Jolanta Zieliska prof. Ph.D.,

The Pedagogical University of Cracow

Modeling Cognitive Processes in Disabled Children

The aim of the presented research is to answeraegaestions pertaining to the possibility of imping
educational opportunities of handicapped child\&fe intend to focus on the following question: slaothe
handicapped child's awareness of the surroundinddwie necessarily limited (as indicated by studiesied
out at special schools), or is it possible to edtiénhrough better educational activities?

The presented study focuses on the field of cagmitAccording to dictionaries, this area of knovgedieals
with the functioning of the human mind and attentptsodel the relevant phenomena. Cognition alsm$ahe
theoretical foundation for a research domain catledgnitive science- a multidisciplinary field which draws
upon such related sciences as cognitive psychologyrology, philosophy of the mind, artificial iigence
and linguistics.

The central tenets of cognitive science includeMdrdge representation, languages, learning,
mental processes, perception, consciousness, @ecmsking and intelligence (i.e. cognitive
intelligence).

The aims of cognitive science can be expressedllasvs:

e explaining intellectual processes,
« simulating mental processes with the use of conmpute

» developing various intelligent tools.

Basing on these assumptions, it seems highly b@akfo employ computers as a cognitive
tool in the course of education and mental devekygnof disabled children. The computer,
when used to model cognitive processes, may catesiiin important element of the child’s
educational space, enabling the child to succeesi@morizing and applying useful skills.
This ability is inexorably tied to the cognitive ofanisms of intelligence which underpin all
learning processes. When discussing effective ilegyrwe should focus on two distinct
aspects. The first is the duration of study. Acowgdto Bloom’s concept of imperative
didactics, every child can be taught to mastewargskill, although the time required to do so
varies from child to child. The second aspect is #bility of applying rational concepts,
which forms the cognitive expression of one’s iligehce. This ability relies on elementary
cognitive determinants, such as attention spannaehory capacity, but it also depends on
more advanced phenomena, including the child’snlagrstrategies [btka, 2003]. It is in
relation to this notion that computers play a alcole in the educational process and in
improving the cognitive opportunities of handicagmildren. In order to achieve success in



this field, two conditions need to be met. Firste wequire a suitable and properly
programmed computer. Secondly, a competent spediatation teacher, capable of using

such a tool, must be present.

2. The theory of information storage and processings a theoretical basis for modeling cognitive prasses
The theory of information storage and processingickv forms the theoretical foundation for the cqtse
presented in this paper, bases on the outcomeseareh in experimental cognitive psychology and mater
science [Vasta, Haith, Miller 2001]. This reseatm&ats humans as users of a symbolic language awittpacity
to process this language. It focuses on tracingdldive of information in response to a given taskg@ition can
be divided into a number of basic processes andtgverhich occur in a set order. These processgsde:
recognition, coding, searching, sorting, categogzideveloping links and coordinating various psecd
information. Information processing, when appliedhie problem of cognitive development, can beeldzack
to Piaget's theories which treat the child as divagarticipant in understanding the surroundingi®nment,
predicating its own actions on two distinct proessswhich shape cognitive structures. The firstthafse
processes is assimilation, i.e. extending existstgictures to cover new information. The second is
accommodation, i.e. modifying existing structuresrésponse to the emergence of new informationoor t
changes in its form, all the while preserving thietinal balance of cognition [Vasta, Haith, MilR301].

The models of cognitive development establisheth@écourse of research on information processieg-ain
comparison to Piaget's models — more indicativepacific areas of development, easier to verifyrenmrecise
and more complete (and thus significantly less gdheThey base on two metaphors: multistorage and
computer. The multistorage metaphor refers to #ugisntial memory model, which assumes that thet-stion
(operational) memory is a stage for a number oftpsipgical processes occurring between data inipeit (
stimulus) and output (i.e. reaction) [Vasta, Halifiljer 2001].

For example, if the stimulus is a hitherto unknomard, it first enters the aural register, in whitis held only
for a short period of time (approximately 1 secoriybsequently, it is forwarded to short-term menior
active and conscious processing. The durationisfdtiep is typically on the order of several secofugh to 30),
but it can be extended with the use of suitablenieg strategies. The next step involves transfgrthe word to
long-term memory, to be stored there indefinitélfus, the long-term memory is the primary vocabular
storage mechanism for each individual. In childrétih hearing impairments, the presented procedsrigiled at
the very beginning — i.e. during the sensory ingtailge. This necessitates replacing the malfunctipaural
receptor with a substitute — for instance, its &lsequivalent. Subsequently, appropriate strategéesl to be
employed to ensure that the word is properly cotemhito the child’'s memory and preserved in the {tarm
vocabulary store [Vasta, Haith, Miller 2001].

Applying predetermined strategies when dealing witkabledchildren may prove difficult and requires help
in the form of stepwise algorithms or repeatabl®acschemes. The task must be clearly definedsemidtured;
its repeated execution should lead to behaviortédraation and create cognitive synergies betweestag!
events. Tracing the consistencies and inconsisericiolved in this process enables us to categarizl define
cognitive changes in children [Ziatka, 2004].

To summarize, we can say that proponents of thanmdtion processing theory aim to capture and deser

coherent flow of information through the human dtiga system, in order to fully and accurately dése the



processes which separate external stimuli fromreateresponses. Thus, an important aspect of ngfitihe
cognitive field is the development of cognitive pess schemes, with particular attention devotadda@asing
the role of conscious control (both actionable amdluative) in their execution. This leads us te issue of
gathering, organizing and presenting the availatfte@mation [Meadows 1997].

3. The computer as a cognitive tool in the disablechild’s educational space

The educational uses of computers are manifold. lLovens help create rich and diverse study enviransne
introduce novel modes of communication and effeftiralamental shift from passive assimilation of wiexige
to actively seeking useful information. When apglte a child’s educational space, the use of coeiputlls
into two mutually complementing categories: theyp && treated as modern tools of work or as moderlys
aids (in the wider context of multimedia systeniE)e former case enables children (particulaligabled
ones) to execute tasks in a faster and more etfficmnner, while the latter deals with augmenting #ocusing
the processes of gathering and processing actienamwledge. Thus, computers facilitate generatine
constructive cognition, enabling the child to acguirocedural and contextual skills [Siemienie@kiQ2]. This
function is directly related to the use of compsitas study aids and cognitive tools — an applindtald which
is still lacking in modern educational practicespige the improving availability of computers ahgols.

Both the human cognitive system and computer a&chites are capable of processing stimuli and géngr
responses in a systemic and intelligent manness &bhility requires access to preexisting informagmd well-
defined rulesets. Here, the application of computaay be discussed on several distinct levels. mbst
general level is analogous to the human cognitreegss in general. Both humans and computers syonbolic
representations of knowledge and apply specifies;usome of which may be subject to modificatioresr dime.
These representations and rules are used to sabdems in a rapid and efficient manner, but atshme time
impose some constraints on the types of problemghwmay be solved (a comparative study of these
constraints, while an interesting subject in itselfoutside of the scope of this paper). The fexel covers the
application of computer-related vocabulary to diédeg concepts and events. The final, most spetéiel,
involves computerized simulations of human behavidiis method is used to explain the cognitive peses
which shape the way in which humans perform spetétks. For example, when considering linguistitss
complex human behavior may be simulated via appatgly complex computer programs. Such programs
attempt to determine the rules which govern natlaadjuages, as well as the principles through whiciall
children are able to master the use of a languagegiven period of time. They can also establisithematical
and formal descriptions of linguistic processesistproving that such processes are feasible irtipead hese
models have played an important part in theoretitaties, but have not yet gained widespread sfigent
acceptance, due to the fact that they are neclyssiamiplified and sometimes contrary to empiricekervations
[Vasta, Haith, Miller, 2001].

Both the concept of intelligence and the functignaf intellectual processes may be divided intor faspects,
equivalent to four levels of information processifidne first aspect relates to the efficiency of trervous
system (i.e. the speed and reliability of transmgtimpulses). The second covers the speed of psotg actual
information. The third involves processing stragsgii.e. selecting appropriate elements of theitiegrprocess
and creating mental constructs which corresporaddiven task. The final aspect includes the abittgvaluate

and control one’s actions fidka 2003].



The process of learning calls for the executiom @pecific task, presented to the person who wishésarn.
Being a latent process, learning cannot be diretilserved; it is, however, possible to evaluatentia@ner in
which the given task is executed by the individd&lus, information can be committed to memory iitespf its
apparent absence in the conscious field. Such mEbon may later become expressed under suitable
experimental conditions (or given suitable interpedcessing mechanisms). This process is sometiens®ed
“counterforgetting”. It is not a rarity, much likdhe process of information erasure and the corretipg
reduction in the operating memory capacity (itsetésult of storing information acquired duringlieaiearning
attempts). Information may be expressed throughuiee of computers which help model cognitive preess
associated both with the acquisition of knowledge s subsequent practical use. The most impoaspect of
this mechanism is diagnosing the manner in whigivan type of disability affects the cognitive pesses of a
person (in comparison with a healthy individualhisTknowledge enables us to develop compensatisunes,
with the use of suitably programmed computers, ergptrained educational experts and proper algort of
action. In this environment, the programmer playty @ supportive and technical role, while all ¢cremaspects
remain under the control of the teacher, caregaret validator (who — naturally — needs to be prepao
assume this responsibility).

4. Summary and conclusions

While the principal responsibility of a teacher rgpgaularly one working with disabled
children) is to create a rich information enviromnand stimulate the activities of the pupil,
it is important to note that scientific modeling @ignitive processes may exert a beneficial
influence on these activities. Such modeling deais designing (or even enforcing — in the
case of handicapped individuals) appropriate sir@seof cognition. It requires a suitably
equipped computer and an algorithm of action, basethe results of scientific research in
the area of information processing and storagdéytiman cognitive system.

The ability to describe intellectual processes (@hielude direct observation) may
significantly improve the effectiveness of educasiband validation-oriented activities. The
subject is a complicated one, posing significarallenges both from the methodological and
applicative points of view, although the impactioformation processing theories on this
field remains significant. Such theories have tfarsenjoyed considerable success (which is
the focus of this paper), although they are nobakwf drawbacks — namely, their relatively
narrow and highly specific scope, their laboratlke- artificiality and lack of account for a
wider social context. All of these disadvantages difficult to resolve in the context of
education — a notoriously complex setting, assediawith many chance events and
unquantifiable phenomena. A potential way to apghothis problem is to strive for deeper
theoretical understanding and a thorough, meth@itdbapproach. This, in turn, calls for the

formation of interdisciplinary research teams, psss1g in-depth knowledge of the problems



and challenges faced by handicapped children, alitly the will to assist them in their
learning process. It is important for such exptrtise able to collaborate with one another.

In order to assist a disabled person, we must @insterstand his or her needs. This is not
always easy. abnormal development should not bdused with normal development
occurring under abnormal circumstances (both whearpreting the results of scientific
research and in daily educational practice). Weehttyat ongoing research in the area of
human cognition and further advances in computéense will ameliorate the present
situation and prevent educational experts from cdtmy this error, thus enabling them to

better understand and meet the needs of handicapgigdiuals in a real, measurable way.
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