From Classic User Modeling to Scrutable User Modeling

Giorgio Gianformé, Sergio Miranda, Francesco Orciudliand Stefano PaoloZzi

! Dipartimento di Informatica e Automazione
University of ROMA TRE, Rome, Italy

2 Dipartimento di Ingegneria dell'lnformazione e Matematica Applicata
University of Salerno, Fisciano, Italy

Abstract. User Modeling still represents a key component for a large number of
personalization systems. Maintaining a model for each user, a system can suc-
cessfully personalize its contents and use available resources accordingly. On-
tologies, as a shared conceptualization of a particular domain, can be suitably
exploited also in this area. In this paper we explain some concepts about user
modeling, particularly focusing on scrutability and its importance in ontology-
based user modeling systems.

1 Introduction

In a world where information increasing constantly, the challenge is not only to make
information available to people at any time, at any place, and in any form, but specif-
ically to say the “right” thing at the “right” time in the “right” way. User modeling
researches try to address and solve these issues.

User modeling is one of several research areas that intuitively seems to be winning
propositions based on their obvious need and potential “return of investment”. Indeed
as systems have became increasingly more complex in terms of large amounts of infor-
mation to be conveyed and a wide range of task structures, it is important that a system
should be able to provide effective guidance and assistance to enable the user to make
full use of the available functionality. Moreover, given the variety of users of such sys-
tems, the fact that different users will not all have the same problems or needs, and that
a user’s level of expertise is likely to change over time, it is desirable that interfaces
to complex systems should be able to adapt to and support the requirements of indi-
vidual users. Thus an information-providing system could tailor the form and content
of information provided to users according to its assessment of what the users need or
wish to know, while a dialogue module could construct the human-computer interaction
according to the users’ preferences.

In this paper we analyze the characteristics of actual user modeling systems and
their importance in human-computer interactions. Moreover, we explain the details of
a fairly new concept in user modeling called scrutability: the ability of analyzing and
eventually modifying a user model by its user. Finally we discuss about the role of
ontologies in user modeling also in according to the scrutability concept.
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The rest of the paper is structured as follows. Section 2aéxgthe main concepts
of modern user modeling, describing the characteristiegsuger model. Section 3 de-
scribes the importance of user modeling in the human-coenpateraction field. In
Section 4 the concept of scrutability and its importancesierunodeling are described.
Section 5 are devoted to the description of the ontologyiroderutable user modeling.
Finally Section 6 concludes.

2 User Modeling Analysis

The termuser modelingias been applied to the process of gathering informationtabo
the users of a computer system and using this informationdwigle services or infor-
mation adapted to the specific requirements of individuatsiéor groups of users).

A “perfect” user model would include all features of the usehavior and knowl-
edge that affect their learning and performance [20]. Tarmation, contained in the
user model determines the adaptability of the system. @aetstg this kind of model
is quite complex task, even for people not only for machitiess simplified, partial
models are used in practice.

The term user model has been used in several different wagstificial Intelli-
gence (Al) and Human-Computer Interaction (HCI) and it ipartant to clarify these
differences at the outset. According to software desigmiteslogy, the term 'user
model’ usually refers to the designer’s model of the useth@kystem, either in fairly
gross terms, such as their expected level of proficiencyayerspecifically in terms of
the models users may have of the system and of the proceduadgdd when interact-
ing with the system.

These models can be identified as the users’ system modelhandsers’ task
model [10]. Generally speaking, designers models of usersrlicit and thus are not
represented explicitly within a computer system. This tgpmodeling is usually done
once only, at the design stage of a system, so that any uipetéd user characteris-
tics or any changes in user characteristics over time cdratcommodated without a
complete re-design of the system. A more refined system isvbiah isadaptablethat
is system where a user can make choices among various ottaireffect the system’s
behavior and can save these choices for future referencegargrofile. However, the
most complex (or even sophisticated) kind of system, iadaptivesystem which au-
tomatically acquires knowledge about its users, updatekttowledge over time, and
uses the knowledge to adapt itself to the different usensireiapents.

The two main features of a user model in an adaptive systerbeaommarized as
follows. First of all, the user model can be viewed as a kndg#esource of information
about users, which contains explicit assumptions on thegeds of a user that might
be relevant to the interface of the system. Secondly, a uselehtould also be used
to simulate the user activity, for example, to predict tHfeafof an action of the user.
User models have been employed in this way in intelligemiring systems and also to
provide anticipation feedback in natural language diatogystems [5].
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2.1 User Model Characteristics

Three main characteristics can be considered for the defirgf a user model. Namely
they are:

— what information about the user is included in the model aowd ihcan be obtained

— how we can model the user representation in the system

— how we can distinguish between a model for individual useraamodel for classes
of users

We described these aspects in the following.

Information About the User. Information about the user, which is usually saved in
the user model, can be divided in static (i.e they remaintemshrough the learning
process) and dynamic (i.e. they can change during the leaprbcess).

The static part of the user model includes user’s persorabcieristics (e.g. age,
gender, level of instruction, etc.), user’s capabilitiegy( background knowledge, cog-
nitive and non-cognitive abilities, etc.) and user’s prefees. These characteristics are
usually analyzed at the beginning of the learning procesinguinterviews (e.g. online
guestionnaires) and different tests [6].

The dynamic part of the user model includes user’s knowleclyecepts and skills,
learning style, motivation, viewpoints, current goalsard and believes, learning ac-
tivities that have been carried out, etc. The informationdevising this part of the
user model are gathered directly from users (e.g. spedificaf current goal), through
tests and practice (e.g. test results, user history of resgsoand problem solving be-
havior), or user’s actions (browsing behavior, visitedaapts, time spent on page, total
session time, selection of links, searching for furtheojmfueries to the help system).
This information is constantly collected during the leamprocess and is also used for
updating the user model.

Itis also possible to distinguish between explicit infotima acquisition (EIA) and
implicit information acquisition (IIA) in user modeling.IE& usually refers to the ad-
dition of new information to the user model on the basis obinfation gathered from
an external source. This external source can be represdotegikample, by a user
interacting with the system or a user such as a team manageswéporting the char-
acteristics of an employee or groups of employees to thesystA refers to inferring
user model information on the basis of the knowledge avalalithin the user model
and rules of inference that are applied to this knowledgés Kimd of information is
usually acquired incrementally. Examples of 1lA and EIA gieen by user-driven ac-
quisition (in which the system passively acquires infoliorafrom user actions) and
system-driven acquisition (in which the system identifidsatvinformation is needed
and seeks to acquire it), respectively.

Representation of the User’s Information. Different methods can be used for con-
structing the user model. They may include:

— Bayesian methods,
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— Machine learning methods (rule learning, learning of philitees, instance-based
learning),

— Logic-based methods (first order predicate calculus),layenethods,

— Stereo-type methods [17] [7],

— Specifically developed computational procedures (usgpsrise is calculated from
their navigational actions or time spent on documents),

— Specifically developed qualitative rules and procedurpedial rules regarding
user’s properties or behavior),

— Other general methods (plan recognition)

In real application a combination of two or more methods exjérently applied,
especially when different methods are used for initiatizand maintaining the user
model. This grants more accurate modeling and allows bexgloitation of gathered
information.

Constructing and Updating the User Model. The methodology for exploiting the
user model is, in some way, similar to the user modeling cangon methodology.
Moreover, we can use well-known methods from artificial llidence and machine
learning (e.g. Bayesian networks, rule learning, insteecged learning, learning of
probabilities, logic-based and heuristic), as well as oglemeral techniques and princi-
ples (e.g. plan recognition), specifically developed cotatanal procedures or specifi-
cally developed qualitative rules (e.g. rules for selertind evaluating examples, rules
for choosing adaptation type and rules for choosing ques}io

Classes of Users vs Individuals.Grouping together classes of users, according to
shared characteristics, has been a widely applied tecamiguser modeling and it is
related to the topic of stereotypes [17] [15]. Stereotypeside a way of reducing to
some extent the problem of the unique modeling of each iddaliuser as we can use
stereotypes to fill in the background information on a persben we know only few
details about them [16].

We can also refine the distinction between individual usatsgroup of users in
terms of the number of agents to be modeled and the numberdélmdsenerally, we
assume that the user model refers to a model of the personeahy uses the system.
However, a system may also be required to model other peegdhe same time [19].
For example a manager may want to ask a system about chisticsesf employees.

3 User Modeling in Human Computer Interaction

We have already mentioned that the user modeling probleohied two main research
areas, i.e. artificial intelligence and human-computeraxttion (HCI). For the purpose
of this paper we are more interested in HCI.

A key objective of HCI researches is to make systems mordeigabre useful, and
to provide users with experiences which are strictly reléetheir specific background
knowledge and goals. The challenge is not only to make inétion available to people
at any time, at any place, and in any form, but specificallyaiptee “right” thing at the
“right” time in the “right” way [18].
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Some HCI researchers have been interested in user modeldagyige there is the
potential that user modeling techniques will improve thékadmrative nature of human-
computer systems [2]. In HCI the different kinds of inforioatrepresented in a user
model are usually concerned with the user’s cognitive siylé personality factors.

The main objective in HCI is to provide a “dialogue” adaptedhe requirements
of the user and to the particular task which the user is ctiyremgaged in. Thus, in
addition to a user model, a task model is required which dsseboth the physical and
the conceptual aspects of a domain [1]. While the task medelatively stable, the user
model, which includes the user's mental model of the domagthits task structure, is
likely to change dynamically as the user interacts with tyetesn. A requirement on
user models in HCI is that they should be psychologicallgvaht, and this aspect is
generally validated empirically in experimental studi€hkis information about users
may be used in a predictive way to assist system designerssigrda system with
user requirements in mind; however, recent work in HCI hankmncerned with the
automatic adaptation of computer systems to their usersiasdhus converged with
one of the main concerns of Al.

Recent studies relate user modeling with the new reseagehodirmultimodality”.
By definition, “multimodal” should refer to the use of morathone modality, regard-
less of the nature of the modalities. However, many reseasahse the term “multi-
modal” referring specifically to modalities that are comdyamnsed in communication
between people, such as speech, gestures, handwritingaaadMultimodality seam-
lessly combines graphics, text and audio output with speest, and touch input to
deliver a dramatically enhanced end user experience. Wirapared to a single-mode
interface in which the user can only use either voice/audiosual modes, multimodal
applications give them multiple options for inputting areteiving information. The
term “modality” is used to describe the different ways of igti®n within a computer
system, in which the same user input can produce differenuftsedepending of the
state of the computer. It also defines the mode of commubpitaitcording to human
senses or type of computer input devices. In terms of huntasesehe categories are
sight, touch, hearing, smell, and taste. In terms of compuofaut devices we have
modalities that are equivalent to human senses: camegis)(diaptic sensors (touch),
microphones (hearing), olfactory (smell), and even tdsteddition, however, there
are input devices that do not map directly to human sensgboked, mouse, writing
tablet, motion input (e.g. the device itself is moved foenatction), and many others.

In the field of HCI with reference to user modeling it is im@ont to distinguish
between the concepts aflaptiveandadaptable An interesting comparison between
these concepts are sketched in [2] and reported in Figured gso [13] for more
details).

4 Ontology and User Modeling: Scrutable Models

In the last years the concept of “scrutability” arises, aeeting ontologies and user
modeling more deeply. A user modeling system is cafieditableif users can not
only examine the data in their user models, but also the psasethat use that data for
personalization.
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Adaptable Adaptive
Definition user changes (with substantial system dynamic adaptation by the system to
support) the functionality of the system current user and current task
: contained in the system; presented in
Knowledge knowledge is extended different ways
models of user, dialogues and tasks,
Mechanisms layered architecture, domain models and | knowledge base of goals and plans,
Required domain-orientation, design rationale incremental update of models, powerful
matching capabilities
Application information retrieval, end-user ;r;zggﬁzhgir}f::::‘ilaall::I:(s:(t:]r‘]{:tti‘:;s user
A ips e a i s s
Domains modifiability, filtering, design in use interface customization
users is in control, users know his task little or no user effort. no special
Strengths best, success model exists, system ’, pe
knowledge will fit better knowledge of the user is required
gsr:‘err;ﬁec&r::r;n:::jp::g aer,nuzﬁreeasmg loss of control, users have difficulty
Weakness plexity developing a coherent model of the
adaptation component), users must do x X
substantial work system, few (if any) success models exist

Fig. 1. Comparison between Adaptable and Adaptive systems.

Scrutability means that the user should be able to expleraskr model and model-
ing processes. It is fairly clear that the most importansoegor scrutable user models
is the possibility for users to know what information a syst®@aintains about them.

An important characteristic of this kind of user modelinghat a scrutable user
model enables the user to check and correct the model it$8# is a critical argument
for scrutability, and it relates to the previous one statimg users right to know what
the system stores about them. Often, it is simple to gather medeling information
from the analysis of that part of the users behavior whiclbseovable by the machine.

To understand the importance of this models feature, lebasider the following
scenario: a user allows another person to use his/her systeount: the inferences are
no longer about the individual we intended to model. The nwdecuracy can also be
affected by people giving the user advice: someone mighttihe user to type a series
of complex commands. This could result in a user model witinancurate picture of
the users behavior. If users can easily check the user ntbdglcan correct it.

Making a model scrutable ensures that the user can see atrdl¢ba bases of the
systems inferences about them. Anyway, there is a potgmtalem in allowing users
to see and alter the user model. Indeed, they might just decitle to the system and
create a model of themselves that they would like to be ateuparhaps they would
like the system to show them as experts. Another typicah8dn is the presence of a
“curious” user who might simply like to see what happens ilshe modifies his/her
user model. It is clear that there is a concrete possibitiat tisers may corrupt their
user model, therefore it must be taken into account in désighe representation and
support tools of a system.

However this possibility of user models corruption, it i mosufficient reason to
prevent users from controlling the systems model of them.
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There are, obviously, differences between machines anplgpebhese differences
introduce the possibility for user-adapted systems to pea@ally effective in some in-
teractions. In particular, the processes controlling ar-aslapted computer system are
normally deterministic. On the contrary, in human-to-hanrdgeraction, the processes
behind actions may not be accessible. Although the mactanaat really know the
users beliefs, it should be possible for the user to know thetrimes beliefs, especially
the beliefs contained in a explicit model of the user. Inaodiration (or co-operative)
systems, the scrutability of the user model can play an itapbrole in helping the
user understanding the systems goals and viewing the atitema Moreover, we can
reduce user misunderstandings, due to expectations afgltygld by the system and
not appreciated by the user.

Scrutability can be the basis for adaptable systems. Indeedan expect to en-
hance the quality of the collaboration if both the user argtesy can be aware of the
beliefs each holds about the other: an accessible user madélelp the user be aware
of the machines beliefs.

In the case of teaching systems, there are additional redspscrutability. Indeed,
we can observe that it is possible to change the user modgliysalled a student
model in this context) to become a valuable basis for degidieeper learning [9]. In
this context, the important role of a scrutable user model ispresent what the learner
knows and does not know at any stage. If the model is exteetaby the system, pre-
sented in a way that enables the student to reflect on andagedheir own knowledge,
the student is more motivated in developing a deeper uratatistg. Then the user may
be motivated to learn more. The discussion to this point hgzhasized the possibility
of a teaching system making an externalized user model p#g ®aching. There is
also a learner-initiated view.

It can be observed that in a not-scrutable system, the usplcration and curiosity
always corrupt the user model. This means that scrutalligght enable the user to
explore the system without compromising the accuracy otigex model.

Finally, scrutability becomes especially important wheemumodels are very large,
i.e. consisting of hundreds or even thousands of compolignth as large ontologies
describing user characteristics and behavior). Infereandoe something that becomes
very complex due to the number of components involved, trgatonsiderable chal-
lenges to maintain the scrutability of the user model. Tligetke need to explore ways
to structure and visualize user models to make the user mgd®iocess in these situ-
ations more explicit and understandable.

5 The Role of Ontologies in User Modeling

Ontologies, defined by Gruber as “a shared conceptualizafia particular domain”
are a fundamental element of the new generation Web, ther8ieriiéeb [3]. Although
ontologies have their foundations in the field of artificiadelligence, they have also
attracted the attention of other fields such as knowledgeagement, information re-
trieval, and e-Learning.
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Ontologies have also been recently applied to the field aof megleling (as proved
by several researches [14] [4]) In these systems, ontaiqgievide an important link
between the domain content, user models, and adaptation.

There is also a role for ontologies in providing structuretaser model. In fact,
when the user model does not have a suitable structure toiaeghe components in
the model, an ontology should be extremely useful. Thislis &ssentially for two rea-
son: first of all, ontology can provide such a graph structur@, second, that structure
should make sense to the user, in terms of the meanings obtteepts modeled [8].

Ontologies can also be used for reasoning. Indeed, mowvamg tihe knowledge of a
subset of facts within the domain, new facts can be produgedfbrence. We can use
inference on user models with an ontological structure td éint new facts about the
user.

As stated in the previous sections, user models typicathgisb of different compo-
nents, each representing a single piece of informationl@fladout the user. Although
the user model may be very large with hundreds or even thdgsaincomponents, it
is very important that the system maintains scrutabiligytipularly in reasoning about
the data, whether it is performed by the user modeling systesther users who might
have access to data from the user model.

Therefore, as previously stated in Section 4 it would betyyeseful for users to
be able to explore possible inferences that can be made #iwntby an agent from
their user model or better a partial version of this modeis Thimportant because even
though the partial user model may only contain a subset @f, ga&ny inferences can
be made about the user on the basis of an underlying ontology.

This is true especially in case a user wants to keep privateesslements of his
model (e.g. personal details and contact information). stesy can still provide an
adequate picture of the user by making inference, even veittigh information about
the user himself. A similar situation is sketched in Figurén2this case, the user has
chosen only a portion of his model to be shared (top right effipure). On the other
side the system may allow the user to visualize possibleénfse that can be made
about him from this information (bottom right of the figure).

System Ontology User’s Public Model

iz 3

\ User Model /

User Data § User Model

5 =5
5

AN

Fig. 2. An illustration of a user model.
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Ontological inference is particularly important in envirents where evidence
feeds into the user model at very differegranularities A typical example can be
found in the e-Learning systems, where course materialsaly teach fine-grained
concepts that contribute to higher level learning goalss important to be able to
model both coarse and fine grain concepts in the learner msmltiat learners can see
their overall learning progress and goals through the eogiained concepts, and also
determine what elements of work contribute to these higallgeals through the fine
grained concepts [12].

In this way, we can exploit ontologies for both scrutabitifithe user model and also
reasoning about users. Using ontologies for scrutable fimpdeises several issues to
be considered (as recently observed [11]):

— Construction Creating ontologies is not a trivial activity. In fact, wequire a
source of knowledge of the domain we are trying to model éeithrough do-
main experts or documentation). By this process we canifgighe concepts and
relationships that make up the ontology, and a way to reptélse ontology.

— EnhancementWhen we create an ontology, it may not contain all the cotscapd
relationships necessary for the the particular objectivis.imperative that ontolo-
gies were easily and quickly updatable; this, howeverpohices the challenge of
being able to update (enhance) the ontology without comgiamits integrity.

— Interface An effective interface for viewing and exploring the omtgy is obvi-
ously required. Moreover we need convenient tools for afeationed construc-
tion and enhancement processes.

6 Conclusions

As a demonstration of the growing interest in ontology-blaseer modeling, a lot of
researches and tools have been developed in the last yéarefdre, User Modeling
still represents a key component for a large number of pataation systems. In this
paper, after a review of the main concepts of user modelirghawe discussed about
the importance of ontologies in building user models, raagpabout them and finally
supportingscrutableuser modeling system.
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