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A Constructionist Approach to Student 
Modelling: Tracing a Student’s Constructions 

Through an Agent-based Tutoring Architecture

Katrien Beuls1

Abstract. Construction Grammar (CxG) is a well-established linguistic theory that 
takes the notion of a construction as the basic unit of language. Yet, because the 
potential of this theory for language teaching or SLA has largely remained ignored, 
WKLV�SDSHU�GHPRQVWUDWHV�WKH�EHQH¿WV�RI�DGRSWLQJ�WKH�&[*�DSSURDFK�IRU�PRGHOOLQJ�
a student’s linguistic knowledge and skills in a language tutoring application. I 
propose a tutoring architecture for (adult) second language learning that relies on 
a student model that tracks a student’s constructional knowledge. This model is 
embodied in a fully operational student agent, which has a construction inventory, 
a grammar engine (to process constructions) and learning strategies (to update 
constructions after learning). Through linguistic interactions between a language 
learner and the tutoring system, the student agent is enabled to model the behavior 
of the real student and tries to predict his input. The student construction inventory 
is aligned to the real student’s input after every interaction. This innovative 
architecture, implemented in Fluid Construction Grammar, is demonstrated here 
for the use case of Spanish past tense expressions, which remains a complex task 
even for the most advanced learners of Spanish.

Keywords: construction grammar, student modeling, agent-based tutoring system, 
Spanish past tense.
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1. Introduction

Learning a new language from a native speaker is usually more successful 
than learning from an L2 teacher who does not fully master the target language 
and knows little more than the phrases in study books. The same argument 
applies to computer-based language tutors: a good model of the target language 
VKRXOG�EH�ÀH[LEOH�HQRXJK�WR�XQGHUVWDQG�DQG�SURGXFH�XWWHUDQFHV�WKDW�DUH�EH\RQG�
those found in exercises. Moreover, apart from modeling the expert speaker, 
a good tutor also keeps a model of the student that he is tutoring, to estimate 
KLV�SUR¿FLHQF\� OHYHO�DQG� WKH�GLI¿FXOWLHV� WKDW�KH�HQFRXQWHUV��2QFH�D� WXWRU�KDV�
full control over these two models, he can apply a range of tutoring strategies 
to best guide the student through a set of exercises. Yet, the structure and 
LPSOHPHQWDWLRQ�RI�WKH�XQGHUO\LQJ�H[SHUW�DQG�OHDUQHU�PRGHOV�QHHGV�WR�EH�ÀH[LEOH�
enough to allow tutoring strategies to do their work. This paper demonstrates 
WKH�EHQH¿WV�RI�XVLQJ�D�&RQVWUXFWLRQ�*UDPPDU��&[*��DSSURDFK�DV�WKH�EDVLV�IRU�
the expert and student model and shows how constructions can be learned and 
adapted over time.

I have used the bi-directional construction-grammar framework Fluid 
Construction Grammar (Steels, 2011, 2012) to test this innovative architecture 
for the use case of Spanish verb conjugation, which remains a complex task even 
for the most advanced learners of Spanish. Through the use of carefully designed 
diagnostics and repairs, the student construction inventory can be updated to 
maximally approach the real student’s linguistic knowledge of the target domain. 
7KLV�SDSHU�¿UVW�H[SODLQV�WKH�EDVLF�DUFKLWHFWXUH�RI�WKH�&[*�EDVHG�WXWRU�LQ�6HFWLRQ�
��DQG�IXUWKHU�GLVFXVVHV�WKH�¿UVW�UHVXOWV�RI�WKH�XVH�RI�D�VWXGHQW�DJHQW�IRU�6SDQLVK�
verb learning in Section 3.

2. Method

The CxG-based language tutoring system advocates the use of deep language 
processing and agent-based modeling to construct a language tutoring system 
IRU� VHFRQG� ODQJXDJH� �/��� OHDUQHUV�� ,W� GHPRQVWUDWHV� WKH� EHQH¿WV� RI� NHHSLQJ�
an active and predictive student model that takes the form of an autonomous 
learning agent. The system consists of three main elements that are explored 
in this section:

�� Because domain knowledge is a crucial prerequisite to construct a 
personalized language tutor it is necessary to have a fully operational 
language agent that can function as a competent language user.
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�� A predictive student model in the form of a student agent with a structure 
WKDW�LV�LGHQWLFDO�WR�WKH�ODQJXDJH�DJHQW�FDQ�EH�G\QDPLFDOO\�DOLJQHG�WR�¿W�WKH�
real student’s progress.

�� A language agent can take up the role of the tutor if he is endowed with a 
set of tutoring strategies, which make use of the student model as well as a 
PRUH�JHQHUDO�VWXGHQW�SUR¿OH�PRGXOH�

2.1. Language agent

The language agent that is presented here consists of three main components: 
D� FRQVWUXFWLRQ� LQYHQWRU\�� D� JUDPPDU� HQJLQH� DQG� D� VHW� RI� ÀH[LELOLW\� VWUDWHJLHV�
(Figure 1���7KH�¿UVW�FRPSRQHQW��WKH�FRQVWUXFWLRQ�LQYHQWRU\��LV�D�FDWDORJXH�RI�DOO�
the grammatical constructions that a language user typically uses. It can contain 
lexical constructions, phrasal constructions, morphological constructions, etc. 
that are each responsible for a small part in the processing of an utterance. The 
construction inventory can be organised according to different principles that 
are either driven by the implementation and processing perspective or by the 
psycholinguistic relevance of grammar organisation.

Figure 1. The language agent and the student agent share the same architecture; a 
full tutor agent that interacts with a student has three types of strategies 
that are distributed across its sub-agent components
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The second main component is the grammar engine. This is the component that 
is responsible for the actual linguistic processing of the constructions that are 
collected in the construction inventory. This processing involves a search through 
the inventory to retrieve the constructions that are required to build or interpret 
a particular utterance. The grammar engine should allow for bi-directional 
processing so that the same constructions can be used in production and parsing. 
7KLV�EL�GLUHFWLRQDOLW\�LV�D�FUXFLDO�IHDWXUH�LI�ZH�ZDQW�WR�HQDEOH�ÀH[LEOH�SURFHVVLQJ��
which implies that the tutor can try to reproduce the student’s utterance to 
reconstruct the constructions that he accessed and the possible search path that 
was taken.

)LQDOO\��DQ�H[SHUW�ODQJXDJH�DJHQW�DOVR�KDV�D�VHW�RI�ÀH[LELOLW\�VWUDWHJLHV�WKDW�DOORZ�
for robust processing of the learner’s utterances, especially when they contain 
mistakes. These strategies allow to always retrieve a solution when an erroneous 
utterance is parsed and to come up with a correction as well as the source of 
WKH�HUURU��$�ÀH[LELOLW\� VWUDWHJ\�FRQWDLQV�GLDJQRVWLFV�DQG� UHSDLUV� WKDW� LGHQWLI\� WKH�
LUUHJXODULW\�DQG�¿QG�D�VROXWLRQ�WR�VROYH�LW��7KH\�DUH�FRQVWDQWO\�DFWLYH�LQ�D�OLQJXLVWLF�
meta-layer that runs on top of regular processing so that they can catch every small 
deviation of regular construction processing (Beuls, van Trijp, & Wellens, 2012; 
Maes & Nardi, 1988).

2.2. Student agent

A good teacher naturally constructs a model of his student that represents the 
student’s skills and knowledge as a function over time. It is a kind of model 
that could mimic typical student utterances that are illustrative of the student’s 
SUR¿FLHQF\�OHYHO��,Q�RUGHU�WR�RSHUDWLRQDOL]H�VXFK�D�SUHGLFWLYH�PRGHO�LW�LV�FRQYHQLHQW�
to reuse the three-component language agent architecture. This student model is 
WKXV� LPSOHPHQWHG� DV� D� IXOO\�ÀHGJHG� DJHQW�� ZKR� FDQ� DFWLYHO\� SDUWLFLSDWH� LQ� WKH�
OLQJXLVWLF�FRPPXQLW\�WKDW�KH�¿QGV�KLPVHOI�LQ��7KLV�DJHQW�LV�DOVR�IXUWKHU�UHIHUUHG�WR�
as a student agent.

Because the language agent’s and the student agent’s architectures are identical 
(Figure 1��� LW� EHFRPHV� YHU\� FRVW�HI¿FLHQW� WR� FRQVWUXFW� D� VWXGHQW� PRGHO� IURP�
scratch. The most important difference is, of course, the difference in competence 
level between the tutor and the student. The student does not yet master all the 
constructions that are needed to be fully expressive in the language that he or she is 
learning. Gradually, their construction inventory will expand and mold towards the 
target language. It might take different paths to construct an L2 language, so that 
different learning strategies are required.
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,QVWHDG�RI�ÀH[LELOLW\�VWUDWHJLHV��D�VWXGHQW�DJHQW�KDV�D�VHW�RI�OHDUQLQJ�VWUDWHJLHV�WKDW�DUH�
in charge of the continuous expansion and adaptation of the agent’s constructions, 
which in turn is based on information that is gathered during processing. Learning 
strategies encode personal tactics on how to solve a particular problem and they 
can thus differ greatly between students. For instance, one learning strategy for 
OHDUQLQJ� &DWDODQ� ZRXOG� EH� WR� ¿UVW� FRQMXJDWH� DOO� WKH� YHUEV� LQ� WKHLU� ¿UVW� SHUVRQ�
singular form. Another strategy would imply that you construct your sentences in 
Spanish (in case you master this language) and replace some of the words by their 
Catalan counterparts.

2.3. Tutoring strategies

Apart from making a dynamic model of the students, a human teacher typically 
also applies a range of tutoring strategies to assist students in their problem-
solving tasks. A tutoring strategy is a dynamic plan of action that stipulates future 
interactions with the student. To create or adapt a tutoring strategy, a teacher does 
not only depend on the information that is kept in the student model but also makes 
use of a more general record of the student’s strengths and challenges in learning.

7KH� ODQJXDJH� WXWRULQJ� V\VWHP� WKDW� LV� SURSRVHG� KHUH� WKHUHIRUH� KRVWV� DQ� DUWL¿FLDO�
tutor that simulates these typical teacher tactics. As a result, the original language 
agent architecture needs to be extended so that this agent can also function as a 
tutor (Figure 1). Such a revision implies two new components as parts of a tutor 
agent, apart from having direct access to the student agent: a tutoring strategies 
FRPSRQHQW�DQG�D�VWXGHQW�SUR¿OH�FRPSRQHQW��7KHVH�FRPSRQHQWV�DUH�YLWDO�HOHPHQWV�
of a personalized tutoring approach because they provide meta-information about 
the tutoring process, for instance to decide which type of exercise to repeat or 
where to challenge the student further.

3. Results

7KH�¿UVW�FDVH�VWXG\�ZLWK�WKH�&[*�EDVHG�WXWRULQJ�V\VWHP�IRFXVHV�RQ�WKH�ODQJXDJH�
system of Spanish tense, aspect and mood. After the development of a Spanish 
ODQJXDJH� DJHQW�ZLWK� ÀH[LELOLW\� VWUDWHJLHV� QHHGHG� WR� HIIRUWOHVVO\� SDUVH� HUURQHRXV�
sentences and correct them (Beuls, 2012), a student agent with learning strategies 
FDQ� EH� ³FORQHG´� FRVW� HI¿FLHQWO\�ZLWK� HPSW\� FRQVWUXFWLRQ� LQYHQWRU\� DQG� GHIDXOW�
grammar engine settings, completed with a set of learning strategies and designed 
for the target language system. A set of 10 diagnostics and 12 repairs is needed 
to fully operationalize the acquisition process of the Spanish verb system from 
contrastive situations such as “cantaba/cantía una canción”, he sang (perfective/
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imperfective) a song. First results have shown that the student agent learns more 
TXLFNO\�DQG�PRUH�HI¿FLHQWO\�ZKHQ�KH�FDQ�DOVR�VSHDN�DQG�QRW�RQO\�OLVWHQ�

4. Conclusions

The architecture presented in this paper allows building a tutoring system for a 
VSHFL¿F� VXESDUW� RI� D� ODQJXDJH� IRU�ZKLFK� WKH� JUDPPDU� HQJLQHHU� FDQ�GHYHORS� DOO�
elements of the language agent. Once these elements are provided, the meta-
OHYHO�UXQV�WKURXJK�DOO�FRPSRQHQWV�RI�WKH�WXWRULQJ�V\VWHP�E\�PHDQV�RI�ÀH[LELOLW\��
learning and tutoring strategies. The agent-based model of the real student tracks 
the performance of the student and has the capability to predict future utterances, 
which can in turn be used to select appropriate exercises for the skill level of the 
student.
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