Grammar could
include the correct answer (in case the student has chosen the wrong option), related educational materials,



and information on the student@® native language. Amount of feedback and detail level varies according to
the current state of the student model (e.g., high performance students are provided with more choices,
including some challenging educational materials). Dr. Grammar aso shows his current estimate of the
student® knowledge on eterminersO(i.e., Intermediate).

G
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Learning about deteminers while helping Xiaoding correct his journal entries

Kiaoding likes social science. He reads a lot and keeps a journal of some interesting facts on this subject.
Kiaoding is not sure about what determiners to use in some of his sentences. Please help Xiaoding by selecting
the correct determiner from the drop-down menu. If you think the one he wirote was correct, leave it as itis. Chinese
Instructions

N\

"hal" is not the correct determiner.
The correct determiner is "half of the'

Before you continue, please visit the following links:
Determiners

MWy current estimate of your
knowledge of Determiners is :

What do you want to do next? }
Intermediate

See Xiaoding's next sentence or Go to the writing activity
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Figure 2. A screenshot of e-Grammar

Figure 3 shows the kind of feedback available to students when their knowledge on eterminersOhas been
estimated as Basic. It includes information in the student first language as well as comparisons between
English and the first language.



You might want to know how English and Chinese differ in their use of Determiners{# R 32
XTEERHXI)

Articles:

In Chinese, there are no articles in sentences ( SRIEHREEF RN ) . Forinstance,

(1) Suniis hot.

(2) | bought book.

(3)Computer has changed our lives.

(1) The sunis hot.
(2) | bought the book.
(3) The computer has changed our lives.

— ~
However, in English, the correct versions of the sentences above are: /l ¢ /} \
W/

Iy current estimate of your
Pronouns knowledge of Determiners is :

In Chinese, there is no distinction between subject and object forms of some pronouns and Basic
there are no possessive pronouns ( SRIBHREFREAERMELMHEE ) . Forinstance,

(1) | gave the forms to she.

(2) The student is standing there, but he book is on this desk.

Howwever, in English, the correct versions of the sentences above are:
(1) gave the forms to her.
{2) The student is standing there, but his book is on this desk.

Figure 3. Adaptive feedback at the basic level

Educationd significance of the project and future work

e-Grammar is an assessment-based |earning environment that makes use of the diagnostic power of existing
TOEFL" items. The main contributions of e-Grammar are as follows: it provides both macro- and micro-
adaptation to facilitate English grammar learning; it uses a Bayesian student model to provide estimates of
the studentsOEnglish grammar proficiency; it uses pedagogical agents to provide individuaized human-like
interaction and provides reflection activities for students to reflect on their proficiency level. The next step
for the research is evaluating the system with actual high school students who speak Chinese as their first
language.
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