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Abstract—Contact centres (CCs) are organisational
units that aim to achieve an elevated sense of loyalty
and satisfaction from customers and employees whilst
keeping the operational cost at a minimum. Currently
seventeen percent of all calls received by CCs are not
resolved on the first call. This is due to the inability of
the contact centre agents (CCAs) to diagnose the
problem and find an adequate solution. The aim of
this paper is to discuss the development of a model
and prototype that employs an intelligent user
interface (IUI) in order to improve CC operations.
Index Terms — Contact Centres, Intelligent User
Interfaces, Task Modelling, User Modelling.

I. INTRODUCTION

C

centres (CCs) are often the first form of
interaction that customers experience with a
company [1]. The role of a CC can vary from logging and
solving customer queries and transactions to broadcasting
marketing propaganda [2].
The Merchant Global Benchmarking Report in 2005
[3] revealed that only 71% of all customer queries were
resolved on the first call by the agent who answered the
call. Ten percent of all queries from calls answered were
escalated to second and third tier agents and 17% of all
customer queries were not resolved on the first call. The
inability to solve these queries reside in the
ineffectiveness of the contact centre agents (CCAs) to
diagnose the problem and find an adequate solution.
Thus, there is a need for an efficient and effective
solution that will enhance the problem solving process.
Intelligent user interfaces (IUIs) aim to amplify the rate
of information flow between humans and computers [4].
This is acomplished by delivering interaction between the
user and the computer that is efficient, effective and
natural [5]. The application of IUIs to the domain of CCs
may therefore improve the efficiency and effectiveness of
call resolution.
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Section II of this paper discusses the problem domain
in more detail. Section III describes the typical tasks and
processes that need to be performed in the process of
logging and resolving a customer’s query. The design of
an IUI model for CCs is discussed in Section IV. Section
V describes how the components of the proposed model
were implemented in order to validate the proposed
model. Section VI focuses on future work.
II. RELATED WORK
A. Contact Centres
A contact centre (CC) refers to a call centre that
provides a value added service using more than one
electronic medium [6]. CCs are beneficial as they provide
increased accessibility for customers and allow for
transactions and queries to be handled in an efficient
manner [2].
CCs can be classified based on their area of operations
as either being a help desk or a service desk. Help desks
can be defined as a single point of contact which deals
with the resolution of customer problems and requests
[7], [8]. Service desks are a central hub of contact
between the customer and all IT-related areas, providing
communication, information and resources to customers
with IT-related problems [1], [9]. The distinguishing
factor between a help desk and service desk is that a
service desk utilises multiple channels in order for
customers to report problems and receive assistance [7].
B. Field Study
A field study of three South African CCs was
conducted in May 2006 in order to determine the cause of
the problems currently experienced [10]. The study
consisted of observing and interviewing CCAs in their
natural working environment.
A questionnaire was issued to the CCAs in order to
obtain information relating to the use of systems in their
everyday activities. One of the factors identified as
influencing call resolution rates was the number of
systems with which the CCAs need to interact in order to
complete a task. The interviews revealed the use of up to
13 different systems to log and verify customer details as
well as to find relevant information.

The next subsection discusses IUIs and how these
could be used as a possible solution to the problems
currently experienced by CCAs.
C. Intelligent User Interfaces
IUIs differ from traditional interfaces due to the
inclusion of artificial intelligence within the interface [5].
IUIs make use of user, discourse, task and context models
to assist in supporting interaction between the user and
the interface. Intelligent or software agents (IAs) are also
used in IUIs to deliver autonomous actions based on the
user’s habits, preferences and interests [11].
Intelligent interfaces need to employ one or more
intelligent techniques in order to make them intelligent
[12]. User modelling, natural language technology,
dialogue modelling and explanation generation are some
of the techniques that can be employed.
An IUI could assist in refining and enhancing the
process of diagnosing queries and providing support at
the first line of contact. Although the interaction mode
between the CCA and the customer would remains the
same, the manner in which information is queried,
validated and retrieved can be done through an integrated
IUI as opposed to several systems (Figure 1).

TABLE I
INTELLIGENT INTERFACE COMPONENTS AND PURPOSE
Interface Modules
Input Analysis
Output Generation
Dialog Control

Agent / User Modelling

Knowledge Base
API

Purpose
Facilitates multimodal means of input.
Delivers multimodal output tailored to the
user’s specifications.
Responsible for tailoring the flow and
controlling the interactions of the user and
facilitates for error detection and correction.
Utilising interface agents to build and
maintain user models to deliver a personalised
and natural means of interaction.
Repository(ies) for storing the User Model,
Task Model, Domain Model and Vocabulary.
Methods called to execute the underlying
functions of the system.

Figure 2: Tyler et al.’s Intelligent Interface Architecture
[14]

Figure 1: Extended CC Model Using an IUI [10]
This section has discussed how IUIs could be applied
to the domain of CCs and what benefits they could
present. The next section presents an investigation into
existing IUI models.
D. Existing Models
An investigation into existing IUI models was
undertaken in order to determine the most suitable model
that could be specialised and adapted to the domain of
CCs. Determining the effectiveness and extensibility of
the various models was based on the set of evaluation
criteria specified in Table 1 [13].
Four IUI architectures were evaluated, namely The
Intelligent Interface Architecture [14], The Focus
Architecture [15], an Adaptive Intelligent Interface
Architecture [16] and the L-CID Model of a Self
Adapting Intelligent Interface [17].
The Intelligent Interface Architecture [14], illustrated
in Figure 2, meets all of the requirements of an IUI
model, according to Table 1. This makes it the most
suitable architecture to be used within the domain of CCs.

The next section, Section III, describes the typical
tasks and processes required in order to log and resolve a
customer’s query.
III. REQUIREMENTS ANALYSIS
The field study in Section II identified that a service
desk would benefit the most through the implementation
and use of an IUI. This is due the variety of mediums and
modalities in which service desks receive and handle
calls. Thus, the scope of this research is limited to that of
a service desk and the focus to diagnosing customer
queries and generating information in order to solve these
queries. Figure 3 illustrates the process of current service
desk operations, which was identified through the field
study discussed in Section II.
The role played by the CCA in Figure 3 is that of a call
taker. The tasks that are performed by CCAs typically
comprise logging a call placed by a customer and
processing the details of the call. In the task of processing
the call, the CCA has to identify the customer and capture
the problem as described by the customer. Currently the
task of resolving a query is handled either by a technician
or an outsourcer. This process is currently time
consuming and costly. An IUI for CCs would typically sit
between the CCA and the system (Figure 1).

This would allow the CCA not only to process and log
a call but to potentially solve the customer’s query on the
first call. Providing these capabilities at the first level of
support would not only reduce call resolution time but
also reduce costs in having second level support,
technicians or outsourcers attempting to resolve the
problem.
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Figure 3: Use Case Analysis of Service Desk Operations
The next section, Section IV, will discuss the design
and adaptation of a model for CC operations.
IV. MODEL DESIGN
This section aims to describe the design of an IUI
model for CCs in terms of its architecture, component–
level design of the Knowledge Base and interaction
design.
A. Architecture
This section describes the various components of the
IUI Architecture and the interaction between these
components. Figure 4 represents the key components of
the architecture illustrated in Figure 2.
1) Input/Output Manager: The primary role of the
Input/Output Manager is to provide multimodal
capabilities to the user (CCA) via the interface. Highlevel goals are received from the Presentation Manager
and are translated in lower-level operations before being
displayed to the user [14].
2) Plan Manager: The Plan Manager contributes to the
architecture by assisting the users to achieve their highlevel goals. It operates based on knowledge of the user’s
current goals and plans. Through the use of the Plan
Manager, the interface will attempt to detect and try to

correct any errors in the user’s plans.
The Plan Manager retrieves low-level commands from
the Input/Output Manager and compares them to the
task’s parameter values, thereby detecting any errors. A
limitation with Tyler et al.’s IUI architecture [14] (Figure
2), is that the Plan Manager is unable to infer user’s
goals based on the low-level commands entered. This has
been eliminated (as illustrated in Figure 4) by allowing
the Plan Manager to access the Task Model directly from
the Knowledge Base.
3) Knowledge Base: A knowledge base is a key
component of any IUI as it serves as a repository for
application knowledge, domain based knowledge,
knowledge about the current user, instructional
knowledge and communicational knowledge. This is
necessary so that the interface can make decisions using
intelligent techniques and knowledge in order to
determine how to adapt the interface to the current needs
of the user [14].
4) Agent Manager: The original architecture in Figure 2
showed the Agent Manager as the Adaptor. This
component has been renamed due its autonomous nature
in delivering an environment that is truly intelligent and
adaptive to the user. The Agent Manager receives
interface events from the Plan Manager; these events are
then validated against various models stored in the
Knowledge Base. The Agent Manager then either updates
an existing model residing within the Knowledge Base or
retrieves the required results.
A key aspect of the Agent Manager is its ability to
interact with the User Model and to either consult or
update this model based on the current step and task of
the user. The Agent Manager also needs to keep track of
various performance data such as, how long it takes the
user to complete a task, how many errors have been
committed and how many times the user consulted the
online help.
5) Presentation Manager: The role of the Presentation
Manager is to retrieve the results from the Agent
Manager and, based on the results, to determine the best
possible modality in which these results could be
presented.
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Figure 4: Components of the IUI Architecture

B. Knowledge Base Component Design
Specialising the IUI architecture in Figure 2 for the
domain of CCs requires that the Knowledge Base
contains information relating to the domain of CCs. The
other components of the architecture can then be
configured to operate within the new domain.
1) User Model: A user model is pivotal in contributing
towards the intelligence of an IUI as it allows for the
system to adapt to the needs of the user. A User Model
will be present for every user of the application. It will
contain the profile of the user and various task related
data. Including task related data within the User Model
will provide an indication of whether using the IUI
actually reduces the time taken to diagnose and solve
customer queries. Storing a list of categories of the
problems solved by a user within the User Model, will
provide an indication of the expertise that a particular
user has in solving specific types of queries.
2) Task Model: Using task models to explicitly store
the high and low–level goals will allow the interface to
deliver task-based descriptions of the various steps and
sub-steps required by the user to achieve their high–level
goals. The Task Model will be stored in the Knowledge
Base and will be a representation of the tasks typically
performed by CCAs in the diagnosing and resolving
customer queries. The Task Model will need to store the
name of the task, a task description reflecting the high–
level goals, the fields that need to be completed, the field
types, description of the fields and the sub-steps that need
to be completed in order to complete the task.
3) Solution Model and Vocabulary: A Solution Model
was not present in the original IUI architecture (Figure 2)
and was added to improve call resolution at the first point
of contact for the customer. Based on keywords from the
description of the customer’s query, the user will be
presented with a list of possible solutions. These
keywords will be matched against keywords stored in the
Vocabulary part of the Knowledge Base. The comparison
of the keywords and identification of the possible
solutions will be done by the Agent Manager. A Solution
Model would need to contain the following details: the
name of the solution, a brief description of the solution,
the problem category associated with the solution and the
steps required to execute the solution.
The next sub-section aims to describe and illustrate
how all of these components work together to provide an
IUI that will support CC operations.
C. Interaction Design
This section aims to describe how the various
components of the architecture could be presented to the
user in the form of an IUI.

Figure 5 contains a low-fidelity template illustrating
the interface design of an IUI. Section A in Figure 5 will
display the high-level goals of the current task and the
steps required to be completed by the user. Section B will
be used to provide user input to the application and
Section C is the section where the feedback generated by
the Agent Manager will be displayed. This section needs
to be separated from the normal direct manipulation
(DM) section of the user interface [18]. The Agent
Manager needs to observe the actions performed by the
user in the DM section and provide the necessary
feedback in its own section.

A – Title & Task Description

B – User Input Section

C – Agent Feedback Section

The next subsection further investigates the design of
these components for the domain of CCs.

Figure 5: Components of the IUI Template
The next section will discuss the implementation of the
proposed model as a proof of concept.
V. IMPLEMENTATION
For the purpose of this research the Input/Output
Manager and the Presentation Manager components
were not implemented (Figure 4). The reason for this is
that these components provide multimodal and adaptive
capabilities and do not directly support the query
diagnosis and resolution process of CCAs (Figure 3).
The implemented prototype will allow the user to
successfully log a call placed by the customer, deliver
task related information from a Task Model and deliver
dynamic feedback through the use of an intelligent agent
(Figure 6).
The Nelson Mandela Metropolitan University (NMMU)
ICT Service Desk was used as a case study for this
research. At present the service desk uses the FrontRange
Solutions HEAT Product Suite.
Implementation of the Knowledge Base was done using
SQL Server 2005 combined with an extract of the
existing HEAT database. The User, Task and Solution
Models were implemented using XML and currently
reside within the Knowledge Base. The data in the User
Model was encrypted using a Triple Data Encryption
Standard (DES) in order to ensure the integrity and
reliability of the data.
The Plan Manager and Agent Manager components
were implemented in C#.

Upon selecting a task, the Plan Manager accesses the
Knowledge Base to retrieve the relevant Task Model.
This Task Model is then decrypted and instantiated. The
current task and step information is then displayed to the
user in a section allocated to the delivery of task-based
information (Section A in Figure 6).
Depending on the section of the screen the user focuses
on, the current step will change. Input entered by the user
(Section B in Figure 6) is sent to the Agent Manager and
validated. The validation is based on the type of data
required by the particular field which is stored in the Task
Model. Validation is done in order to support plan
recognition and to identify whether the user needs
assistance in the form of intelligent help.
Feedback based on the validation from the Agent
Manager is delivered in the Agent Feedback section
(Section C in Figure 6). If the user has entered an invalid
data type the error will be displayed along with a possible
solution. This form of validation can be classified as
intelligent help. Provided that the validation is successful,
the Agent Manager will search the Knowledge Base for
all the possible candidates that could be entered in that
particular field.

On hovering over the list of possible candidate results,
the user will see more details; which will prevent the user
from going outside of the current interface to perform a
search.
The User Model is instantiated and stored in memory
where it can be referenced and updated as needed with
task related information.
In terms of diagnosing the customers query, an efficient
parser still needs to be implemented that matches the
description of the problem with various keywords stored
in the Knowledge Base. This would allow for efficient
diagnosis in terms of categorising the problem and
finding a possible solution. Once a list of possible
solutions is identified, the user can then select a possible
solution which then loads that particular Solution Model.
This would guide the user through a sequence of steps
and would assist in determining the best possible solution
for the customer’s query.
VI. CONCLUSION AND FUTURE WORK
This paper has highlighted the potential of applying
IUIs to the domain of CCs in order to provide an
environment in which CCAs can diagnose and resolve
customer queries efficiently and effectively.

Figure 6: IUI Prototype for CC Operations

An IUI model was proposed for CCs consisting of an
IUI architecture, component-level design and interaction
design (Section IV). The proposed model was validated
by implementing an IUI prototype to support the key
processes of logging and resolving customers’ queries for
the NMMU ICT Help Desk (Section V).
The next stage will be to evaluate how the IUI
prototype can assist in logging and processing customer
calls at the NMMU ICT Service Desk. This will involve
usability testing with actual users to evaluate the usability
and usefulness of this prototype.
The envisaged benefits of this research would be a
reduction in costs and improvements in efficiency for CC
operations as the time spent diagnosing and resolving
customer problems could be significantly reduced.
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