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Abstract. The purpose of this paper is to show that with a com- ability between natural language and direct manipulation; (ii) a ro-
bination of state of art technologies it is possible to realize effec-bust dialogue component, allowing complex sequences of turns; (jii)
tive and powerful dialogue systems for Information-Seeking applicathe adaptive integration of different information sources, such as per-
tions. TaMIC -P, a prototype natural language based interface will besonal data and related norms.

described. The system is designed to support Public Administration The paper first (section 2) introduces themMic -P scenario, as
desk operators during an information session with a citizen. Three asvell as its main functionalities. Section 3 describes the system archi-
pects work together to determine the system’s usability: (i) a strongecture. Section 4 presents the procedures underlying the dialogue
multimodal approach, allowing full interchangeability between nat-processing. Section 5 reports the application building experience.
ural language and direct manipulation; (ii) a robust dialogue com-Two evaluation experiments are reported in section 6 to highlight
ponent, allowing complex sequences of turns; (iii) the adaptive inthe application benefits. Finally, section 7 sets out the basic software
tegration of different information sources, such as personal data anaind hardware system requirements.

related norms.

2 THE Tamic-P SCENARIO

1 INTRODUCTION TAMIC-P (Transparent Access to Multiple Information for the Citi-
This paper follows a tradition in the development of natural languagezen - Pensions) addresses the problem of the information flow from
interfaces to databasesi(®B) which includes, among many oth- the Public Administration (PA) to citizens. A feasibility study [2]
ers, experimental prototypes (TEAM [9], IRUS [3], JANUS [17], conducted at INPSpointed out three main requirements in the rela-

SHOPTALK [6]) and commercial products (INTELLECT [10],
PARLANCE [4], English Wizard).

In recent years, the diffusion &irect Manipulation(DM) tech-
niques has slowed down the use ofINBs. Indeed, the selection
of visible objects is more efficient through pointing than by means
of a linguistic description. However, also direct manipulation suffers
from some drawbacks [15]: only a limited numbers of actions can,
be performed at a given time, and objects on which actions are ap-
plied must be unambiguously displayed on the screen. However, in
the Human Computer Interaction field, the direct manipulation in it-
self has been criticized. Analysis of the intrinsic drawbacks of direct
manipulation induced Gentner and Nielsen [8] to recognize that lin-
guistic interaction is a key modality with which to overcome those
limitations.

At the same time, in the Al communityultimodalityhas been
proposed as a solution to overcome the limitations of a single modal-
ity [12]. In particular, Cohen and Sullivan [5] proposed coupling NL
and DM interactions. On the one hand, direct manipulation mitigates
the opacity of language (see [1] for a review ofINBS), enabling

users to learn which objects and actions are available in the system.

On the other hand, natural language helps reduce the DM limitations
by allowing users to specify targets and actions by means of descrip-
tions that may refer to objects not displayed on the screen.
According to the multimodal paradigm we focused on three as-
pects: (i) a strong multimodal approach, allowing full interchange-
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tionship between PA and citizens:

e The communication between PA and citizens is going to be more

transparenthan in the past. This affects the way information has
to be accessed and presented. Citizens have to follow what the
operator asks to the system; furthermore data must be shown in a
transparent way.

The role of human operators is still crucial, but their work could
be significantly improved with the use of more suitable tools for
accessing data. In the current situation, each PA sector has its own
access procedures, which can not be used by operators of other
sectors. This situation dramatically limits the mobility of employ-
ees, who tend to be highly specialized but unable to be of help
outside their area. This also contrasts with the current tendency
to multi-function desks, where at the same point the citizen will
receive a wide range of information. To sum up, the requirement
is for flexible tools able to adapt themselves to different situations
and with high usability level.

¢ In the perspective of multi-functional desks, one of the more cru-

cial needs will be not only the integration of data from different
sources but also the capability to access and manage data adap-
tively, considering their usefulness in the appropriate context, as
for example the capability to automatically provide help and ex-
planations at the right moment.

Following these requirements a prototype work environment for

the PA desk operator has been realized; the prototype is currently
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INPS (Istituto Nazionale per la Previdenza Sociale), is the biggest Italian
organization for Social Security, serving about 19 M Italian working people
and 17 M of retired people, with more than 2000 local agenciesin every part
of Italy.



installed at the INPS provincial agency in Trento for experimenta-
tion. Three main functionalities, all accessible by natural language,
are fully integrated in the system:

e accessto archives containing personal information on citizens;

¢ access to a technical dictionary providing general information on
domain terms and concepts;

access to a textual database containing information on laws ang
norms in the social insurance area.

The scenario is that of an attended desk at INPS, where citizens
receive information concerning thaontributionssocial insurances
andpensionsThe goal of BmIC-P is to help the operator to access
all available knowledge on a given topic; however the system does
not possess knowledge to guide the user to the solution of a problem
(i.e. it is not an expert system).

The design of AmIC-P was conceived as an instance of a mul-
timodal interaction style along the lines proposed by Norman and
Draper [15], Cohen [6] and Gentner and Nielsen [8]. The modali-
ties involved are the usual Windows-Icons-Menus-Pointing style and.
natural language. They are fully interchangeable, i.e. the same infor-
mation can be reached either by natural language or by direct manip-
ulation: the degree of efficacy of each modality depends both on the
task to be solved and on the user’s expertise.

The graphical interface is based on the idea of consulting informa-

up sequences, which prove to be quite natural and effective during
the consultation of complex data. For example the sequence:

> contributions

> deemed

> for Lay—off pay fund

gradually restricts the output data by using the power of the con-
textualization mechanism (see section 4 for more details).
Correction of Typing ErrorsThe most common typing errors (e.g.
inversions of adjacent keys on the keyboard or omissions of a char-
acter in a word) are automatically corrected. Only in the case of
very complex errors does the system ask the user to choose among
possible corrections.

¢ Analysis of Abbreviation®Because of the frequent use of abbre-

viations, in particular by specialized operators, a highly effective
abbreviations recognizer has been devised. For example, a query
like contr. serv. mil. is correctly interpreted by the systemcasm-
tributions for military serviceautomatically eliminating other less
plausible interpretations, such esntract related to military ser-

vice or control of military service

Personalized Presentationhe Tamic -P system allows differ-

ent presentations of the same data. In order to obtain a particular
presentation, it is sufficient to perform a query in natural language
by specifying the ordering criterion, as icontributions by type

tion cards. To access a card through natural language it is sufficies? SYSTEM ARCHITECTURE
to enter a short description of the card content in the character inpu]the Tamic-P system is highly heterogeneous both with respect to

field of the interface.
In what follows, some of the main features of themviic -P system
are presented.

¢ Linguistic Flexibility.Descriptions in natural language are flexible
both with respect to the syntactic structure, (e.g., eitloatribu-
tions after 1980 voluntargr voluntary contributions after 1980

and the used terms (e.g., eith@untary payments from 198%
voluntary contributions The language may be telegraphic and
synthetic, asilCig contributions 1970-197&vhereCig stands for
lay-off fund), but even redundant or partially inappropriate queries
are accepted (e.gecontributions to the lay-off fund administration
from year 1970 to year 1935

Synthetic and Analytical ViewBue to the complexity of the avail-
able information, two views are enabled: a synthetic view, with the
minimum needed information, used to review data lists (for exam-
ple a list of contribution periods), and an analytical view, used to
inspect details, for example concerning a single contribution pe-
riod.

Information Integration.The citizen’s personal data are always
displayed with links both to technical explanations and to the re-
lated norms. Thanks to this mechanism, after an input request like
contributions for University degree redemptitimee kinds of in-
formation may be obtained on the specific subject of the contribu-
tions for University degree redemption. ¢
Hypertextual NavigationEach card is a hypertext, where infor-
mation is presented by means of active objects, which can be in
spected for further details. By means of the hypertextual naviga-
tion modality, it is possible to move from one subject to another,
even without detailed knowledge on the underlying domain. At

the kind of knowledge it is based on and with respect to the data
store to which it makes accée’ss
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Figurel. Tamic-P main modules (oval boxes) and knowledge bases
(rectangular boxes).

The system architecture is based on four layers:

Thegraphical interface layemwhich defines all the allowed inter-
actions between the user and the application.

Thelinguistic layer, which carries out the basic steps of natural
language interpretation: tokenization and morphological analysis,
parsing, semantic analysis (resulting in a logical form), contextu-
alization.

any moment, the operator can move from the hypertextual navis
gation to the natural language modality, in a complete transparent
way.

ContextualizationNatural language queries are interpreted by the
system in the context of the preceding queries. This allows follow-

The INPS domain is characterized by several archives distributed nation-
wide. Most of them are old hierarchical databases and are now migrating
to relational DB2. Many data access procedures access a common subset
of data to provide different “presentations”, either by accessing the same
data in different databases, or by accessing the same database in different
environments (e.g. CICS, IMS, AS400, etc.).



e The data access layerwhich retrieves data from the INPS employee from 1998 decomposed into nodes l1a-1c. At turn 4, the
archives and records them in a temporary local database, whemontextualization procedure starts from the last attached node (i.e.
integration and homogenization operation are performed. Dat&b) until a consistent merge is reached at node 1a.
access includes several modules which: (i) transform the logical
form into an SQL query to a local database; (i) compile and ex-
ecute a set of middleware messages which gather data from tt , .. dipendente dal 1990

physical archives; (iii) integrate the data gathered into the loce L - B | eonoibe ks
database and execute the SQL query. Sy J LMD
o Thepresentation layerwhich aggregates the retrieved data and R
displays them in the most convenient output format. £ '“'!"“1'" 1:'—‘":":'*""“' A | from LM
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Each layer is in turn built around a number of more specialize( 3, periculi scaperti 8752
modules (see Figure 1) whose interaction is driven by a Control Mar,  mscemserad periods 87207

41 el

ager that coordinates the execution of complex tasks. Each modu : s - b | o 158 1995
can thus be considered an agent that activates itself in response t¢  * "i‘f"”—.":"" 'i" "-':‘f' :" '_‘_’r"J =

message sent by the Control Manager. Then, each module commui = oA A {%a Loyl fmdunh
cates the computation results to the Control Manager which, onth 5wy cassa itegraron: 34 | Srrownd penod

base of the received output, can fire a subsequentinterpretation phe S firna o
or transfer the control to an Error Manager module.
The system makes use of different information sources. The do-
main terminology is represented inlaxical Knowledge Basea Figure2. “Semantic dialogue tree” for a sample interaction. A simple line
WordNet-like conceptual dictionary [13] whose synsets are defined stands for the subsumption relation, while a double line stands for the
by their synonyms, pointers to direct hypernyms and hyponyms, an property-value relation.
explanatory gloss, a logical form (used to build the semantic repre-
sentation of the NL query), and pointers to legal textual documents.
The domain knowledge is represented Banceptual Data Model
composed by a limited set of frames organized into an ISA hierar

h from 1967 in [ 8

Associated with each node in a SDT is a Logical Form (LF). A
new node is attached to the tree by comparing its LF with the ones of
the predecessors: the LF of the current user query will be attached to
. . . ti!?‘le first SDT node providing consistency. The resulting dialogue tree
archives and from the particular words used when speaking abOLExploits the semantic relations among the dialogue turns rather than

them. : ST -
. . . their temporal proximity (i.e. temporal adjacent turns may have low
Finally, theLogical Data Modebescribes the structure and format semantic affinity, and vice-versa).

of th_e data stored in the user archives. . . . The procedure which builds the SDT consists of three steps: (i)
Glyen these k_nowledge levels, a qru.mal pro_blem 1S prov!dmg irst, a logical form is built for a single turn, whose clauses are

con_5|_stent mapping among them. This IS done in a deCIarat'Ve,Waérouped according to their functional role within the user request;

defining the data structure ransformations needed to share InfOGi) then, the overall dialogue tree is searched for the positions where

mation among modules at different levels. As an example,_ for thethe input logical form can be best inserted; (iii) finally, the logical
mapping between the logical and the conceptual model, quite come

. ) orm is enriched with the inherited information, converted into a di-
plex transformations are necessary, such as the transformation Ofaefogue subtree and attached to the SDT

flat record into a hierarcr_\y, ‘h'? possibility to ag_gregate data, and the The SDT structure is also used to provide a semantic interpretation
transformation of a relationship represented with external keyword§0r direct manipulation operations on graphical objects. For example,

into a relationship among frames. when the user double-clicks on a row representing a particular con-
tribution, the system opens a new card showing a detailed description
4 DIALOGUE CAPABILITIES of the selected object. This is interpreted as an instruction to add a
new node to the SDT with a “member-of” (i.e. a class instance) rela-
TAMIC-P exploits a number of dialogue capabilities that traditionaltion to the previous node.
natural language interfaces to databases do not possess. The dialogue
manager is based orSeemantic Dialogue Treg&DT) [11] which al- 5 APPLICATION BUILDING
lows a robust linguistic interaction and a close correspondence with
graphic objects. A key conceptwhen building SDTs is that there is noThe TAMIC-P environment has been defined and implemented by
one-to-one relationship between turns and tree nodes. The basic asvo EU supported projects: a one-year long feasibility study and a
sumption is that both tree nodes and edges must explicitly represetwo year long implementation and experimentation project. The sec-
the semantic relations denoted in a turn, taking advantage of domaidnd project resulted in the implementation of two prototypes, both
knowledge. There are two main advantages with respect to dialoguiategrated in the user working environment, one handling dialogues
processing: (i) semantic inconsistencies are easily detected, even in Italian and the other handling dialogue in German. The total effort
case of a well-formed turn that does not fit with any previous dis-of the implementation project was of 305 man months, with a total
course segment; (ii) the contextualization procedure is more robusgost of 1,350,000 Euro. The effort needed to build the Italian proto-
because all the segments of each dialog turn are available as a contdype (to which this article refers) was about 92 man months, partly
for subsequentturns. devoted to the implementation of a reusable infrastructure. Due to the
Figure 2 shows a SDT for a simple dialogue. A turn is decom-nature of the project, combining Natural Language Processing with
posed into its meaning components, which are then available foPatabase Integration issues, a multidisciplinary team had to be set
successive contextualizations. For instance, turcofitributions as  up. The team was formed by seven persons: two working on Natural



Language Processing, one on Human Computer Interaction, three on

Database Integration and one on User Modeling. Other people joined
the team for short periods in the course of the project.

A key factor enabling both co-operation among the four groups
mentioned above and software integration was the early definition of
common representation structures and information exchange proto-
cols. This is also an enabling factor for the system maintenance and
for its portability to different domains.

Physical changes in the database structures can be handled by up
grading the logical model mentioned in section 3, without any impact
on NL understanding modules. In a similar way porting to another
language (INPS may have to deliver information to foreign citizens)
will involve no upgrade of the data access component. More sig-
nificant changes in the domain, that could result from changes to
the norms governing pension administration, would require modifi-
cations to the logical model and to the data model and to the map-
ping between them. However, even if these changes imply careful
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Figure3. Average quantity index as a function of task and system.
F=familiar; U=unfamiliar. Error bars show Mean Standard Errors.

updating of the system knowledge bases, which could be helped byiser interacted with the INPS system. Indeedwic -P supported
maintenance tools monitoring the overall coherence of the modelSamiliar and unfamiliar tasks with the same robustness.

no major upgrade is foreseen on the software routines. The basic

communication and representation infrastructure could be preserved

even when considering porting to a complete different domain, thu$-2 On-field evaluation

significantly lowering the implementation effort.
It is worth mentioning that, with respectto the original work plan,

A user-based evaluation was carried out to evince the most interac-
tion difficulties encountered by a novice user performing an ecolog-

we had to re-plan the Database Integration task. It proved harder thegy 145k interacting with the system. The subjects of the experiment

expected, both because of security problems, which obliged us to aGiere 10 INPS operators. Each session included 20'

cess some databases by means of existing data procedures, and
cause of a lack of documentation. Much information about the be-It

of training, 30’

" task execution and 10’ for filling in a questionnaire. The usabil-

problems encountered during the interaction were summarized

havior of data access procedures and about the form and content q cording to the following taxonomy:

their output had to be discovered by on-fieI(_:i experimentations, with Attribution. Each problem was attributed to one of the two inter-

the help of domain experts, each possessing a chunk of the wholgeio agents. If it derived from improper use of the system or from a

knowledge. This was a further indication of the need to develop gyignderstanding of its functionality, it was attributed to the user. If

unifying and transparent dialogue environment to facilitate data acy yerived from a design error or from a deficit in linguistic coverage

cess. it was attributed to AmMIC-P . In the latter case, the user’s input was
theoretically correct but for different reasons the prototype failed to

6 SYSTEM EVALUATION

processiit.

Category. This refers to the type of problems encountered. Four

In this section we report the results of two evaluation phases: thenain categories were adopted:

first, carried out at the end of theaWiic -P design, was based on a
Wizard-of-Ozsimulation; the second is an on-field evaluation carried
out during the last phase of the system development.

6.1 Wizard-of-Oz evaluation

TAMIC -P was simulated by the Wizard-of-Oz technique [7], in which

a human, i.e. the wizard, plays the role of the system and acts behind

the compuer interface. The main hypothesis of this study was that
TAMIC -P improves competence sharing, that is, it should support fa-
miliar and unfamiliar tasks with the same efficacy. In general, it was
expected that unfamiliar tasks would be performed significantly bet-e
ter by Tamic-P than by the INPS system; whereas familiar tasks
would be performed just slightly better by INPS than bymic-P .
A comparative evaluation contrastingiiic -P with the system cur-
rently in use at APswas run. To test AMIC-P quality as interface,
two tasks differing along the familiarity continuum were udeainil- .
iar tasksaddressed problems that employees normally encounter at
the workplaceunfamiliar tasksaddressed problems that employees
encounter only exceptionally. The experimental manipulations gave
rise to four conditions under which each participant was tested. .
As expected (see Figure 3), the increase in complexity that derives
from performing an unfamiliar task was detrimental only when the

Natural Languageproblems related to linguistic errors; this was
further distinguished into five sub-categories: a) lexical errors (in
this case, the system showed the following error message: "word
not recognized”); b) syntax errors: (the error message was "incor-
rect utterance”); ¢) contextual misinterpretation: (the error mes-
sage was "inconsistent request”); d) data-base access: the system
correctly parsed the request and showed the appropriate card, but
the data displayed were not in conformity with the data-base con-
tent; e) uncertain problems: the parser failed, but it was not possi-
ble to understand the origin of the problem.

Task modelproblems due to a mismatch between the user’s task
model and the task model implemented in the system; we further
distinguished between difficulties due to information form (the
way in which information is displayed) and problems due to in-
formation content (what is actually displayed).

Interface problems related to direct manipulation, ranging
from menu selection to shortcut commands; two sub-categories
emerged: problems due to feedback (system answers) and diffi-
culties in navigation (user operations).

Missing functionality functions requested by users but not im-
plemented in the prototype; two sub-categories emerged: compu-
tational capabilities (some functions were not implemented) and
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Figure4. Errors due to the system in five scoring categories.

hardware limitations (difficulties due to the specific hardware un-
der evaluation).

mended). 20 MB free space on the hard diskmic -P is available
also in UNIX environment in off-line operations.

Accessible Users Archives.  UNEX (contributions), ARCA (per-
sonal data), AZIENDE (Firms).

8 CONCLUSIONS

TAamIC-P, a multimodal dialog environment designed to help PA op-
erators, has been presented. Evaluation of the prototype in real work-
ing situations has demonstrated its flexibility and adaptability to the
aims and skills of different types of user. The use of NL technologies
yielded significant advantages in making the interaction more easy
and natural, in facilitating navigation through complex environments
(data bases, conceptual data modeling, text retrieval), in aggregat-
ing heterogeneous data in a flexible way, and, finally, in increasing
the transparency of the man-machine communication. From the PA
point of view, many benefits can be obtained, in particular the re-
duction both of the training period and of the technical knowledge
required to use the system. Finally, a more effective and clear inter-
action increases the degree of participation by the citizen to the social

Figure 4 reports the results of the evaluation. Note that NL is theaffairs.
most frequent category. Problems are mainly due to lexical errors (in
some case easily solvable by expanding the lexicon, in other cass REFERENCES
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