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METHOD OF INCREASING AUTOMATED SYSTEMS’ RELIABILITY
AND EFFICIENCY USING ADAPTIVE USER INTERFACES

AND DOMAIN MODELS BASED ON THE USERS’ COGNITIVE
CHARACTERISTICS AND WORK PROCESS’ SPECIFICS

In modern automated systems users are often facing the information overload problem because of ever

increasing volumes of information requiring treatment in short time. Working in these conditions affects the
system operator s work quality and the systems’ reliability. One possible approach to solving the information
overload problem is to create personalized interfaces that take into account the user s information management
particularities. System operator s features, which determine their preferred information representation shape and
pace, form the user s cognitive portrait. Cognitive portrait is built as a result of user interaction with the software
diagnostic tools that are based on the cognitive psychology methods. The principles of construction and man-
agement of the automated systems’ Ul (responsible for a form of presenting information to the user) and domain
(responsible for a structure of presenting information to the user) models are considered as components of the
complex of means for managing user s informational interaction with the automated system management means,

adapting this interaction to the user s individual characteristics and work process specifics.
Key words: automated system, informational interaction, user interface, interface adaptation, cognitive

portrait, domain model.

Introduction. User interaction with information
in the automated system is conducted through system
generating an information flow [3—5] that the user
perceives and processes (fig. 1).

Based on received information users make some
decisions using their own skills and knowledge in
long-term memory (LTM), that are transmitted via
the user interface to the system, changing its state. Set
of Ul management elements is determined by the spe-
cific workflow tasks and user’s characteristics. The
flow of information from the system is formed with

regard to the user’s requests to the system, current
workflow step and user interface’s output elements
through which data will be displayed for the percep-
tion and processing of the user. Each of the partici-
pants and the elements of information exchange has
a number of features, by managing which the process
can be adapted to the specific user and the specific
situation in the workflow.

Information flow parameters and adaptation.
Information flow I from the system can be described
as a set of parameters:
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Fig. 1. User-system informational interaction scheme
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I=(T,F,C,D), (1

T—pace of presentation, F'— data format, C — infor-
mation complexity, its connectivity to other blocks of
data, D — transmitted data.

Pace of presentation is a qualitative characteristic
that can be set to 7 = <“low”, “medium”, “high”>.
The pace of presenting information in automated
systems can be managed in non-critical situations by
changing the flow intensity depending on the accept-
able level of information load. The users’ optimal rate
is determined by their ability to respond quickly to
data from the system, and the current level of fatigue
and concentration.

Data format F can be “text”, “graphic”, “spread-
sheet”, “audio”, “mixed”. In general, data format is
defined by the user interface’s output elements, yet
if there is a possibility of changing this set according
to users’ needs and demands presentation format can
also be adapted to the users’ characteristics (their cog-
nitive portraits).

The complexity of information — a complex value,
which takes into account the links between data blocks
in the domain model, the data links amount involved
in presenting current portion of data, its overlapping
with the user’s knowledge model

data blocks,

<cf>l_ ,i=1n, j=1,n, j#i —i"data block’s connection
vector.

Parameter D is a portion of data transferred to the
user in the particular workflow episode. This portion
may correspond to one domain data block or it may
consist of a set of blocks or a part of a single block,
depending on the user-system interaction script.

In most modern automated systems user-system
interaction is defined by the following algorithm (fig. 2).
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Fig. 2. User-system information interaction

To perform information exchange adaptation the
algorithm in fig. 1 should be modified to allow consid-
eration of specific users’ and workflows’ characteristics.

As adaptation criterion the users’ cognitive portraits
are considered, as adaptation object — data presentation
form and pace (information flow characteristics).

If the user-system informational interaction pro-
cess’s adaptation and personalization is considered
as controlling parameters of an information flow (1),
we obtain a modified information exchange, shown
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Fig. 3. Adapted user-system information interaction
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Information exchange adaptation and personaliz-
ing is performed at the stage of information flow’s
forming (managing parameters T and C of model (1))
and at the stage of data output through user interface
(managing parameter F). Information flow’s param-
eter D depends on the specifics of the overall work-
flow, and on the current users’ specific goals.

Managing data output through personalized
user interface. User interface in automated systems
is considered as a set of elements Ul =(E,), i = Ln,
each output element

E[:<<x,y>f,7?,6,>,j:1,m, 3)

(x,y) — output element’s corner coordinates;
T,— i" element’s output type; ¢, — i’ element’s weight
(importance) for the user.

The set of values of 7; in model (3) coincides with
the set of values of parameter /' in model (1), and it
is the type of available output elements which deter-
mines the preferred output data format on the infor-
mation flow’s formation stage.

Output element’s weight is defined by the work-
flow’s specifics. Critical elements display informa-
tion, loos of which to disruption of the workflow or
inability for the user to correctly process information
from the system.

Managing output elements’ position and type
allows creating personalized user interface for adapt-
ing the user-system information interaction. Critical
output elements output must be present in the user
interface, regardless of its adaptation.

Desired output element types are defined by the
users’ cognitive portraits’ characteristics.

Cognitive portrait is a set of user characteristics.

CP = ((Cogn,).(PP,).(Int,}). i =T.m, j=Ln. k=1p, (4)

Cogn; — cognitive users’ characteristics; PP, —
physiological characteristics; Inf, — intellectual char-
acteristics.

Cognitive portrait’s characteristics define optimal
for on-screen data presentation number, type and rel-
ative position of user interface output elements.

These characteristics are divided into cognitive,
physiological and intellectual.

Cognitive characteristics largely determine the
speed at which the user is guided in the new informa-
tion and switch between different types of activities.
They are field dependence, equivalence range, impul-
siveness and intellectual lability.

For each of these characteristics within cognitive
psychology have been developed appropriate diag-
nostic techniques, many of which are sufficiently for-
malized to be implemented as a part of the automated
characteristics diagnostic subsystem.

To assess the psychophysiological state of the user
often are uses options such as his attitude to risk, quality
of memory and attention. In this case, the testing impact
reaction time and the responses errors should allow to
evaluate concentration and coordination of user actions,
because these depend on personal characteristics [1].

Intelligent features include the level of 1Q and
EQ (intelligence and emotional intelligence quotient,
respectively) [2]. Although the coefficient of emo-
tional intelligence is associated with the value of 1Q,
there is no direct relationship, namely the value of EQ
determines predisposition to creativity when working
with information. This characteristic is very impor-
tant for users of design and training systems.

Nowadays cognitive portraits of the automated
systems users are created based on professional psy-
chological testing. But this method has two major
drawbacks. First, it requires the participation of a
professional psychologist, and the number of auto-
mated systems and their operators is growing faster
than in an equal number of professional psycholo-
gists can be prepared. Secondly, this testing is not
operational, it is a separated from the user's work
process and workplace.

Both of these drawbacks can be eliminated by
introducing an automatic testing subsystem into the
interface adaptation system. Scheme of a possible
implementation of this subsystem is shown in Fig. 4.

User testing is conducted both explicitly (during
performing of tests) and in the background when on
the computer workstations are monitored indicators
such as speed of action or response to the changing
situation. In both cases, user characteristics informa-
tion is treated by a separate testing system module
and supplements or modifies an initial cognitive pro-
file that is used for further user interface management
system work. This way — through modifying user
interface and observing the performance changes
with it (which is reflected in increasing responsive-
ness and reducing the number of errors when dealing
with information) can the finite number of steps of the
iterative process be taken to optimize the form of the
interface for a particular user (in the case of interfaces
with automatic adjustment).

Using domain knowledge model to manage
information storage form. To enable further flexible
information interaction adaptation it is advisable to
manage not only presentation form, but the pace and
intensity of information flow. This requires the ability
to manage blocks of information, knowledge system
organization, personalized learning programs.

Existing knowledge communications systems can
be characterized by four basic components: expert
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Fig. 4. Users’ characteristics’ diagnostics system

domain knowledge (domain model); user model;
expert knowledge of teaching method (interaction
script); user-system interface.

Knowledge model (2) performs a dual function.
On the one hand it is a source of domain knowledge
that is provided to the user in portions, on the other —
it sets the desired standard for the users’ current
knowledge level evaluation. Domain model has an
important place in the process of scripting user inter-
action with the information and in the management of
information flow characteristics within decision-mak-
ing metascript in automated systems. In automated
learning systems knowledge models are connected to
the discipline’s lesson plan, which provides both the
knowledge blocks’ contents and the order in which
the users access these bloks.

User model is generally an incomplete modified
model domain knowledge model (2) and is designed
mainly to anticipate users’ behavior for its interpreta-
tion. The ideal user model must make accurate pre-
dictions of the behavior of any user in any domain
context. For example, a set of possible responses to a
block of data from the system.

With the user model’s concept a diagnostic process
is often associated — adapting the user model based
on the data obtained through user-system dialog. In
automated learning systems prior progress checks’
results for particular students can be used — providing
information regarding learning course segments work
should be currently focused on.

Interaction script determines which piece of data
and at what time will be transmitted to the user. In
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the most general case the interaction script is not hard
coded and is derived based on the current situation
and the deduction method, stored as a set of princi-
ples or rules. The adaptation is based on predicting
users’ responses, generated by user models, users’
real reaction and relations between the workflow epi-
sodes stored in the domain model.

Interaction scripts may vary in relation to the
degree of “freedom” given to the user, and can range
between two extremities: full control of all user
actions and guiding users through workflow episodes
workflow — or complete freedom of user’s naviga-
tional activity and giving requests-based recommen-
dations.

Fig. 5 illustrates relationship between these four
basic concepts of knowledge communication.
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User system interaction’s script construction and
modification takes into account the interaction script,
based on the users’ model and their actual behavior
when processing previous information blocks taken
from the domain model.

Conclusion. By using models of user interface,
users’ cognitive portraits, domain and users’ knowl-
edge is it possible to perform flexible adaptation and
personalization of user-systems interface. Such adap-

tation involves modifying not only data presentation,
but also data storage and he script of the interaction
itself based on the workflow specifics and the users’
preferences. This results in fewer mistakes when per-
ceiving and processing information and lower stress
levels for the users. When used in the learning pro-
cess, such adaptation and personalization allow to
improve both testing and studying efficiency for each
particular student.
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METO/I HIIBUIIEHHSA HAJTIHHOCTI TA EOEKTUBHOCTI ABTOMATHU30BAHUX
CHUCTEM I3 BUKOPUCTAHHSIM AJIJAIITUBHUX IHTEP®ENCIB KOPUCTYBAUA
TA MOJIEJIEH JOMEHIB, 3ACHOBAHUX HA OCOBJIMBOCTSAX INI3HAHHS
KOPUCTYBAUIB TA CIIEHU®ILI POBOYOI'O MTPOLUHECY

B cyuacnux asmomamusosanux cucmemax Kopucmyeayi 4acmo CMuKaiomscs 3 npoonemoio ingopmayiti-
HUX nepesanmanicetsb yepe3 nOCMmitiHo 3pocmaroyi obcsaeu ingopmayii, wjo nompedyroms 0OpodKu 6 KOpoOmKutl
mepmin. Poboma 6 yux ymosax 6niugac Ha sKicmv pobomu onepamopa CUCmemy ma HAOIUHICMb CUCHIEM.
OO0HUM i3 MONCIUBUX NIOX00I8 00 BUPIUIEHHSA NPOOLEMU NEPeBAHMAdICeHHs THopMayii € CMEoperHs nepCcoHa-
J308aHUX iHmepelticia, AKi paxogyroms ocobaugocmi pobomu kopucmysaia 3 ingpopmayiero. Ocobrugocmi
onnepamopa cucmemu, siKi 8U3Ha4arms Qopmy nodanHs ingopmayii ma it memn, GU3HAUAIOMb KOZHIMUGHUL
nopmpem xopucmygaya. Koenimugnuii nopmpem 6y0yemubcsi @ pe3yavmami 3amMo0ii Kopucmysaia 3 npo-
SPAMHUMU 3Ac00aMU OIA2HOCMUKY, WO TPYHMYIOMbCA HA Memooax KoeHimueHoi ncuxonozii. Ilpunyunu noby-
008U Ma YNpasiinHs IHmepoetcom asmomamu308anux cucmem (8ionosioae 3a ghopmy npedcmasieHsi ingop-
Mmayii kopucmysauesi) ma domMeHHOI Mooeli (8i0nosioac 3a cmpykmypy nooanust ingopmayii Kopucmysauy)
PO3271510A10OMbCSL AK KOMIOHEHMU KOMNIIEKCY 3aco0i8 ynpaegninHsa iHQopmayiiHow 83aEMOJIE0 KOPUCHY8aud
3 3ac00aMU ABMOMAMUZ08AHOT CUCTNeMU YNPAGTIHHA, A0ARMYIOYU Y0 83AEMOOTI0 00 IHOUBIOYANbHUX 0COONU-
socmeil Kopucmysaia ma cneyughiku pooo1ozo npoyecy.

Knrouosi cnosa: asmomamusuposana cucmema, ingpopmayivina 63aemMo0is, Kopucmyeaybkuil inmepgetic,
aoanmayis inmepgelicy, KoeHimueHul nopmpem, 0OMeHHa MOOeb.
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METO/J MOBBIINEHUS HAJEX KHOCTHU U D®PPEKTUBHOCTU ABTOMATHU3NPOBAHHBIX
CHUCTEM C UCITIOJIb30BAHUEM AJIAIITUBHBIX MOJIB30BATEJILCKUX HHTEP®ENCOB
W MOJIEJIEM ITPEAMETHOM OBJIACTHA, OCHOBAHHBIX HA KOTHUTUBHBIX
XAPAKTEPUCTHUKAX MOJB30BATEJIEM © OCOBEHHOCTSAX PABOYEI'O ITPOIIECCA

B cospemennbix agmomamusupo8anHbix CUCMEMAX NONb308AMeENU YACMO CMAIKUBAIOMCI ¢ NPoOIemMou
UHDOPMAYUOHHOU nepecpy3KU U3-3d NOCMOSHHO pacmyuux 06vemos uHgopmayuu, mpeoyrowux oopabomxu
6 Kopomkue cpoku. Paboma 6 smux ycioeusx énusem Ha Kawecmso pabomuvl onepamopa cucmemvl u Hao-
earcnocmo cucmemvl. OOHUM U3 BO3MONCHBIX NOOX0O008 K PeuleHUIo npodiemsbl UHPOPMAYUOHHOU nepespy3Ku
ABNAEMCA CO30aHUE NEPCOHANUSUPOBAHHBIX UHMEPPENCO8, YUUMbIBAIOWUX OCOOEHHOCMU NOIb308aMeis o
pabome ¢ ungopmayueu. OcobeHnocmu onepamopa cucmemvl, KOmMopwvle Onpedenson npeonoumument-
HYIO hopmy u memn npeocmasienus UHGoOpmayull, GOPMUPYIOm KOSHUMUGHbII NOPMpPem Noab308aAMeIs.
Koenumuenwiii nopmpem cmpoumcsi 6 pe3yiomame 63auMo0eticmsus NoIb308ames ¢ RPOPAMMHbIMU CPeo-
cmeamu OUAZHOCMUKU, OCHOBAHHBLIMU HA MEMOoOax KOZHUMUGHOU ncuxonocuu. IIpunyunsl nocmpoenus u
VAPABIeHUs. MOOeNAMU NONb308AMENbCKO2O UHmMepelica asmOMAmMU3UPOBAHHBIX CUCeM (0M8emcmeeHHbIX
3a ¢hopmy npedcmasierus UHGOpMAYUU NOAL308AMENID) U OOMEHHBIX MOOeell (0meeuaowux 3a CMpPyKmypy
npeocmasnenuss UHGopmayuy noab308amento) pacCMampusarmes: KaKk KOMNOHEHMbl KOMNIEKCd Cpeocme
VApagaeHUs UHGOPMAYUOHHBIM B3AUMOOEIICMBUEM NOTb308AMENS CO CPEOCNBAMU YNPABTEHUS A8MOMAMU3U-
POBAHHOU CUCMEMOlL, a0anmupyloujue 3mo 63aumooelcmeue K UHOUBUOYATbHbIM XAPAKMEPUCUKAM NOb30-
eames u 0COOeHHOCMAM paboue2o npoyecca.

Knroueswie cnosa: asmomamuzuposannas cucmemd, UHGOpMayuoHHoe 83aumooelcmeue, noab308amens-
ckuil unmepdghetic, adanmayus unmepgetica, KOZHUMUBHBLI NOPMPen, OOMEHHASL MOOEb.

Tom 30 (69) 4. 1N2 32019
190



