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Abstract. The given work is devoted to CALL system scenario formalization
aimed to generalize the experience, estimate the potential of the integrative
systems, define the problems and their solutions.

Keywords: scenario, second language acquisition, language learning system,
integrative approach.

Actuality. Since the first CALL (computer-assisted language
learning) system appeared in 1960s, many different systems have been
built, books have been written and published [1], and even academic dis-
ciplines and courses have been introduced and studied in universities
worldwide [2]. Despite of a plenty of the different systems and methods
existed, we can define three classes of such systems connected to three
language learning approaches: behavioristic, communicative, integra-
tive [3,4]. Warschauer [5] connected them to three phases of learning
systems improvement and development: behavioristic, communicative,
integrative. These systems cannot be regarded as competitors, but rather
can be seen as three coexisted facets of a brilliant which effectively
complement each other.

Behavioristic systems are focused on using the computer as a tu-
tor governing by the “drill and practice” principle. A typical behavioris-
tic system is PLATO project. It is based on vocabulary drills, grammati-
cal rules and translation tests. However, behavioristic systems did not
allow enough authentic communication to be of much value [5]. In fact,
the linguistic environment for language acquisition is very important. It
presses the students to communicate with other people in real time
mode, brings a lot of examples of how to say something, a lot of varia-
tions of how to express a thought, gives many opportunities to experi-
ment with the language [6]. It is very different from the drill and prac-
tice approach used within the classroom. Communicative CALL systems
involves the computer as stimulus, not as a tutor. The features of the
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communicative CALL systems are as follows: teaching grammar implic-

itly; encouraging students to generate original utterances rather than
manipulate prefabricated language; avoiding to tell students they are
wrong and being flexible to a variety of student responses; creating an
environment in which using the target language feels natural. Commu-
nicative CALL systems software include a number of programs which
may not have been specifically designed for language learners. Computer
system takes place of a passive mediator directed to connect the stu-
dents and teachers, helping them to build a community.

Integrative systems are based on two technological components -
multimedia computers and the Internet [5]. Multimedia resources can be
used by the students on demand allowing to build an authentic linguistic
environment able to affect the user through several channels of percep-
tion simultaneously (listening is combined with seeing, like in the real
world). The main features of such systems are as follows: authentic lin-
guistic environment simulation, skills are easily integrated, because the
media makes it natural to combine reading, writing, speaking and listen-
ing in a single activity; students studying in accordance with their indi-
vidual plans, honing in on particular aspects and skipping the oth-
ers; focusing on the content, without focus on language form or learn-
ing strategies. The typical integrative system is Dustin program devel-
oped by the Institute for Learning Sciences at Northwestern Univer-
sity [7]. The program was developed for use by foreign employees of
Andersen Consulting. It helps employees to enhance their English skills
within the context of actual environment they will encounter when they
attend business meetings at the training center. Dustin includes a num-
ber of video scenarios that all employees will encounter (airport, check-
ing into a hotel, ordering food). User interacts with different persons
from video-clips, posting his/her answers. If the answer is correct and
trainee is successful with a scenario, he/she goes to the next one. But
when the trainee is not successful, he/she gets notified by the system
what they have to learn in a very direct way. Failure and its processing
is a key element in Dustin, failing at a task make students interested in
finding out what they need to know to succeed [7]. The correction of the
user answers are made using a tutor agent, which in communicative
user-centric manner suggests a correct way to convey the message [8].
Thus, the student feels engaged in the world of real life communica-

64 ISSN 1562-9945



1 (108) 2017 «CucreMHBIE TEXHOJOTHUH »
tions, having a clear goal, learning through apprenticeship. Another

project based on the same principles is SPELL developed and discussed
in the works of Hazel Morton [9,10]. The main features of the project
are as follows: automatic speech recognition; embodied 3D virtual agents
and virtual worlds for the creation of scenarios; focused on developing
oral skills in the target language.

Task definition. Scenario is the most important component of an
integrative system. The quality of the scenario and the ability of the
system to play it can be seen as two key components affect the quality
of the realistic language environment simulation aimed to help user to
acquire language skills effectively. Secondly, the effect of the system
depends on the variety and complexity of the situations represented by
the scenarios. The system should be opened to add new scenarios and the
scenarios should cover all the domains of knowledge (content) the users
are interested in. One of the conditions to make it real, the operation of
new scenario creation should be rather simple. As a result, the system
will have a huge amount of scenarios and a search mechanism able to re-
trieve a number of similar scenarios with the properties the user is in-
terested in, compare different scenarios etc. The third important aspect
should be considered is the ability of the system to be open for multiple
foreign languages learning.

To solve the given problems effectively, we should clearly under-
stand what the scenario is, or more precisely, what the scenario may be.
The way of such understanding should be based on the strong founda-
tion of mathematical formalization. The formalization is directed to help
us not only in terminological questions, but mostly in questions of sys-
tems’ potential, configurations and improvements. Despite of an excep-
tional role of the scenario concept for integrative CALL systems, author
has not found any works devoted to its formalization. Thus, the given
work is intended to fill this gap.

Main part. Generally, the system of scenarios can be defined as

an algebraic system composed of a set of scenarios?Z , relations @ and
operations o

Z = (L0,.0,), (1)

Each scenario d: €I composed of two required elements: scenario

descriptor and a none-empty, ordered or partially ordered, finite set of

steps. The set of steps defines an order and a specific of events each of
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which aimed to pass a message to the end-user. The number of steps is

limited.
Scenario descriptor is used for scenario classification. It’s an ele-
ment of n-ary relation on n domains-classifiers (classification axes)

D* €Ky x Ky X K3 X XK, (2)
where K: — i-th classifier. The typical classifiers are as follows: interest,
language, skill level, rating. Classifiers can be represented as taxono-
mies.

In general, D* consists of required classification axes denoted by

D and optional ones denoted by D~.
D=D*\D" (3)

Scenarios are similar iff their descriptors’ projections on required
domains are equal.

o~ emp(d)=mp(d),  dndjeD* (4)

More precisely we can talk about a degree of similarity. Similar-
ity operation is widely used for scenario retrieval manually by the user
and automatically by the information system unit responsible for mak-
ing an individual language acquisition plan.

The step of scenario reflects a real world event (more precisely an
event of linguistic environment) appeared in a definite time slice. Con-
sequently, a sequence of steps reflected a set of such events is very simi-
lar to a sequence of frames composed a movie. The key difference from
the movie is the involvement of a user in the flow of events and the de-
pendence of the flow on the user’s activities. It looks like an interrupt
caused by the movie and processed by the user. And in accordance with
the results of the processing system chooses the next sequence of steps
to play, including a switch to the alternative flow or even playing an-
other movie.

Message. The key element of the step is the message responsible
to pass the meaning of the event to the user. Some messages require
user’s reaction. A set of messages can be described by the relation on a
set of domains each of which represents objects of a type or a channel.
We can say that a message consists of a number of objects, or a number
of projections of the message on the domains

McT, xToxT; x---xT, (5)
M — the whole set of the messages registered in the system; M: — a set
of messages connected to the i-th scenario 7i.
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Typical examples of the message projections are as follows: text,

formula, video-clip, audio, image, diagram, virtual agent actions etc.

More general channels, such as audio, can be divided into sub-types such

as speech audio and environment supplementary sounds (airport, cafe).
A process of passing the message to end-user is shown in figure

1. A, T, I, B, C — domains, and @i:Pm.Cr.tisli — denote the projections of

the message Mz e M; on the domains, i.e. b (??1]]3) = .

Figure 1 — A process of passing the message to end-user

Each projection of the message takes some time. Consequently,
the time needed to pass the message is defined by the slowest projection.

My =aer ((@s @) E2), o €Tya™ €T, , (6)

Tp = Eﬂ({’f(ﬁi (ﬁz))})’ (7

T(m; ()} — denotes an operation of calculating a required time to
pass the i-th projection of z-th message.

After the message has passed, user needs some time to perceive
the message. To make the simulation more closed to the real life the
time should be defined for each message individually.

There are two types of the messages: task-oriented messages
which cause interrupts of the flow and require user reaction; infrastruc-
ture-oriented messages. Infrastructure or context-oriented messages
form a background to make a natural involvement of the user into com-
munication based on task-oriented messages connected to the tasks.
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Tasks and reaction. A task is the most important component

which provides a feed-back, allowing the system to understand the prop-
erties and specific of the user and, as a result, to make the learning
process more flexible and effective. It is very important that the task-
oriented message could be connected to a number of tasks each of which
requires user’s involvement.

Can we say that only the group of tasks composes the core of the
scenario and the minimum set of required steps to pass the scenario is
the set of tasks? Not obviously, because some tasks can be connected to
the infrastructure messages and no one can give a correct answer with-
out them. Consequently, the core of the scenario (minimalistic version)
needed to pass the scenario by the user includes all tasks messages with
the required context. Getting the minimalistic version is very important
for the test-oriented users who don’t want to waste their time on a soft
involvement. Thus, we have defined an operation of getting a minimalis-
tic version of the scenario.

To understand the connection between the messages and the tasks
we have to separate the domains of tasks and the domains of messages.

iz =ger (@ we0™) 0t €Ty 0" €T, | (8)

—5

Hx Tdof (‘5’151 “”qu}qli €lnq™, € Qm, 9
dz — a message, Gx — a vector of tasks each component requires user’s
involvement.
Each task is a 3-tuple “task definition — a set of weighted correct
answers — a required time to perform the task”.
q7; =aer W47, P1o 1) (10)
A set of weighted answers forms a pattern P/ . Generally, the
pattern provides a set of pairs “expression - value”. An expression is not
always textual and totally depends on the domain it belongs to, i.e. if
the task connected with objects manipulation then the expression would
be an ordered set of actions. A textual expression should be considered

as a variant
Pl=gr {lsvlfseSlveQ)  Pe?P (11)

We should introduce an operation ¥ which can estimate a certain
expression against a pattern of answers.
v, as:(s,v) € P7

Y(s,q/,) ={G,HS:{S,'B?]'EP‘J.- (12)

68 ISSN 1562-9945



1 (108) 2017 «CucreMHBIE TEXHOJOTHUH »
A summary time needed to pass the tasks can be calculated in ac-

cordance with the formula

ty = ) (a’)
’ Z . (13)
We should also define an operation V{@z) which can get a vector

of estimations of the tasks ql; performed by the user.

7 =(g.). (14)
Thus, a message can be defined as a tuple
ﬁz =daf {&}EJEE]', (15)

And a task collection connected with the message can be defined
as

e =aer @erty), (16)
A set of tuples (M-.Tebe M; xR; forms the foundation of the sce-

nario, where i is a subset of the general set of scenarios B defined in
the system. Index i indicates, that the subset is selected for i-th sce-
nario.
M; =gq5 {Mizle €N} | (17)
Ri =gor {c|¥Te:3 0, 0 My € My, x, k EN} (18)
Modes. An important operation should be considered is the func-
tion of modes switching. The function allows to transform the basic ver-
sion of the scenario into a form convenient for a user, it can be regarded
as a key component of adaptation mechanism made system more flexible
and highly adoptable for different kinds of users. For example, it can
affect the speed of events flow, including/excluding the steps etc.
uppap = oli (19)
Hi - defines a transformation of j-th type which can transform the sce-
nario i into a form of o/;. Generally, we can talk about the vector of
transformations applied to a scenario in order to adopt it for the user.

Next step definition. The definition of next step performed by the ¥
component included in scenario playing procedure. It depends on the results
of user activities estimation (see (14)). Simple variant of the procedure takes
the next step from the ordered set of messages. More sophisticated one goes
in accordance with the scheme included a set of alternative flows directed by
the conditions based on the vector of estimations

y:CixFE—=C; | (20)
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where Fi — a scheme includes a set of alternative flows.

The final definition of scenario @i can be represented by the formulas
T; =def {ali:m 0:Ci i}, mg E Mf,a}i €D 21)
C;EM; xR;, (22)
where Mo denotes the initial message.

Summary. The given work represents a formal description of the sce-
nario of the scenario-based integrative language learning system. The de-
scription is presented in a compact form and based on mathematical back-
ground. It allows to understand the specific and potential can be achieved by
the system; a set of operations should be considered; phases of evolution of
such systems; make a flexible architectural solution. The similar mechanism
can be used for other scenario-oriented systems.
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