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Abstract

Design and Development of a Situated Decision Support System for Personal
Finance Management

Xin He

With the rapid advancement of computer and Internet technology and availability of
data and information, the need for decision support is continuously growing. In this
context, a new vision of Decision Support Systems (DSSs) called situated DSS (SDSS)
has been proposed. The key distinguishing features of SDSS include a tight
connection with the problem environment, proactive decision supports, and decision
implementation. In this work, a layered model of a SDSS is presented. The model
includes three layers: the reactive layer, operational layer, and judgmental layer.
Since the layered model is structurally different compared to the traditional type of
DSS, a new method for designing and development is proposed. The model and
method are illustrated through a personal finance management SDSS prototype. The

results of the empirical test are presented and discussed.
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1. Introduction

The research of Decision Support Systems (DSSs) started around 30 years ago.
Researchers have defined DSSs as interactive computer systems that help users make
decisions using data and models (Keen and Morton 1978; Sprague and Carlson 1982).
Initially, DSSs were only designed to assist managers to make decision in organizations
(Turban and Aronson 2001). With the fast advancement of computer and Internet
technology and the rapid growth of available information, DSSs have been introduced
outside of business organizations and developed to satisfy individuals’ needs for
everyday decision making (Luo, Liu et al. 2002). However, many traditional DSSs
offer passive types of decision support, where the decision making process is isolated
from the environment and depends on the decision maker’s initiative. In today’s
complex and dynamic environment, passive types of decision support are no longer
sufficient to meet decision makers’ needs. To meet the new challenges, a vision for a
new type of DSS, named situated DSS (SDSS) has been recently introduced (Vahidov
and Kersten 2003; Vahidov and Kersten 2004). SDSSs are systems that directly and

actively connect with, evaluate and act upon the current problems in the environment.

While the original generic model of a SDSS seems to be able to facilitate research and
development, it is important to further organize the components of the model into
different levels of abstraction in order to provide structure to the characteristics and

functionalities of the DSS components that would facilitate communication. Since the

1
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model of a SDSS is substantially different from the conventional DSS, in order to lay a
solid scientific foundation for the researchers to work on its design and development, it
is important to propose a development method to facilitate its construction for practical
applications. After the conceptual model is further developed, it is important to
illustrate the model using a functioning prototype in a specific problem domain. This
procedure allows empirical investigation of the value of the concept, and its

contribution towards improved performance by the decision makers.

The purpose of this work is to illustrate and investigate the effectiveness of the layered
model of a situated DSS. Specifically, this work prepares (1) to present a layered
model of SDSS; (2) to outline a method for the development of a situated DSS; (3) to
illustrate the model and method proposed using the area of personal i finance
management; and (4) to empirically assess the effectiveness of a situated DSS and its
value to the prospective adopters. Section 2 presents the theoretical background for
the conceptual model of a situated DSS. It mainly builds upon the active DSS and
real-time DSS paradigms and research in software agents. Section 3 presents the
conceptual layered model of a SDSS. In section 4, we propose a new method for
designing and developing a SDSS. Section 5 describes the research methodology of
this study. It includes an illustration of the proposed approach using personal finance
management DSS, the research hypotheses and measures, the design of the empirical

experiment, and the results of statistical analysis. The thesis ends with the conclusions

and the discussion of directions for future research.
2
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2. Background

2.1 Decision Support Systems: Recent Developments

Decision support systems (DSS) was one of the most popular topic in information
systems research (Brancheau and Wetherbe 1987; Claver, Gonzales et al. 2000). The
development of the concept and the design of DSSs started in the seventies (Shim,
Warkentin et al. 2002). Early decision support systems were computer programs that
could be used to support managerial decision makers in solving semistructured and
unstructured problems (Moore and Chang 1980; Sprague and Carlson 1982). A
typical DSS application was composed of several subsystems which include a data
management subsystem, a model management subsystem, a knowledge management
subsystem and an user interface subsystem (Turban and Aronson 2001). In the early
stage, development of DSSs emphasized data analysis support and decision modeling
(Moore and Chang 1980). Early DSSs were human-machine problem solving
applications in which the system dealt with the structural portion of a specific
problem, while decision makers dealt with the unstructured part (Shim, Warkentin et
al. 2002). Traditional types of DSSs support decision making passively, meaning
that they utilize models for analyzing decision making situations through explicit

commands and directions given by users (Rao, Sridhar et al. 1994).

Recently, the increases in information volume, the Internet, and the advent of

improvements in communication technology led to a business environment that is

3
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more complex and connected (Shim, Warkentin et al. 2002; Vahidov and Kersten
2004). In this fast-changing and complex business environment, the need for
decision support is expected to increase. At the same time, new technologies, such
as the Internet, advanced database management tools, and software agents enable new
types of DSSs to be developed to meet this need. Among all the DSSs extended
from the conventional model, those that can actively support decision making in

timely fashion attract the most attention from researchers (Silver 1990; Eom 1999).

One of the most significant changes in the business environment is the increase in the
speed of market change. As market conditions change rapidly, quick decisions need
to be made with the most up-to-date information. To fulfill this need, real-time
decision support systems (RDSSs) have been developed. The aim of RDSSs is to
provide up-to-date information, and “guarantee end-to-end response time” to decision
makers (Delic, Douillet et al. 2001). RDSSs have several characteristics which
distinguish them from traditional DSSs. RDSSs are characterized as continuously
monitoring the environment, gathering timely data from managed systems, and
quickly generating views appropriate and useful for decision makers to make timely
decisions (Chaturvedi and Hutchinson 1993; Delic, Douillet et al. 2001; Filip,
Donciulescu et al. 2002). RDSSs have been developed in several domains.
Chaturvedi and Hutchinson (1993) developed FMS-DSS, an RDSS for flexible
manufacturing system (FMS) scheduling and control. The FMS-DSS acquires

knowledge from historical data, manages objectives and inaccurate data, and supports

4
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real-time decision making. Aronsky and Hang (1999) developed an RDSS for
diagnosing and managing patients. This RDSS constantly monitors the emergency
department to identify patients who have particular diseases, and are eligible for
health care services. RDSSs are also used in traffic management in which timely
decisions have to be made. Zografos, Androutsopoulos et al. (2002) developed an

RDSS for roadway network incident response.

As mentioned, traditional DSSs offer passive decision support in which the process of
decision making is controlled by the user’s initiative (Rao, Sridhar et al. 1994).
Active DSSs (ADSS) are developed to change the role of DSSs in decision making; it
actively participates in the decision making process. The user is no longer the only
party that takes initiative; the system would be able to perform certain actions on
behalf of the user without getting specific commands (Raghavan 1991; Rao, Sridhar
et al. 1994; Carlsson and Walden 1999). Raghavan (1991) designed JANUS, an
active DSS which consists of four major functional components: knowledge bases;
elicitation, which includes an agent for active suggestion making; analysis, which
analyzes problems and critiques agents’ suggestions; and user interface, which serves
as the communication channel between the user and the system. Unlike JANUS, in
which a central knowledge base and an intelligent agent are used, Rao, Sridhar et al.
(1994) designed an active DSS in which decision making is distributed among several

agents and each agent has its own knowledge base.
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A more recent research stream in DSS is about combining the essential features of the
real-time and active DSSs. This new type of DSS is closely connected to the
enviromﬁent (Vahidov and Kersten 2004), and responds to changes by automating
much of the work (Hinkkanen, Kalakota et al. 1997). Vahidov and Kersten (2004)
defined this type of DSS as “situated DSS”. Besides the essential components of
traditional DSSs, a situated DSS has sensors and effectors which closely and actively
link the system to the problem environment. A situated DSS constantly senses the
problem area, generates alerts, utilizes data, models and knowledge to provide
decision support, implements decision on behalf of the user, and continuously
monitors the user’s activities (Vahidov and Kersten 2004). Two key characteristics
distinguish situated DSSs frqm the previous types of DSSs: connectiveness and
proactiveness. Connectiveness refers to the close links between the system and the
problem environment. With the close links, a situated DSS can get information from
the environment and react to the changes in a timely manner. Proactiveness refers to
the capability of supporting decision and monitoring environment without getting

direct commands from the user.

2.2 DSS and Software Agents

Software agent technology has been defined differently by different researchers.
One often cited definition was given by Russel and Norvig (1995). They described

an agent as “anything that can be viewed as perceiving its environment through
6
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sensors and acting upon that environment through effectors” (Russel and Norvig
1995). This definition of software agent is used in this study because the concepts of
sensors and effectors will be included in the design of our system. Agents have
several characteristics that can distinguish themselves from other software programs.
Agents are proactive; they sense the environment and act on changes proactively.
Agents are autonomous; they act on behalf of the users automatically. Agents are
intelligent; they can perform cognitive activities. Finally, agents are connected; they
can communicate with other agent systems, other software applications and users

(Wooldridge and Jennings 1995; Nwana 1996; Nwana and Ndumu 2000).

Traditional DSSs support decision making by providing user access to a data and
models “toolbox”. This passive type of decision support is considered less useful in
today’s dynamic business environment. Back in the late eighties, researchers started
to advocate an active approach of decision making support (Manheim 1988). The
improvement in computer technology and artificial intelligence in the later years
made it feasible to incorporate software agents with DSSs. Software agent
technology plays an innovative, active, and important role in the design and
development of DSSs. With built in software agent technology, a DSS is no longer

viewed as a tool, it is considered an active and autonomous decision making

assistance to the users (Bui and Lee 1999).

Software Agent and ADSS. The software agent is the essential building block of

7
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active DSSs (ADSS). Being proactive, connective, and autonomous, agents can
effectively facilitate active decision support. Balducelli, Costanzo et al. (2000)
developed an agent-based ADSS to support planning in emergency management.
The system includes three agents: a direct advisor agent, an automatic planner agent,
and the info provider agent. The direct advisor agent is designed to interact with the
user; the information provider agent accesses database to collect information; and the
automatic planner agent is responsible for providing a recommendation of action.
The use of agents allows the system to actively provide planning support for resource

allocation to improve the efficiency of emergency actions.

Software Agents and RDSS. Software agents play a critical role in the success of a
real-time decision support system (RDSS). Agents are built into RDSSs to enhance
the ability of sensing the environment and reacting to changes. Agents can work in
the back-end to support decision making in real-time. Lam, Cao et al. (2002)
developed an RDSS to support airport gate assignment decision making. The
intelligent agent was built into the system as a main module to determine the
candidate gates for aircraft. Agents can also work in the front-end to sense the
changes in environment in real-time. The stock market is one of the areas in which
changes happen in real-time and updated information is a critical element of success.
Luo, Liu et al. (2002) incorporated intelligent agents in their RDSS for stock trading.
In their system, agents monitor the status of stocks continuously and communicate

with users to collect requests and deliver results.

8
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Software Agents and SDSS. Software agents make it feasible to create both
connectiveness and activeness in traditional DSSs to build situated decision support
systems (SDSS). Maes (1995) argued that intelligent systems which incorporate
agent technology are situated in space and in time of the problem environment. An
agent’s capability of sensing can be used to monitor the problem domain in order to
discover problems, and seek and collect information used in decision making
(Vahidov, Chen et al. 2005). An agent’s capability of reacting can be used to
actively act on and react to the environment in the implementation stage after the
decision is made. Furthermore, like traditional DSSs, SDSS can use data, models,
and knowledge to support decision making. An agent-based distributed DSS for
supply chain management was developed by Hinkkanen, Kalakota et al. (1997).
This DSS comes close to the notion of a situated DSS. Three types of agents are
included in this system: a raw materials inventory agent, a production agent, and a
finished goods inventory agent. Every agent is specialized in one particular problem
area and takes action to optimize operations. The agents obtain information
electronically and implement decisions automatically by electronic channels such as
EDI, electronic messages, etc. By using agents, this DSS is considered both active

and situated.

2.3 DSS for Personal Finance Management

Personal finance is an area that has been largely neglected by DSS researchers.
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There are many fields in personal finance management such as planning and
budgeting, cash flow control, investment, taxation, and insurance (Kapoor, Dlabay et
al. 2001). The decision process in the field of financial management involves the
analysis of a large amount of data and performing calculations in real-time. The
applicability of DSSs to these kinds of tasks has led researchers to the design and
implementation of DSSs to fields of stock trading (Luo, Liu et al. 2002) and
investment decision making (Palma-dos-Reis and Zahedi 1999; Vahidov and

Fazlollahi 2004).

Unlike other fields in financial management, personal finance is about individuals.
Individuals with different profiles need different levels of decision support.
Palma-dos-Reis and Zahedi (1999) argued that DSSs for investment decision should
be personalized in order to fit an individual investor’s personal needs. They
proposed a framework for personalized DSSs which includes four modules: a
personalizing module, a meta-selection module, a selection methodologies module,
and a database module. The personalizing module is used to learn a user’s profile
and customize decision rules accordingly. The meta-selection module is the
“intelligent interface” which communicates with the user through a personalized
interface. The selection methodologies module carries out the selected methodology
for decision making, and the database module stores all the necessary data. The
system that they developed builds a user profile base on age, gender, and attitude

towards risk and uses this profile to make the best recommendation.

10
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Due to the complexity in financial management, distributed problem solving is
believed to be an effective way of providing real-time decision support to the user
(Luo, Liu et al. 2002). In distributed problem solving, multiple and cooperative
intelligent agents communicate with each other to solve problems in a specific domain.
This complex architecture requires a more comprehensive design. Researchers
therefore built a framework based upon the human decision process (Vahidov and
Fazlollahi 2004). The design was implemented by a DSS that helps individual users
make investment decisions. The design includes three groups of agents: the
intelligent group, which collects information from sources; the design group, which
generates proposals of sets of promising securities; and the choice group, which
critiques the proposals generated by the design group based on several criteria which
include the source of advice, investment returns, user preferences, and risk of the

securities selected.

3. A Layered Model of Situated Decision
Support System

3.1 Components of Situated Decision Support System

The generic architecture of a SDSS consists of four major components: sensors,

11
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effectors, a DSS kernel, and active interfaces (Vahidov and Kersten 2004). To sense
the changes in the environment, senéors are designed as an important component in
SDSSs. To act on those changes, effectors are built to send altering signals and
implement decisions. Besides sensors and effectors, the DSS kernel in SDSSs
contains the essential parts of a traditional DSS: data, models, and knowledge. The
active component in the DSS kernel is the “DSS manager” (Vahidov and Kersten
2004). The DSS manager actively assesses the generated decisions according to the
up-to-date situation, generates corrective actions if necessary, and keeps updating the
information contained in the kernel. The last component included in a SDSS is the
active user interfaces. The active interface connects users and the system. It
gathers users’ information, requirements, and decision activities; it also delivers

altering signals, recommendations, and decisions generated by the system to users.

3.2 The Layered Model

Layered architecture was introduced by researchers of intelligent agents. They
argued that agent systems are complex, especially multi-agents systems. Agents
span several levels of abstraction and the operation of agents depends highly on the
neighboring levels (Kendall, Krishna et al. 1998; Lemon, Cavedon et al. 2003).
Layered architecture is a clear solution to organize agents in different levels of

abstraction with control methodology (Fischer, Miiller et al. 1995).

12
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The layered model was first proposed by Miiller and Pischel (1995). They
developed inteRRaP, an application which incorporated the Hybrid agents. Hybrid
agents are agents that combine aspects of reactive agents and deliberative agents.
Reactive agents perform in the simplest sensing and reacting manner, they respond
quickly to the sensed information, and they require little support infrastructure
(Namee and Cunningham 2001). Deliberative agents are more sophisticated. They
have built-in models and they utilize the models to propose plans in order to achieve
goals. The inteRRaP application was integrated into a hybrid architecture which is a
layered model. The model contains three layers: a layer for reactive action, a layer
for deliberative actions, and a layer for cooperative actions. The authors argued that
a layered model can make the multi-agent environment more structured and organized;

it can also facilitate coherent action and interaction between agents.

It is useful to apply the layered model to the architecture of a SDSS because of the
following reasons: 1) the active components in a SDSS are carried out by intelligent
agents. Sensors, effectors, managers and active user interfaces are all active
components in a SDSS; 2) the components in a SDSS have clear and distinct
responsibilities and capabilities; 3) the operations of certain components such as the
DSS kernel highly depend on the information provided by other components such as
the sensors. Due to these reasons, we believe that a layered model is appropriate in

representing the organizations and operations of a SDSS.

13
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The components in a SDSS are separated into three layers: the reactive layer, which
includes the sensors and effectors; the operational layer, which is the DSS kernel; and
the judgmental layer, which includes the active user interface and the user. The

layered model is illustrated in figure 1.

Judgmental
Layer

Operational
Layer

Reactive
Layer

Figure 1. A layered model of SDSS

3.3 Reactive layer

The reactive layer contains the components that connect to the problem environment.

It is the layer through which the system can sense changes in the environment and act

14
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on those changes. In SDSSs, sensors and effectors are the components included in
the reactive layer. According to Vahidov and Kersten (2004), the capabilities of
sensors include the ability to access information in the environment, process this
information, generate alerts when immediate action is required, adapt itself to
different environments, and make plans for the actions described above. The
capabilities of effectors are similar to those of sensors, but function in the opposite
direction. Effectors can connect to the environment to implement the decision
generated by the system. They also query additional information from the
environment when necessary, and adapt their abilities according to the changes in the
environment. Similar to sensors, effectors are able to plan all the actions by

themselves.

The idea of a reactive layer had originated from reactive agents. Reactive agents are
able to respond to a stimulus in the environment (Kendall, Krishna et al. 1998); they
can recognize emergency situations and deal with them directly (Fischer, Miiller et al.
1995). Sensors in the reactive layer actively respond to stimuli in the environment.
Once changes are sensed, they process the information and send it to the DSS kernel
for further processing. If the user’s judgment is required, sensors generate alerts and
communicate with the user through the active interface. If immediate action is
required, quick decisions can be made by sensors and implemented by effectors.
However, not all decisions can be handled this way; only authorized situations are

allowed.
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3.4 Operational layer

The middle layer of the model is the operational layer. It contains the DSS kernel,
which includes the traditional DSS components (data, models, and knowledge) and
the DSS manager. Data, models, and knowledge are the passive elements of the
DSS kernel, and the DSS manager is the active component (Vahidov and Kersten
2004). In the operational layer, data is stored, information is analyzed, alternative

solutions are generated, and recommendations are made.

The component of data in the DSS kernel is responsible for storing relevant data of a
certain domain and the data gathered by the sensors and the active user interface.
The model component includes financial, mathematical, or other quantitative models
that provide the kernel’s analytical capabilities. The component of knowledge
contains the relevant expert knowledge of the domain which provides intelligence to

the decision making.

In addition to the above components, the DSS manager in the DSS kernel is what
distinguishes SDSS from the traditional type of DSS. The DSS manager has a
knowledge base which contains business and decision rules of the problem domain
that enable it to control the operations of data, models, and knowledge. The DSS
manager enables the analysis of the situation and provides decision support without
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the user’s direct command. However, this capability is not applied in all situations.
Only situations within the given authorization limits are allowed, otherwise, the user’s

judgment is needed from the active interface in the judgmental layer.

3.5 Judgmental layer

The judgmental layer is the topmost layer. It contains the active user interface and
the user. It is called judgmental layer because in this layer, the user communicates
with the active user interface to make judgments. The user’s involvement is one of
the major differences between DSSs and autonomous agents. In DSSs, the user is
considered part of the system (Turban and Aronson 2001). The user’s judgment is
cruciai for DSSs since the role of a DSS is not to replace the decision maker, but to
assist decision making by providing recommendations. However, in the traditional
type of DSS, the interaction between the decision maker and the system is intensive.
The complexity of the DSS and its interface have become one of the major problems
that prevent its effective use by decision makers (Vahidov 2005). To reduce this
complexity, a recent stream of research is to design and develop intelligent and active
user interfaces by using intelligent agents (Hejley and Murray 1993; Sproule and

Archer 2000; Vahidov 2005).
The active user interface is an intermediary which connects the decision maker and

the system. It transfers input from the user to the system and output from the system
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to the user. It generates alert signals to the user and queries for additional
information if necessary. It maintains and updates the user’s profile in order to
personalize the communications and decision-making support. For example, if the
active interface detects that the user spends most of his money on food every month,
the interface may infer that the user is biased towards food purchases. This

characteristic is considered in all the related analysis in the system.

4. A Design Method for Situated DSS

4.1 Design Method

When a new type of IT system is proposed, the question of how to effectively develop
it is the next most important issue. If we don’t have an appropriate method for
design and development, the quality of system may be reduced. Since newly
designed IT may not have architecture similar to that of older systems, the old type of
design guidance may not be applicable anymore. Therefore, for new types of IT

systems, we need a new kind of design method to guide the development.

A design method is a part of a design theory. “Design theory” is a concept proposed
by Walls, Widmeyer et al. (1992) for information systems. According to Walls et al.,
design theory is an integration of user requirements, types of system, and methods for

producing the system. Design theory is beneficial because it sets up the scope of a
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system within which structured and accurate design guidance is provided for system
designers and developers. According to Walls et al., an effective design theory can

improve system development quality and outcome.

Like other types of IT systems, DSSs have a development method that best fits their
nature. This method is referred to as “iterative design” by Keen and Scott Morton
(1978). Iterative design is also known as “prototyping” (Turban and Aronson 2001).
In prototyping, a working prototype of the system is developed according to the very
initial analysis, which may include a needs assessment, a system analysis, and a
system design. Next, the analysis, design, and further development of the prototype
are iteratively carried out until a fully functional system is developed. Prototyping is.
most beneficial when the problem and environment are less structured and when there
is uncertainty about user requirements (Laudon, Laudon et al. 2002). The traditional
type of DSS is developed to help managers solve semistructural and unstructual
problems in organizations. Therefore most DSSs were developed through the

prototyping process (Turban and Aronson 2001).

4.2 The Need for a New Design Method

Situated DSSs offer a new way to support decision making. It has a model that is
different from other types of DSSs. Specifically, a situated DSS differs from other
types of DSSs in terms of structure and user.
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Structure

Situated DSSs have a layered model Which organizes functional components in three
levels of abstraction: judgmental layer, operational layer, and reactive layer. The
layered model is inspired by the software agent architectures. It is totally different
from the traditional “toolbox” DSSs. The essential components (data, models, and
knowledge) in traditional DSSs become parts of the DSS kernel in the operational

layer and they are controlled by an active component: the DSS manager.

Situated DSSs assist decision making actively with its active components. Active
components (sensors, effectors, active UL, manager) are built by using agent
technology. By incorporating agents in a DSS, we are able to make the SDSS situate
in the problem environment, sense what is going on in real time, analyze and react to
changes without direct command from the user. On the other hand, the traditional
types of DSSs are “isolated” from the environment, therefore they cannot provide the
user with the latest information, and the decision making process is totally dependent

on the user’s initiative.

User

The user’s role in a SDSS is greatly different from the one in traditional types of

DSSs. In traditional types of DSSs, the user’s communication with the DSS is very
20
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complex and intensive. The user needs to have full knowledge about the problem,
be able to input all the necessary information, read complex reports, and provide
direct command for decision making. On the other hand, the complexity is reduced
in SDSSs because in the judgmental layer, the user communicates with an active user
interface. This interface provides simplified manners for data input, maintains a
user’s profile, generates signals, and transfers system output into a user-friendly
format to reduce complexity. With the SDSS, the user is no longer required to have
full knowledge with the latest information because sensors are there to provide this
service. Moreover, the user is notified of changes in real-time since the system is
situated in the environment. In SDSSs, the user is required to give judgment instead

of direct command. SDSSs can process selected tasks without user initiative.

The type of user that SDSSs can serve is different from traditional types of DSSs.
Traditional types of DSSs were designed to support managers who need to solve
semistructural and unstructural problems in organization. However, since a SDSS
does not require the user to have full knowledge and communication between user
and system is much simpler, it can serve users with different knowledge and skill in

many different fields, such as investment in securities and real estate, etc.

Due to all these differences between SDSSs and the old types of DSSs, the old design
method may no longer be applicable and problems may arise if we apply the old

method to the development of the new system. The first problem is that subtasks
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identified in the prototyping approach are not assigned to any layer. The layered
model cannot be implemented without identifying subtasks that belong to each layer.
Secondly, in the old design method, the prototype of a subtask is added to the other
developed prototypes to form the final system. However in the layered model, rather
than simply adding components together, the integration of the system requires
communication between components within one layer and between neighboring
layers to be well defined. The third problem is that a user of a SDSS does not
necessarily have full knowledge about the domain. However, with the old design
method, user knowledge is crucial. The user needs to have full knowledge in order
to participate in the development process as well as to use the system. The fourth
problem with the old design method is that it is not designed to provide the user with
the latest information in real-time because the old design method is built for “toolbox”
DSS, not for features like situatedness and activeness. The comparison between
TDSS and SDSS, old design method, and problems encountered are summarized in

table 1.
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TDSS SDSS Initial Design Problems
Method encountered
(prototyping) when initial
design method
is applied in
SDSS
Architecture Data management, Layered The process starts 1). Subtask is
model management, architecture which | with overall planning | not identified by
knowledge-based contains reactive and analysis. Next, using the
management, and layer (sensors and a subtask is selected. layered
user interface effectors), Then the analysis, approach. So
subsystems are operational layer design, and prototype | we don't know
connected together. (DSS kernel), and implementation are which layer it
judgmental layer iteratively performed | belongs to. 2).
(active Ul and until it is sufficientlty | The
Structure user). developed. Then communication
Technology DBMS, MBMS, Software agent and | other subtasks are between subtask
organizational technology of the selected and and other part of
knowledge base. TDSS. developed as the first | the SDSS is not
Relationship Isolated. System Situated. System | oncandaddedtothe | defined
with the cannot access to the | is situated in the deployed system.
problem latest information problem (Turban and Aronson
environment and cannot react to environment, 2001)
the changes in senses changes and
real-time. reacts in real-time.
Type Managers Many other types User is required to 1). User does
of individuals have full knowledge not necessary
about the problem have full
Required Full knowledge of Knowledge to domain. ~ User knowledge
knowledge the domain make judgment participates in every about the
User when it is stage of development | domain. 2).
necessary to provide User does not
requirement and necessary have
evaluation. the latest info

about the

environment.

Table 1. Summary of the difference between TDSS and SDSS, the initial design method and

problems
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4.3 A New Design Method

Base on the analysis discussed above, in this section we will propose a new design

method for the layered architecture of situated DSSs.

1. Define the scope of the decision problem.
The first step is to do an overall analysis in order to define the decision problem. In
this step, we scan the environment to decide what major decision and implementation

tasks need to be supported by the situated DSS.

2. Identify the task breakdown structure.

In this step, we break down the decision problem identified in the first step into
subtasks. We produce a tree-like breakdown structure for the tasks, where the major
problem is broken down into several subtasks, which in turn divide into smaller
subtasks. We should break down subtasks until the subtasks are specific enough for

implementation.

3. Assign the tasks to one of the three layers of the SDSS.

Tasks that have to do with the problem environment, such as sensing and reacting to
the changes in the environment, should be assigned to the reactive layer. Tasks like
analysis, computation, proposing alternatives, and generating reports, all of which
involve the operation of the DSS kernel, should be assigned to the operational layer.
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Tasks that involve the user and communication between the user and the system

should be assigned to the judgmental layer.

4. For each task, define coordination requirements with other components.
Tasks are assigned to one of the three layers in the previous step, but they are not
isolated from each other. Therefore, methods of communication, flows of

information, and operations of coordination must be defined before development.

5. Design and implement the components.
Once the scope of the problem is identified, tasks are assigned to layers, and their
coordination is defined, we are ready to move to the actual development of each

component and implementing them as a whole system.

In the next section, the design method will be illustrated by using the development

process of a prototypical SDSS for personal finance management.

4.4 Application of the Design Method to the Problem of

Personal Finance Management

There are several reasons for choosing the problem of personal finance management
as the application with which to illustrate our design method. 1) Personal finance
management is an important domain largely overlooked by DSS researchers. As
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mentioned in section 2.3, very little DSS research has been done in the field of
personal finance management. 2) In addition, there are alarming trends in personal
finance management. For example, a recent report on family finance indicates that
Canadian families’ saving rate fell from 13% in 1989 to 2.1% in 2003, and the annual
saving level in 2003 was only one quarter of the one in the early nineties (Sauve
2004). Also, according to Statistics Canada’s newest report on economic indicators,
personal saving rates fell down to 1.9% in the first quarter of 2006

(http://www40.statcan.ca/l0 1/cst01/indi02a.htm). In the United States, the situation

is even worse. In the year 20035, the personal saving rate in the US sank to -0.5%
(Waggoner 2006). According to economists, the situation of spending too much and
saving too little will create difficulty for individuals and impact adversely to the
nation’s economy (Merrill 2006; Naroff 2006). 3) To stop spending too much and
saving too little, we need to plan and budget effectively and control our spending
accordingly. This is not as easy as it sounds. Without proper management, it is
very difficult for individuals to adhere to a financial plan. Because of these reasons,
software and tools are built to help people manage their personal finance. An
application of ‘“Personal Finance Course” was developed by Connaissance
Technologies, a company which specializes in developing multimedia training
applications. This application provides interactive instruction and practice which
allow the users to learn the concepts of personal finance, and use the knowledge to
develop financial plans. Popular commercial personal finance management software

currently in the market includes Microsoft Money and Quicken. While these
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software programs are there to help people manage bills, organize taxes, and optimize
investment portfolios, the situated DSS would aim to encourage users to set up
realistic financial goals and budgets. Moreover, the situated DSS would prompt
users with the latest changes and proactively guide them in the process of

implementing the budget.

The scope of the system could include the major domain areas of personal finance
management. These are financial planning, banking, investments, insurance, and
taxation. These can be further broken down into more subtasks. Figure 2 shows
the tree-like breakdown structure of personal finance management and its major

aspects. Figure 3 shows the subtasks of each major aspect.

Figure 2. Breakdown structure of personal finance management and its main aspects
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Figure 3. Breakdown structures of the main aspects

After the subtasks are identified, they are assigned to one of the three layers of the
system. Table 2 shows the allocation. Budgeting, for example, is assigned to the
judgmental layer. This implies that budgeting will be done by the user in
collaboration with the active user interface. User judgment is necessary to this
subtask. The task of generating alternative budgets is allocated to the operational
layer because analysis and calculation are done by the DSS kernel to generate
alternative solutions. Tracking spending is assigned to the reactive layer. The
sensors in the reactive layer are responsible for this task. Sensors monitor the user’s

spending activities and generate alerts if necessary. The effectors are responsible for

28

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



automatic money transfer.

Major Task Judgmental Operational Reactive

Planning Developing financial goals; Generating alternative budgets; Tracking spending;
Budgeting; Assessing feasibility of goals; Generating alerts;
Revising financial goals; Assessing spending pattern; Recommending corrective
Revising budget Generating periodical reports actions

Banking Managing bank accounts; Executing scheduled
Schedule transactions; transactions;
Transferring money Executing money transfers

Investing Deciding on investment plan Proposing investment plan; Executing investment plan

Generating investment reports

Insurance Developing insurance goals; Proposing alternative investment Scheduling insurance
Developing insurance plan plans payments;

Finding insurance providers'
information;

Monitoring insurance

providers

Taxes Preparing income tax return Producing income tax return Sending income tax return to

governments

Table 2. Allocation of subtasks

Coordination here is achieved by assigning specific subtasks to different components
and exchanging information between components. There are four types of
information being exchanged within the system: 1) the information collected from
the environment by the sensors; 2) the messages used to communicate with other
components; 3) the information exchanged between the active user interface and the
user; 4) and the information passed to the environment. Messages exchanged
between components are the major method of coordination. Here, we adopt the

communication protocol of agent systems. Karacapilidis and Moraitis (2001) built
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an agent-mediated e-commerce system with decision making features in which the
agents communicated with each other by exchanging messages. In their system,
each message type has a certain structure associated to a particular task. Messages
exchanged between components in a SDSS also convey particular semantics
associated to a particular task. In this way, once a component receives the message
sent from another component, it immediately knows what procedure or operation
should be performed. For example, for the subtask of financial planning, one type of
messages exchanged between sensors and the active Ul are the observations of

abnormal spending. The structure of this type of message is presented in figure 4.

<msgliD>infomsgA1</msglD>

<sender>sensor001</sender>

<receiver>Ul001</receiver>

<infotype>

<typ1 = obsv>
<activity1>
<name>overSpending</name>
<category>c1</category>
<amount>170</amount>
<Date>04-21-2006</Date>
<action>infolmme</action>
</activity1>
</typi>

<finfotype>

Figure 4. Message of abnormal observation

The first three lines in this message indicate the message ID, the sender, and the
receiver. The <infotype> tag contains the body of the message. Tag <typl>

indicates the type of message, and in this case, the type is observation. The body of
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the <activity> tag is the content of the message. From the content, the active Ul can
recognize that this is a message about overspending. The category in which
overspending happens is “c1”. The amount of overspending is $170, and this event
takes place on Apr 21, 2006. “<action>infolmme</action>" indicates that the active
UI should inform the user immediately about this observation. This message is an
example of the messages exchanged by components of the SDSS; the other messages

contain similar structures.

Once the type and content of the communication are defined, we are ready to

implement the design into working prototypes.

5. Research Methodology

5.1 SDSS prototype for personal finance management

To illustrate our approach and investigate the effectiveness of the model, we
developed a web-based prototype SDSS for personal finance management using

Coldfusion MX 7. The prototype was developed for one of the major areas in

personal finance: planning. Financial planning is one of the most important keys to
succeed in managing personal financial resources. Effective planning includes
setting up realistic financial goals, building feasible financial budgets, and

implementing the budgets accordingly in order to keep the goals reachable (Ahmad,
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2000; Kapoor, Dlabay et al. 2001). The purpose of the prototype SDSS was to assist
the user in setting up realistic financial plans and to guide him/her through the
implementation process. A unified modeling language (UML) activity diagram that
roughly presents the workings of the SDSS is shown in figure 5. The diagram
outlines the operation of the prototype SDSS. The scenario begins with activities
pertaining to the development of feasible financial goals and budgets. Then the
implementation of the budget is monitored. The user is notified if significant
variation is observed and periodical reports are generated. Detailed operation of the

three layers is presented below.

Judgmental layer Operational layer Reaoctive layer

Develop financial goals
Set up monthly budget

Monitor spending pattem

Assess feasibility of goals

Reviss goais & budget Generate altemstive budgets

((setect budget to follow Y=

Upaate

Generate alert
Assess apending patterm “
Significgnt Suggest corrective action
ayon

Generate periadical report

¥ Generate sacond round ait budgal-)Z

One manth

Choose final budget

Figure 5. SDSS activity diagram

The active user interface works with the user to set up financial goals and a budget.
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Here, to reduce the amount of input required from the user, an interface is provided
with a list of the most common goals such as retirement, buying a car, etc. The
interface is shown in figure 6. The user is asked to enter the year in which he/she
would like to reach the goal and the amount of money. After the goals are developed,
a similar interface with a list of budget categories, such as income, fixed expenses,
and variable expenses, is provided to help the user set up a monthly budget. The
interface for developing the budget is shown in figure 7. Next, the system provides
the option of choosing to invest his saving to the user (figure 8). Three types of
investments (stocks, bond, and GIC) are provided with detailed descriptions. After
the user enters the amount of investment, the self-defined goals and budget are stored
in the database for further analysis. An alert about the updated goals and budget is

sent to the DS manager in the operational layer.

L i
W want to be protectaed
financially when we catire.
Floase specify ir how mary
years yaud think you will ratiea e
and tha amouat of enonay you
il like 1o have in arder ta have
a safe and snjoyatie
retirgrment,

Target walun

1 wars s [BE0EE

4] Retiremern

Education s vany important for
your kids. Please sperify i
: Children Fiowe mary yoare you K your
@ Eduration kida will be going to callege {20 Jyeurs {30000 ]
anin how Much maney you
think they may need.

Thinking about grving yoursalf a
break? F‘leasa annel'v m how
mary years you will

Fim ] Vacatlan yoursalf o enjoyabie acation | ]yaars 1 |
and how.much monsy you witl
need to make the vacation
unforgettatile.

Yau may be planning to stap
paying rent but havs your own
propety. Plaase specify i how
mansy yoars. yauwill huy your

Buying a house or conda, Entar tha (
Bl ousercondn  amount of dows pay you 1A |vaars  $[30000
will have to pay. Usually, the

down payment starts frorm 6%
of the tatal price of your favor
house/cande.

Thinking about buying yaur first
2 chan cary

1 Buying & car years 8| 1

Wil ik to hown in arder te pay
the down payment,

You muy want to ba
reeducated in order to change

— Carear

Figure 6. Developing goals
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Your total monthly net income,
Ihcome includes satary, scholarship, $=3000
bursary, support from parents or
spouse, efc.
Menthly rent, martgage
. payments... The fixed amnunt you [ a———
Housing have to spend every month for 5@_———]
your housing.
. Automobile loan payments, gas, ~ fomT -
Transportation licanses, other transportation § lsi-—_-t
Foad Food from supermarkets or
groceries
- Telephone, electricity, water,
Utilties cable TV, Intemet, stc
Insurance Insurance payment
Entetainmant Books, music, movie, etc
Fashion Clothesg, shoes, etc
Dining out Fast food, coffee, restaurants
PR Bathroarn paper, shower lotion,
Supplies ete

Figure 7. Developing a budget

Yearly, you can chocse to invest sume money in the foliowing optians:
stock, bond, and GIC

1. Stocks. Stock offer the patentiai for & high return {market aversge
ratur. 10%), bt i 1t is ziso fho mast rizky investment

2. Bonds. Bonds are a less nsky type alirvestment than stocks | and
have a relafively lower retusn (svarags return. 4%).

3. GiCs. GICs ars Guaranived lovestmant Cantificates. # is 3 nek fes type
of wvestmens, but offer ihe lowast ratum {average raturm: 2%) compared to
stocke and bonds.

Please consider the risk and the average ratusn of these three types of
investments and enter the ancout of maney you veauld Jike to invest. The
retutn you will get i calculated kased on the average setum rate,

Plugse anter the amount of meney you would fike to invest for pach option
Yaou can invest in mora than oma oplion or you can chooss nat to invast al
all by entaring 03

Plaase note that the sum of the monay You vweant o invast cannot be jarger
than the amaunt you have ( $ 17520},

Figure 8. Investment

The feasibility of goals is assessed in the operational layer. The active interface’s

alert prompts the DS manager to control the DSS components to perform the
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calculation based on the data of goals and budget stored in the database. The
purpose is to check if the user’s goals can be achieved with the self-defined budget.
If not all of the goals can be reached, the DSS kernel tries to generate a set of four
alternative budgets which can make the goals feasible. If no alternative budget can
be generated, that means that the user’s financial goals are too unrealistic; in this case,
an alert is sent to the judgmental layer where the user is asked to revise his/her goals
and budget. If goals are feasible within the self-defined budget, while the user is
given the option to keep his own budget, the system still proactively generate four
alternative budgets for consideration. The purpose of generating alternative budgets
is to allow users to explore other expenditure options and invest their money with
different levels of risk and surplus, while keeping their goals reachable. The risk
level is determined by the allocation of money invested in the categories of stock,
bond, and GIC. Generally, stock is the most risky type of investment; bonds are less
risky and GIC is the safest among the three (Kapoor, Diabay et al. 2001). Therefore
the more money invested in stock, the higher the level of risk. The return of

investment is calculated based on the market’s average return rate.

These four alternative budgets are generated based on three criteria: make sure the
user can meet all the predefined goals; take the categories’ flexibility into account;
and let the user choose from budgets involving different risk and surplus levels. The
list of the four alternative budgets is shown in figure 9. The amount of each

category in budgets is calculated by using the formula:
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AP = 4 +F(SP,~SP)

Where SP, = IC - SA(R,,SP,, PG)

In the above expression, 4,is the amount of money that should be spent in the ith
spending category. F, is the flexibility ratio of the ith category. Each category of
spending has a flexibility index. The index indicates how flexible the spending of
this category is. For fixed expenses, such as rent, the flexibility index is 0. The
flexibility ratio is the ratio of dividing a flexibility index by the sum of all the indices
which are larger than 0. SP, is the total flexible spending of the proposed budget.
SP, is the total flexible spending of the self-defined budget. Therefore SP, —SP, is
the adjustable amount between the two budgets. F,(SP,—SF,) is the adjustable
amount in the ith category. A4 is the amount of self-defined spending in the ith
category. By adding F,(SP,-SP,) to A4, we get the proposed spending in the ith
category, A7 . IC stands for monthly income. Finally, S(R;,SP,,PG) means
saving is a function of risk level, surplus level, and percentage of goals met in the
jth alternative budget. Alternative budgets are found by using the optimization
approach. As the model we use here is linear, an iterative improvement
hill-climbing algorithm for searching is used (Renders and Bersini 1994; Han and
Kamber 2001). The goal is to find the best solution in a certain range of risk and

surplus level (R, and SP,), while making PG close to or equal to 1. The detailed

alternative budget is shown in figure 10.
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L 1 dont want to accept this budget 1

Figure 10. Detailed alternative budget
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Once the four alternative budgets have been generated, they are displayed by the
active Ul to the user. The user can then choose the budget that fits his/her preference
in terms of risk level, surplus level, and allocation of money in different spending

categories. Once the budget is chosen, the database for the user’s profile is updated.

During the normal spending period, the sensors in the reactive layer monitor the
user’s activities. The user’s expenses are categorized by the spending categories in
the budget and summed up in order to get the actual total spending of a particular
category. The data of actual spending pattern is sent to the operational layer for
assessment. If significant variation is observed, alerts will be sent to the user.
Monthly, a report is generated by the DSS kernel in the operational layer. The report
tells the user how well he/she followed the budget and if his/her goals are still feasible
with the current spending pattern. The monthly report is shown in figure 11. While
observing the user’s spending, the DS manager processes the observation and updates
the user’s data in the database. Every three months a quarterly report (figure 12) is
presented to the user. The quarterly report summarizes how well the budget is
followed in these three moths. If the actual spending deviates significantly from the
budgeted one, the DS manager will proactively generate another set of alternative

budgets for the user to consider.
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Figure 12. Quarterly Report

This set of alternative budgets is called the second round alternative budgets. These
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budgets are generated based on four criteria. The first three criteria are the same as
the ones in the first set of alternative budgets (meet all the goals, consider the
flexibility, and choose from different risk and surplus levels). The new criterion for
this set of budgets is the consideration of the actual spending pattern observed.

SP/

11 =SB/ +a(SF" - SF/)

The expression above indicates how the actual spending pattern is taken into account.
We use the method of exponential smoothing (Brown, Meyer et al. 1961) to calculate
the spending in a certain category (SP’,). Exponential smoothing is the most
common model-free forecasting method. An exponentially weighted moving
average with a smoothing constant & is the most basic exponential smoother
(Gijbels, Pope et al. 1999; Arsham 2006). In our case, we take €= 0.5. This
indicates that the considerations for the self-defined budget (SP”) and the actual
spending pattern (SP”) are equal. The alternative budgets adapted from the actual
spending pattern can better represent the habits and preferences of the user while
keeping the spending under control. An example of the second round budget is
shown in figure 13. In this example, the system detects that the user spends a lot on

food and little on supplies as shown in figure 12. Therefore it adapts the budget to

put more money in the category of food and less money in the category'of supply.
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Figure 13. Budget adapted from actual spending

5.2 Research hypotheses

The situated DSS provides effective decision support by sensing what is going on in
the problem environment, utilizing DSS facilities to generate alternatives, and
undertaking implementation. In doing so, it offers active decision support to
decision makers in real-time. It especially tunes in to the needs of decision makers
who need to function in a constantly changing environment by monitoring activities
and providing the most up-to-date information. Therefore, we believe that the SDSS
is more effective in providing active and timely decision support to decision makers

than traditional DSSs (TDSS).
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The hypotheses of this study take “type of decision support system” (SDSS vs. TDSS)
as an independent variable. The moderating variable is the user’s “degree of
activeness in financial planning”. And the dependent variable is the “effectiveness

of the decision support system”.

The effectiveness of the decision support system is determined by the decision
outcome and subjective perception. In the following H1 to H4, we hypothesize that

the SDSS provides more effective decision outcomes than the TDSS.

H1: SDSS users will have greater achievement of goals than TDSS users. The
achievement of financial goals is the number of goals a user can reach after
implementing the budget. If a user overspends, not all of his financial goals will still
be feasible. SDSS is an active decision support system that is situated in the
environment. It prompts alerting signals to the user when abnormal spending is
observed. Therefore, the user will be able to keep their goals reachable during the

implementation process.

H2: SDSS users will have more improvement in achievement of goals than TDSS
users. The improvement in achievement of goals is defined as the increase in the
number of goals a user can reach during the implementation process. Individuals’
spending activities change constantly. Without proper reviews of our activities, our

financial goals may easily become unreachable. A SDSS not only helps the users to
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set up financial goals but also provides active and timely supports to help them keep
their goals feasible. The system notifies the users once it detects that the users’ goals
are no longer reachable with the current spending. In this way, the users are aware
with the situation and are able to improve their spending to increase the number of

goals they can reach.

H3: The proportion of SDSS users who can achieve all of their financial goals is
larger than the proportion of TDSS users. A user’s ultimate objective is to be able
to realize all the financial goals. A good system should be able to help the users to
achieve this objective. If more users can reach all of their goals by using the system,
the system is considered more helpful. The SDSS is expected to be more helpful

than the TDSS.

H4: SDSS users will have more improvement in following a budget than TDSS
users. The improvement in following a budget is defined as the increase of the
consistency between the spending activities and the budget. Whether goals can be
achieved highly depends on whether pre-defined budget is well followed. The SDSS
encourages the users to set up realistic budget and guides them through the
implementation process. With the proactive supports provided by the SDSS, users
are expected to be able to adjust their activities to stay within budget. With the
adjustment of spending activities, SDSS users are expected to improve in following

their budgets over time.
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In the hypotheses HS5 to H7, we hypothesize that users of SDSS will perceive the
system as being useful and will be satisfied with the decision process. We also

expect that users of SDSS will not perceive the system as being difficult to use.

H5: The perceived usefulness of a SDSS is higher than that of a TDSS.

H6: The perceived ease of use of a SDSS is not lower than that of a TDSS.

H7: SDSS users will have more satisfaction with the decision process than TDSS

users.

The main purpose of a SDSS is to assist users in finding the most feasible budget and
implement it successfully. Users who are active in financial planning are more
willing to plan for their goals and more likely to review the progress frequently. For
users who are inactive in financial planning, the SDSS may provide active support to
help them set up financial goals and a budget, and provide constant supports during
the implementation process. For the active financial planners, the support provided

by the system may be less significant. Therefore, in hypothesis H8, we hypothesize

that the SDSS is more effective for users who are inactive in financial planning.

H8: A SDSS is more effective in supporting inactive financial planners than active
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Sfinancial planners.

5.3 Measures

Objective measures. The achievement of goals was measured by the average
percentage of goals achieved in the period of three months. The improvement of goal
achievement was measured as the average difference of the percentage of goals
achieved between months. The proportion of users who can achieve all the goals
was measured by dividing the number of users who can achieve all the goals by the
total number of users. Lastly, the improvement in following a budget was calculated
in the following way. We first calculatedv the deviation of the actual spending and
the budget for each month. Then we calculated the difference between these
deviations. The value of improvement was attained by calculating the average of

these differences.

Subjective measures. The subjective measures we used to gauge the effectiveness of
the system are “perceived usefulness”, “perceived ease of use”, and “satisfaction with
process”. Whether a system is effective or not depends on how people perceive the
quality of the assistance or support that they have obtained from the system. To get
this information, we used self-report measures because they collect people’s opinion

directly.
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The measures of “perceived usefulness™ and “perceived ease of use” were adopted
from Davis (1989). They are well-known measures used in assessing the
effectiveness of information systems. The validity and reliability of these two
measures have been proven in many other studies. We employed the following six
items (seven-point likert scale from “strongly disagree” to “strongly agree”) for the

measure of “perceived usefulness”:

1. Using the system would improve my performance on personal finance
management.

2. Using the system would help me implement my financial plan.

3. Using the system would help me achieve my financial goals.

4. Using the system would help me follow my financial budget.

5. Using the system would enhance my effectiveness in managing my personal
finance.

6. I find the system would be useful for managing my personal finance.

For the measure of “perceived ease of use”, we included three items (seven-point

likert scale from “strongly disagree” to “strongly agree”):

1. My interaction with the system will be clear and understandable.

2. Using the system will require little mental effort.
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3. I find the system will be easy to use.

The measure of “satisfaction with process” was adopted from Paul, Seetharaman et al.
(2004). In this study, three items are included (seven-point likert scale from

“strongly disagree” to “strongly agree”):

1. Twould be satisfied with the interaction with the system.
2. 1 would be satisfied with the guidance provided by the system.

3. I'would be satisfied with the feedback provided by the system.

A new measure of “activeness of financial planning” was created by using two
indicators of activeness of financial planning: the frequency of financial planning, and
the frequency of evaluating financial plans. The frequency of financial planning was
measured with self-reported frequency on a 4-point scale (labels: “never”, “less than 1
time a year”, “1 to 3 times a year”, and “more than 3 times a year”). Similarly, the
frequency of evaluating financial plans was measured with self-reported frequency of
a 6-point scale (labels: “never”, “less than 1 time a year”, “1 to 5 times a year”, “5 to

10 times a year”, “1 time a month”, and “more than 1 time a month™).
y

5.4 Experiment
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We performed experiments to investigate the effectiveness of the SDSS prototype
empirically. We compared the performance and the user’s experience of the SDSS
with that of the traditional DSS (TDSS). The TDSS was a subset of the SDSS. It
included data, models, and interface. The data in the TDSS included the user’s
financial goals, self-defined budget, and actual activities. The models in the TDSS
allowed calculations used for the assessment of feasibility of financial goals based on
the self-defined budget, and the difference between actual activities and the
self-defined budget. The interfaces for developing financial goals and budgets were
the same as the ones in the SDSS. The interfaces also allowed viewing of the

assessment of goals and the difference between activities and budget.

For all the participants, the task in the experiment here involved selecting and
implementing a feasible budget. Prior to the selection, participants were asked to set

up their financial goals, monthly budget, and investment.

For the group of SDSS users, the system then evaluated the feasibility of goals based
on the self-defined budget and proactively generated four alternative budgets. Once
the participants chose a budget, they implemented the budget in a simulated
environment (the simulation will be discussed in the next section). During the
implementation, the system monitored the participants’ activities and generated
periodical reports. Once the implementation was finished, the system again

proactively generated another set of alternative budgets which matched the spending
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pattern of the subjects. The participants then could select one of these budgets for

future reference.

For the group of TDSS users, after goals, budget and investment were set up, the
system evaluated the feasibility of the goals based on the budget. Then the
participant implemented the budget in the simulated environment. After three
months of implementation, the TDSS generated a detailed report which included the
differences between the budget and the actual activities in these three months, and the
evaluation of the activities based on the user’s financial goals. The screen shots of
the TDSS can be found in the instructions of TDSS, which is included in the appendix

A.

The participants of this study included undergraduate and graduate students from
Concordia University. Participants were randomly assigned to one of the two types
of DSS (TDSS and SDSS). Before they started the experiment, a brief introduction
was given by the experiment instructor. Detailed written instructions on how to use
the system was also given to the participants, and they were required to read it
carefully before they started the experiment. They were also given the procedural
information for the questions on demographic information and the questionnaire about
their perception of the system. The instructions are shown in the appendix A.
Participants were asked to read and sign the consent form (Appendix B: Consent form)

before they proceeded. Once they were ready to start, they log into the system by
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using the user name and password provided by the experiment instructor. After
logging in, a page with the questionnaire for demographic information (Appendix C:
Demographic questionnaire) was shown, and the participants were asked to fill it in
before they could use the system. Once the participants started using the system,
they followed a step-by-step wizard to complete the tasks as described above. After
the final budget was chosen, a questionnaire was presented to the participants to
measure their perception of the usefulness, ease of use, and satisfaction of the system
(Appendix D: Perception questionnaire). Following completion of the questionnaire,

a ten-dollar reward was given to each participant.

5.5 Simulation

To monitor a user’s spending pattern, we created a simulation game which allowed
participants to do their shopping activities in the lab environment. Simulation has
been defined as a practice involving reality of function in a simulated environment
(Jones 1981; Jones 1998). A well-developed simulation game combines lifelike
experience in a controlled environment. Simulations can provide interactive,
entertaining, and experiential environments. Computerized simulation provides the

advantage of easy data collection because human errors can be eliminated (Noy and

Ravid 2006).

Simulations have been used widely as tools that enhance learning (Thavikulwat
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2004) . Simulations provide a dynamic environment for learners that can enhance
their understanding of theories and concepts through active interaction in the artificial
environment (Yeo and Tan 1999; Buchanan 2001). Simulations are also used in
preparation for emergency situations. They offer opportunities for effective planning
for fast response, evacuation, and casualty handling in case emergency events occur
(Jain and McLean 2003). As tools, simulations have been suggested for research
into behavioral science, professional training, business trading, information system

analysis, and many other areas (Keys 1997; Yeo and Tan 1999; Noy and Ravid 2006).

One major concern about simulations is the validity of the method. Research has
been done to investigate and assess the internal and external validity of this research
tool. Researchers have found that generally, simulation as a research tool was
considered as valid and reliable (Streufert, Pogash et al. 1988; Lamond, Crow et al.
1996; Devitt, Kurrek et al. 1998; Gaba, Howard et al. 1998; Jentsch and Bowers 1998;
Deyvitt, Kurrek et al. 2001). According to the findings, the more accurately the
simulation represents the reality, the greater the validity of the study (Adelman 1991).
To increase accuracy, researchers suggest the following. 1) Use appropriate
hardware and software to develop simulation. For PC-based simulation, interruption
caused by hardware and software problems should be avoided during the simulation
because interruptions may not occur in reality. 2) Add details to increase realism.
For example, in a simulation of aircrew communication, use of headphones and

background radio chatter would increase the sense of reality (Jentsch and Bowers
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1998). 3) Present information in a form which subjects would normally use

(Lamond, Crow et al. 1996).

The simulation game that we created was used to simulate twelve weeks of shopping
activities. There were five categories of spending activities: food, dining out,
entertainment, supplies, and fashion. The categories of food, supplies, and fashion
contained the major shops that belong to these categories. The categories of dinning
out and entertainment contained the major activities. For example, the category of
entertainment included going to clubs, bars, and movie theatres. To increase the
sense of reality, instead of the name, we used the store’s logo to represent a store.
Subjects who normally do shopping in these shops are very familiar with the logos.
It was easier for them to associate the logos with the shopping activities they were
asked to do in the instructions. The amount of money subjects spent in each shop
was determined by the simulation game. The amount was calculated by the mean
and standard deviation of the spending in a particular category and the six sigma rule
was followed. A typical individual’s spending was set as the mean, and such an

individual’s spending variation was set as the standard deviation.

The subjects were asked to read instructions about the experiment before they started,
and the explanation of the simulation was placed in the “Caution” part at the
beginning of the instructions in order to get subjects’ attention. In the instructions,

subjects were informed about the structure of the simulation, its purpose, its
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functionality, and the subject’s role as a shopper. Before the simulation started, a
brief instruction appeared again to remind the subjects about how the simulation
worked. Subjects visited the stores by clicking on the logos. Once the logo was
clicked, the amount of money spent was determined by the system and shown to the
subject on the screen. As the subject visited more stores in the category, he/she
would be informed of the total amount of money spent for that category. Figure 14

is a screen shot of the simulation interface.
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You just spent §12 in faovies
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Fashion Tk You have epent $74 for fashion

Figure 14. Simulation

5.6 Results

A total of 68 subjects participated in the experiment. Two of them did not complete

the experimental task and were thus considered non-responses. The remaining 66
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observations were retained for further analysis. Among these participants, 38 were
male and 28 were female. The average age of the participants was 29 years. The
average computer experience was 6.8 years. 70% of the participants reported having
more than 6 years computer experience. The average Internet experience was 6.5
years. 58% of the participants stated having Internet experience for more than 6
years. This indicated that participants had no trouble in interpreting and following

the simple step-by-step web-based wizard provided by the systems.

The subjects were randomly assigned to one of the two groups: SDSS as the treatment
group, and TDSS as the control group. Out of the total of 66 subjects, exactly half

(33) were assigned to the treatment group, and the rest were assigned to the control

group.

Reliability and validity of the measures were tested. Reliability was measured by the
Cronbach’s alpha. As shown in the table 3, high reliability was found for the
measure of perceived usefulness (PU: 0.93), perceived ease of use (PEU: 0.807), and

satisfaction with process (SP: 0.874).

Construct Cronbach’s Alpha
PU 0.93

PEU 0.807

SP 0.874

Table 3. Cronbach’s Alpha
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Validity was tested by factor analysis. From the rotated component matrix (see table
4), we can see that the factor loadings with bold fonts are visibly correlated with each
other, which is a strong proof for convergent validity. At the same time, the loadings
on one construct are significantly higher than the loadings on the other constructs.

This proves that the measures have strong discriminant validity.

Reotated Factor Matrix 2

Eactor
1 2 3
PU1 .822 421 .232
PU2 .81 .302 .305
PU3 651 .378 .315
PU4 .640 454 .095
PU5S .609 .343 404
PU6 .603 187 491
PEU1 462 .084 .610
PEU2 .096 215 .790
PEU3 326 .281 677
SP1 .365 .708 .07
SP2 .280 .749 .345
SP3 300 JI55 355

Extraction Method: Maximum Likelihood.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 9 iterations.

Table 4. Factor analysis

Activeness of financial planning was calculated by standardizing and summing the
two item discussed in section 5.2.2. The Conbrach’s alpha for this measure is 0.61,
which indicates an acceptable level of reliability. Participants were classified as
either active or inactive based on a median split of the combined activeness scores.
33 out of 66 participants were classified as active financial planners and the other 33

were classified as inactive financial planners.
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As discussed in section 5.2.2, the level of goal achievement was measured by the
average percentage of goals achieved in the period of three months. To test
hypothesis H1, we used the Mann-Whitney Test. The result (table 5 and table 6)
shows that the level of goal achievement accomplished by SDSS users (group 1) is
significantly higher than the TDSS users (group 0). The p-value of the test is 0.000.

Therefore, hypothesis H1 is supported.

Treatment N Mean Rank | Sum of Ranks |
AVG 0 33 24.85 820.00

1 33 42.15 1391.00

Total 66

Table 5. Mann-Whitney Test: Ranks

Test Statistics®
AVG
Mann-Whitney U 259.000
Wilcoxon W 820.000
Z -3.943
Asymp. Sig. (2-tailed) .000

a. Grouping Variable: Treatment

Table 6. Mann-Whitney Test: Test Statistics

The hypothesis H2 about the improvement of goal achievement was tested by using
independent samples T test. The result suggests that the improvement achieved by
the SDSS user is higher than the TDSS (0.0616 vs. 0.0212, see table 7). However,
as shown in table 8, the result is not significant (p-value = 0.093). Therefore

hypothesis H2 is not supported at 5% level of significance.
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Std. Error

Treatment N Mean Sid._Deviation Mean
Goallmp 1 33 .0616 156147 .02637
0 33 0212 08367 01457

Table 7. Mean comparison for goal improvement between SDSS users and TDSS users: Group
Statistics

Independent Samples Test

Levene's Test for

Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference | Difference Lower Upper,

Goallmp  Equal vaniances

assumed 5.150 .027 1.341 64 185 04040 .03012 -.01977 .10058

Equal variances

not assumed 1.341 49.867 186 04040 03012 -.02010 10091

Table 8. Mean comparison for goal improvement between SDSS users and TDSS users:
Independent sample test

The hypothesis H3, which is about the proportion of users who can achieve all their
financial goals after the implementation of budget, was tested by using z-score.
After calculation, we obtained a z-score of 3.8082, and a p-value of 0.00007, which

suggests that hypothesis H3 is supported.

Hypotheses H4 was tested by independent sample T test. The results are shown in

table 9 and 10. Results indicate that H4 is supported (49.1152 vs. 31.1333, with

p-value = 0.025).
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Std. Error

N Mean Std_Deviation _Mean.

AbsAvg 1 i 49 1152 46 R9713 8 11172
0] 33 311333 22 40260 3 89979

Table 9. Mean comparison for the improvement in following a budget: Group statistics

Independent Samples Test

Levene's Test for
Equality of Variances t-test for Equality of Means
95% Confidence
Interval of the
Mean | Std. Emor Difference

F Sig. t df Sig. (2-tailed) | Difference | Difference | Lower Upper

AbsAvg Equal variances| o 004 | 1908 84 050 | 17.08182 | o9.00028 | 00168 |3506195
assumed

Eg;‘:;;’:;aegces 19908 | 46.043 052 | 17.98182 | 9.00028 | -13436 |36.09800

Table 10. Mean comparison for the improvement in following a budget: Independent sample test

The T test results in table 11 and 12 show that perceived usefulness (PU) for SDSS
users is significantly higher than that for TDSS users (p-value=0.037). That means
hypothesis H5 is supported. At the same time, perceived ease of use (PEU) for
SDSS users is not significantly different from that for TDSS users (p-value=0.191).
This means that hypothesis H6 is supported. Lastly, we did not find significant
differences of the means in the construct of satisfaction with process, therefore H7
was not supported. These findings indicate that the SDSS users perceive the system
is more useful than TDSS users, while both groups of users have indifferent
perception concerning the ease of use and satisfaction with the process when using the

systems.
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Std. Error

Treatment N Mean Std_Deviation|  Mean

FSPU 1 33 .2201490 .88981794| .15489742
0 33 | -2201490 1.0674800 18582443

FSPEU 1 33 | -.1085118 1.06252523 .18496190
0 33 1085118 93701900f 16311407

FSSP 1 33 .0781322 .89139367| .15517172
0 33 -0781322 110637991 19259602

Table 11. Mean comparison for subjective measures: Group statistics

independent Samples Test

Levene's Test for
Equality of Variances

t-test for Equality of Means

95% Confidence
Intervai of the
Mean Std. Error Difference
F Sig. t df Sig. (2-tailed) | Difference | Difference Lower Upper
PPy :g::rln:lnances 3.337 072 1.820 84 .073 | 44029807 | 24191720 | -.042987 |.92358323
Equal variances
not assumed 1.820 61.990 074 | 44029807 | .24191720 | -.043289 |.92388517
FSPEU " Equal variances 689 410 -880 64 382 | -21702357 | 24661124 | -709686 |.27563002
assumed
Equal variances
not assumed -.880 63.015 .382 | -.21702357 | 24661124 | -.709835 |.27578742
FSSP Equal variances 1.801 184 832 64 530 | 15626434 | 24732871 | -337832 | 65036023
assumed
Equal variances
nat assumed 632 61.228 530 | .15626434 | 24732871 | -.338263 |.65079136

Table 12. Mean comparison for subjective measures: Independent samples test

The results of the testing of hypothesis 8 (table 13 and 14) reveal that concerning both

systems, the effects of activeness in financial planning on PU, PEU and SP systems

are not significant.

Further data analysis (table 15 and table 16: activeness effects on

SDSS; table 17 and table 18: activeness effects on TDSS) shows that the insignificant

effect occur within both participant groups (SDSS and TDSS groups).

is not supported.
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Descriptives

95% Confidence Interval for
Mean

Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum

MPU 0 33 5.5253 1.14346 .19905 5.1198 5.9307 267 7.00
1 33 5.2879 1.34969 23495 4.8093 5.7665 1.67 7.00

Total 66 5.4066 1.24692 156349 5.1000 5.7131 1.67 7.00

MPEU 0 33 55152 1.00378 17474 5.1592 5.8711 3.00 7.00
1 33 5.5556 1.40353 24432 5.0579 6.0532 1.00 7.00

Total 66 5.5354 1.21089 14905 5.2377 5.8330 1.00 7.00

MSP 0 33 52727 1.09435 .19050 4.8847 5.6608 2.00 6.67
1 33 5.5354 1.34613 .23433 5.0580 6.0127 1.67 7.00

Total 66 5.4040 1.22442 15072 5.1030 5.7050 1.67 7.00

Table 13. Activeness in financial planning effects on both systems: Descriptives (0-inactive;

1-active)
ANOVA
Sum of
Squares df Mean Square F Sig.
MPU Between Groups .930 1 .930 594 444
Within Groups 100.133 64 1.565
Total 101.063 65
MPEU  Between Groups .027 1 027 .018 .883
Within Groups 95.279 64 1.489
Total 95.306 65
MSP Between Groups 1.138 1 1.138 756 .388
Within Groups 96.310 64 1.505
Total 97.448 65

Table 14. Activeness in financial planning effects on both systems: ANOVA

Descriptives

95% Confidence Interval for
Mean

N Mean Std. Deviation | Std. Error | Lower Bound | Upper Bound | Minimum | Maximum

MPU 0 19 5.8246 .84031 21572 5.3713 6.2778 3.50 7.00
1 14 5.3333 1.24379 33242 4.6152 6.0515 2.00 6.83

Total 33 5.6162 1.08931 .18963 5.2299 6.0024 2.00 7.00

MPEU 0 19 5.7544 .89472 .20526 5.3231 6.1856 3.67 7.00
1 14 5.6429 1.29736 .34673 4.8938 6.3919 2.00 7.00

Total 33 5.7071 1.06640 18564 5.3289 6.0852 2.00 7.00

MSP O 19 5.4211 .94177 .21606 4.9671 5.8750 3.00 6.67
1 14 5.3095 1.59306 42576 4.3897 6.2293 1.67 7.00

Total 33 5.3737 1.23816 .21554 4.9347 5.8128 1.67 7.00

Table 15. Activeness in financial planning effects on SDSS: Descriptives (0-inactive; 1-active)
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ANOVA

Sum of
Squares df Mean Square F Sig.
MPU Between Groups 1.945 1 1.945 1.674 205
Within Groups 36.026 31 1.162
Total 37.971 32
MPEU  Between Groups .100 1 .100 .086 772
Within Groups 36.290 3 1.171
Total 36.391 32
MSP Between Groups .100 1 .100 .063 .803
Within Groups 48.957 31 1.579
Total 49.057 32

Table 16. Activeness in financial planning effects on both systems: ANOVA

Descriptives

95% Confidence Interval for
Mean

N Mean |Std. Deviation | Std. Error [Lower Bound [Upper Bound | Minimum | Maximum

MPU 0 ] 14 5.1190 1.29830 .34699 4.3694 5.8687 2.67 7.00
1 19 5.2544 1.45548 .33391 4.5529 5.9559 1.67 7.00

Total 33 5.1970 1.37149 .23875 47107 5.6833 1.67 7.00

MPEU 0 14 5.1905 1.08379 .28966 4.5647 5.8162 3.00 7.00
1 19 5.4912 1.50869 .34612 47641 6.2184 1.00 7.00

Total 33 5.3636 1.33428 23227 4.8905 5.8368 1.00 7.00

MSP 0 14 5.0714 1.28222 .34269 4.3311 5.8118 2.00 6.67
1 19 5.7018 1.14878 .26355 5.1481 6.2554 2.33 7.00

Total 33 5.4343 1.22895 .21393 4.9986 5.8701 2.00 7.00

Table 17. Activeness in financial planning effects on TDSS: Descriptives (0-inactive; 1-active)

ANOVA
Sum of
Squares df Mean Square F Sig.
MPU Between Groups .148 1 .148 .076 .784
Within Groups 60.044 31 1.937
Total 60.192 32
MPEU Between Groups 729 1 729 .402 531
Within Groups 56.241 31 1.814
Total 56.970 32
MSP Between Groups 3.203 1 3.203 2.200 148
Within Groups 45127 31 1.456
Total 48.330 32

Table 18. Activeness in financial planning effects onTDSS: ANOVA
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In summary, 5 out of 8 hypotheses were confirmed at the 5% level of significance.
Hypothesis 2 for the improvement of goal achievement was not confirmed.
However, the goal achievement of SDSS users is significantly higher than that of
TDSS users. This might be due to the fact that SDSS users set up feasible financial
goals with the help of the system at the beginning. Therefore, even though the
improvement in goal achievement is not significantly different from that for TDSS
users, SDSS wusers can achieve most of their goals with a stable budget
implementation process.  Hypothesis 7 about satisfaction with process was not
confirmed either. In addition, this study did not show a significant difference in the
effect of activeness in financial planning on the effectiveness of the two types of
systems. The reason of the insignificant effect of activeness may be due to fact that
the simulation period included in this study was only three months. The period of
three months is apparently too short to reflect activeness. For example, if a user
reviews the progress of his retirement goal every year, he will be considered as an
active planner.  But this prototype system was not able to reflect a period of more
than three months. Therefore in the future study, it will be very useful to include a
longer period of simulation time in order to take a closer look at the effect of
activeness.  Although the above four hypotheses were not confirmed by the
statistical test, the overall results are encouraging. The SDSS was proven to be more
effective than the TDSS.  The resuits of hypotheses testing are summarized in table

19.
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Confirm.
Hypothesis SDSS mean TDSS mean P-value (0=0.05)
HI - goal achievement 42.150 24.850 0.000 Yes
H2 - improvement of goal
achievement 0.062 0.021 0.093 No
H4 - budget improvement 49.115 31.133 0.026 Yes
H5 - perceived usefulness 0.220 -0.220 0.037 Yes
H6 - perceived ease of use -0.109 0.109 0.191 Yes
H7 - process satisfaction 0.078 -0.078 0.265 No
Inactive
Active planner planner
PU:5.2879 PU: 5.525 PU: 0.222
HB8 - effect of financial planning PEU: 5.556 PEU: 5.515 PEU: 0.446
activeness SP:5.535 SP: 5.273 SP: 0.194 No
H3 - users proportion z-score: 3.808 0.000 Yes

Table 19. Summary of hypotheses testing

6. Conclusions

In this study, we argued that the traditional type of DSS is no longer effective in
providing decision support in a dynamic environment. The newly proposed situated
DSS, on the other hand, is situated in the problem environment, and provides active
and continuous support to decision makers in real time. We proposed a layered
model of SDSS which contains three layers: a reactive layer, an operational layer, and
a judgmental layer. The reactive layer contains sensors and effectors whose
responsibilities are sensing what is going on in the environment and implementing
decisions automatically. The operational layer includes the DSS kernel. The

judgmental layer includes the active user interface, which communicates with the user
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and maintains the user’s profile. To lay a solid scientific foundation in the
development process, we proposed a new design method for developing SDSS. We
also empirically tested the SDSS prototype for personal finance management based on
the conceptual model. Overall, the results of the experiments confirmed our belief
that the situated DSS would be more effective in providing decision support in a

dynamic and constantly changing environment than the traditional passive DSS.

One implication of this work is the possibility of the use of agents and their layered
architecture as tools for increasing the decision support effectiveness of DSSs.
Research in DSSs may be advanced using agents to increase situatedness by sensing
and reacting to changes in the problem environment in real-time. Situated DSSs can
be applied to other areas of decision making. Their usefulness will be optimal in the
areas 1) where changes happen continuously and in real-time, such as stock trading
and investment portfolio management, and 2) where the decision making process is
complex, such as strategic management. In strategic management, comprehensive
plans have to be developed to cope with the complex business and organizational
environment. In this situation, decision makers need to have superior knowledge
about the changes in the environment. The SDSS empowers users by providing

them with relevant information and responding to emerging situations.

For practitioners, the development of the SDSS for personal finance management in

this work can be considered as a way to increase the functionality and effectiveness of
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the existing systems. For applications of online banking, it is useful to provide the
SDSS as a “plug-in” service to customers. The SDSS can help them set up realistic
financial plans and guide them through the implementation process. This service
may encourage the use of online banking because it helps customers monitor their
spending and track the process of goals realization. For existing personal finance
management software packages (Microsoft Money), adding the SDSS as a feature
may increase the effectiveness of these packages. Currently, these packages are
“stand-alone” software; they have the tools to help users set up financial plans and

budgets, but they don’t actually guide users to implement them.

The main limitation of this study is the nature of the prototype systems. Due to time
and resource constraints, we only implemented one aspect of personal finance
management (financial planning) in the prototype systems. For future study and
experiments, other aspects should b¢ included to form a complete system. The
prototype system was a simplified working version. There are many other
considerations should be taken into account in the future development. These
considerations are listed in details below:
® Financial goals should be categorized into short-term goals, intermediate goals
and long-term goals. Long-term goals should be planned in coordination with

the other two types of goals (Kapoor, Dlabay et al. 2001).
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® Goal frequency is another important concept to be considered. For the goals
like vacations, may be set in a yearly basic. While other goals, such as
retirement, may be set less frequently (Kapoor, Dlabay et al. 2001).

® The interface for developing a budget can be further developed to support a more
detailed categorization. For example, for the category of income, with the
current version, the users were required to enter the sum of their net income from
many different sources such as salary, scholarship and support from parents, etc.
In the future development, we can layer this category to specify the breakdown.
This has two advantages. (1) The users don’t have to calculate the sum of
income, they just need to enter the single amount for each category, and the
program can calculate the sum for them, which will increase usability. (2)
When problems occur during the implementation of budget, the users can find out
the specific reason. For example, if a user overspends in the first month, and it
indicates that the reason for overspending is because the salary is not high enough.
In this way, it is easier for the user to figure out where the problem is and how it
can be fixed.

® The calculation of risk and return of investment was based on general
understanding and market average rate. More rigorous calculation should be
designed and carried out carefully in the future development.

® The prototype system used in this study does not include the user’s risk profile.

Risk profile is important because it determines the user’s risk tolerance which
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influences the decision of investment. User’s risk profile should be developed
and maintained as part of the user’s profile by the active Ul

® The level of situatedness can be increased by providing possibility of exploring
the reasons of discrepancy between the actual activities and the budget. For
example, a user may overspend on food in a month. This may due to different
reasons such as not enough budget was planned for food or occasional events
such as friends’ visiting. The program can force the user to think about the
reason. If it is because of the first reason, a revision of budget should be

performed. Ifit is a second reason, a revision of budget may not be necessary.

In this study, we tested the effect of a user’s activeness in financial planning on the
effectiveness of the two types of systems. In the future study, it is useful to test the
effect of experience in financial planning as well. The SDSS may provide
significant helps to the users who are inexperienced in financial planning. For those
users who are experienced or professional in financial planning, the assistance
provided by the system may be less significant. It will be interesting to study this in

order to find the right targeted users of the system.

Moreover, due to the limitation of a lab environment, we used simulation in the
experiment. In future studies, tracking the user’s activities in the real world will
provide a set of more reliable data. Another limitation of this study is the relatively

small set of samples. In the future, it would be good to involve more participants in
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order to produce more reliable statistical results. Finally, it will be necessary to
include more constructs to measure the system’s effectiveness. Prospective

constructs would include confidence, trust, and intention to use.

A concern with the development of commercial systems based on our model of SDSS
is the complexity of the system. It is true that developing a SDSS with layers and
software agents requires more analysis and development effort than developing a
traditional type of DSS. However, with the rapid advancement of computer and
Internet technology, the problem of complexity is less and less threatening.
Object-oriented programming brings reusable and maintainable objects which save a
lot of effort in the development of software applications. New development
techniques of web-application also make the implementation of SDSS more effortless.
For example, ColdFusion MX introduced the ColdFusion components (CFCs), which
combine key concepts from custom tags and user-defined functions into objects; these
objects are reusable and extensible. Therefore, in our opinion, the SDSS is a

promising direction of the research of decision support system.
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Appendix A: Instruction

Instructions for the SDSS users

Decision Station, a prototype for Personal Finance Management -- Experiment
Instruction

Decision station is a decision support system prototype that helps manage personal
finance. It helps you set up financial goals and budget, and you can implement your
budget through a twelve weeks simulation.

Caution: Please pay special attention to the following:

1. If you are in the middle of the experiment, a page is loading slowly, and you can
see the progress in the status bar, please be patient and wait until the information is
loaded completely.

Look at the status bar in the browser and please be patient when a page is loading
slowly. You do NOT need to click "Refresh” or "Back”. Wit until all the information
in the page is loaded.

2. Please read the following description of the weekly shopping simulation carefully.

- Imagining yourself is doing your normal weekly shopping.

- Clicking on a store logo is interpreted as you visit the store and spend money there.

- The amount of money is determined by the system. The amount is calculated base
on the normal amount of money people tend to spend in this kind of store and the
possible variation.
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- Twelve weeks activities are simulated.

Description

Week

Number How
much you
spent n
the store
is
geé;nﬁx]ﬁne

e
Clicking system,
the stome
o]

means

you visit ™

the store

3. This is a preliminary version of the system, or, a prototype. When you fill out the
questionnaire at the end, think about this prototype being further developed into a
complete version. And instead of simulation, the complete system would be able to
monitor one's actual spending activities and provide advice and feedback.

Steps:

Step 1: Login.

Step 2: Questionnaire

Step 3: Goals

Step 4: Budget

Step 5: Investment

Step 6: Evaluation of goals and budget
Step 7: Choose budget before simulation
Step 8: Simulation

Step 9: Choose budget after simulation
Step 10: Report
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Step 1: Login.

Input the username and password provided in the corresponding boxes and click the
button "Login".

Step 2: Questionnaire

Please finish the questionnaire for collecting the demographic information

Step 3: Goals

-- Select and specify your financial goals.
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1, Click the 2. Read the : v 4. Enter the
- TR 3. Enter the 4
checglabnx to select geacnl t\lvnn number of years target value $

Time to
yehieve

Wg want: 10 e pratected

grommn D P —

140 lyears  $|300000| |

| S Sttuthiiros SN

¥l  Retivment

3 safa and en;ayabia

The number of years must be in a reasonable range which is between 1 to 50. The
target value must be an amount larger than zero.

You can choose as many goals as you want. Click the button "Submit" after you
finish.

-- If this message appears after you click "Submit"in the goal page, you need to click
"Go Back" button to fix the problems. It is possible that you didn't select any goals, or
you selected goals but didn't enter the number of years or the target value.

The infornation your provided is not complete. This problem may caused by two
r2asons; (1) you didnt-select any goal; (2) you selscted a goal but you didnt enter
the target time of the target amount. Pleasa go back to check. You have to select at
least one geal, and once you selected a goal, you have to enter the target time.and
amount:

B Bark

-- If your goals have been saved successfully, you will be notified that your goals have
been saved. Click the button "Next" to continue
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Your goals have been saved,

Step 4: Budget

Yt tota monthly ned i Input vour
It inchottes satary, schilaship, Y
Inarn Laney, Bupncet bt parents of - m(’“ﬂﬂ)’ net
Hptuse, He income
' Monthly ront, mostgage
Howsie Bayianis... Ths fied sermunt iy
g Taaron S5 phend vy aanth Sor-
me
U Acgomobile logn mmm, gas,
Tessannuation Hcanses, ather & ot
Foud Food fram mpmwhm o Read the
grechries ﬂlﬁtl(m 1
" Twwphan, leciricRy, water, y an
Urkeins coble TV, e, ot mpnt the
_ . budget you
Trnurante Insurance paymin gj an to spend
Entetainmant  Books, masic, movs, ske r each
category
Fashion Chibes, shoes, otc
Daniny o Fast food, oollae, redtanaints
Supplins :ﬁ‘mcmmm A botin,
; While you are
inputing, you
see the
remamder

- Once you finish setting up your budget, click "Submit" button and you will be
notified that your budget has been saved. Click "Next" button to continue.
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Your budge! have been saved.

Step 5: Investment

Input the amount of money you want to put into each
investment option. You can leave the box empty if you
don't want to invest

Once you finish entering your investment, click the "submit" button and you will be
notified that your investments have been saved. Click "Next" to continue.

Y our investments have been saved, | Mext

Step 6: Evaluation of goals and budget
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Ewvaluation of your hudget {(Summary)

Click to
choose
YVOUr Own
budget

Click to see
what the
system
proposes

If your goals are too unrealistic base on your budget, the system cannot generate any
alternatives, you will see this message, and you will have to input another set of goals

and budgets.

The systern cannot.generate any alternative budget-foryou, because yourfinancial
goals are too unrealistic. Please modify your goals by reducing the amount-or
delaying the time to-make them more feasible. And you also need toredo your

budget since the-current one cannot meet yourfinancial goals.

Click here to modify my financial goalz and budgets.

Step 7: Choose budget before simulation

Evaluation of your hudget (Summary)

Click to

choose

YOUI OWn
udget

Click to see
what the
system
proposes
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Click to see
details about
this

alternative
budget

If you still
like your
own budget
§ wseamnalvl s U 1o SRt v DUl WOLL €0 CINC]

ere
Read the detail
of the budget
carefully

mended 1o
st §1EE00
R Click here if you
[ | wart to accapt this budget Ao ek oy follow
this budget
[ t don't want to-accept this budget }
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Once you select your budget, (your own one or the one proposed by the system) you
will see this message. Click "Next" button to continue.

Thank you for choosing the budget.

Step 8: Weekly Shopping Simulation

Description

Week

e How
much you
spent 1n
the store
is
determine

ot e 3 b dv the

g‘ll:‘.cstore o e Kida oy 8y ke

logo

youvisit

the store

-- During the simulation, every four weeks, you will see a monthly report. And at the
end of twelve weeks, you will see a quarterly report. Please read them carefully.
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Step 9: Choose budget after simulation

After 12 weeks simulation, you will be provided with another set of alternative
budgets. These budgets are generated by taking consideration of your spending
pattern.

_ Click here to keep
% o your old budget

These new budgets
better match your
spending pattern

Click to see the
detail of this
alternative budget
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Step 10: Report

After choosing the budget, a final report will be presented. Please read it carefully.
Click the link provided to finish the questionnaire.

s FHE00
Housing § 450
Tesmmportation L eI
o e R 5 385

Al T T e e 300

Tsuranes

L

Thmprke yiow for wour participatioor. )

Bloase shek hets 1o Snigh the ausstionmumos.

Click the link below to finish the questionnaire.

Thank you for your paﬁﬁici‘paﬁun.

Pleasa click here to finish the questionhaire.
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Instructions for TDSS users

Decision Station, a prototype for Personal Finance Management -- Experiment
Instruction

Decision station is a decision support system prototype that helps manage personal
finance. It helps you set up financial goals and budget, and you can implement your
budget through a twelve weeks simulation.

Caution: Please pay special attention to the following:
1. Please read the following description of the weekly shopping simulation carefuily.

- Imagining yourself is doing your normal weekly shopping.

- Clicking on a store logo is interpreted as you visit the store and spend money there.

- The amount of money is determined by the system. The amount is calculated base
on the normal amount of money people tend to spend in this kind of store and the
possible variation.

- Twelve weeks activities are simulated.

How
much you
spent In
store

determine
d by the
system,

E&:wwmtm;
00 bk et K13 W5 vemtionn -
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2. This is a preliminary version of the system, or, a prototype. When you fill out the
questionnaire at the end, think about this prototype being further developed into a
complete version. And instead of simulation, the complete system would be able to
monitor one's actual spending activities and provide advice and feedback.

Steps:

Step 1: Login.

Step 2: Questionnaire

Step 3: Goals

Step 4: Budget

Step 5: Investment

Step 6: Evaluation of goals and budget
Step 7: Simulation

Step 8: Report

Step 1: Login.

Input the username and password provided in the corresponding boxes and click the
button "Login".

Step 2: Questionnaire

Please finish the questionnaire for collecting the demographic information
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Step 3: Goals

-- Select and specify your financial goals.

1, Click the 2. Read the Enter the 4, Enter the
;:hhgcg!:g?x 1o select ga% t:ron ‘gumbe'r ofyears  targetvalue $

Time to

Jeseription A
P 1ehieve

We want 10 be protected
ol Vhen vt o

Retiemert o lyears sfooood |

s SRR AL

oney.yo
‘orderto have

@ safe and enjoyable

The number of years must be in a reasonable range which is between 1 to 50. The
target value must be an amount larger than zero.

You can choose as many goals as you want. Click the butfon "Submit" after you
finish.

-- If this message appears after you click "Submit" in-the goal page, you need to click
"Go Back" button to fix the problems. It is possible that you didn't select any goals, or
you selected goals but didn't enter the number of years or the target value.

The infomation yout provided is not complete. This problem may caused by two
reasons: (1) you didnt-select any goal, (2) you selected a goal but you didnt enter
the-target tifne or the target amount. Please go back to-check. You haveto select at
lsast ohe goal, and once-you selected a goal, you have to enter the target time.and
amount:
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-- If your goals have been saved successfully, you will be notified that your goals have
been saved. Click the button "Next" to continue

Your goale have been saved.

Step 4: Budget

Input
mou V net
income
Tepeithiby vk, mm@c
Hysi pugmants.. The Ried smivunt you L
- harew 10 spand gwery month for 830
Yo hagsiny. :
— - Aututrvbde lodn paymem. A
Trampottation lieamses, mmumnmm
Food fom suprmmanets o1 : Read the
Foed wocenss s/00 i description
s Tetuphone, slottricity, wate, [ I}' and
Whiktiss cable T, mwmtﬁw 0 . gl A put the
s udget you
Insurance inpurancs payrung ?0 nto spen d
Endertaintmng Baoks, musie, moe, st
‘ category
Fashipn Lhathes, shoes, et
g ool Fasthood, cofle, estarants SO0 |
Supphes 'g:m@m paper, showe b, I /
While you are
inputing, you
see the
remainder

Once you finish setting up your budget, click "Submit" button and you will be
notified that your budget has been saved. Click "Next" button to continue.
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Your butget have been saved

Step 5: Investment

Input the amount of money you want to put into each
investment option. You can leave the box empty if you
don't want to invest

™\

Once you finish entering your investment, click the "submit" button and you will be
notified that your investments have been saved. Click "Next" to continue.

Your investments have been saved, | Next
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Step 6: Evaluation of goals and budget

Evaltuation of your budget {Summary)

\\ Read carefully
\ .
}tfw evalnation
//of your budget

. Detgiled Report ,
(Vear ]

E

4~—-—~——-— Click Next to continue
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Step 7: Weekly Shopping Simulation

Description
Week
Number How
much you
nt
e store
is
iy determine
-t e W b ot d b‘\’ the
Clicking system,
the store
logo
means.
youvisit ™
the store
i e S 0 Lol
 rie e e G Wi
next
week

Step 8: Report

-- At the end of twelve weeks, you will see a quarterly report. Please read them
carefully.
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__The total amount vou spent for
- this eategory during the 12 weeks
simulation

.. Conclusion on your
activities and goals

P E— Click Next to finigh the experiment

Click the link below to finish the questionnaire.

Thank you for;y.m padicipation.

Pleaze click hare 1n finish the questignnaire.
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Appendix B: Consent Form

CONSENT FORM TO PARTICIPATE IN RESEARCH

This is to state that I agree to participate in a program of research being conducted by
Xin He of Department of DS&MIS of Concordia University.

Contact Information:

Name: Xin He

Department: DS&MIS Concordia University
Email: xin_he@jmsb.concordia.ca

Phone: 514-262-6616

A. PURPOSE
I have been informed that the purpose of the research is as follows: to interact and
evaluate a system for personal finance management.

B. PROCEDURES

The experiment will be conducted in a computer lab. Participants will be asked to
fill in a short questionnaire in which their demographical information will be collected.
Sample questions will be the following: what is your age group; did you take any
personal finance course before. Then participants will be asked to interact with a
system to do their financial planning and expense tracking in a simulated environment.
After using the system, participants will be asked to fill in a questionnaire in which
their opinion about the system will be asked. Sample questions will be the following:
using the system would improve my performance on personal finance management,
using the system would help me better implement my financial plan.

C. RISKS AND BENEFITS

Risk: The identity of the participant and the data collected are fully confidential.
There will not be any potential risk involved in this study.

Benefits: Participants will better understand their financial goals, budget, and how
they can manage their financial resources to reach their goals effectively. And $10
will be paid to participants at the end of the experiment for their participation.

D. CONDITIONS OF PARTICIPATION

® | understand that [ am free to withdraw my consent and discontinue my
participation at anytime without negative consequences.

® | understand that my participation in this study is CONFIDENTIAL (i.e., the
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researcher will know, but will not disclose my identity)
® | understand that the data from this study may be published.

I HAVE CAREFULLY STUDIED THE ABOVE AND UNDERSTAND THIS
AGREEMENT. [ FREELY CONSENT AND VOLUNTARILY AGREE TO
PARTICIPATE IN THIS STUDY.

NAME (please print)
SIGNATURE
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Appendix C: Demographic questionnaire

1. What is your gender?

O Male O Female

2. What education are you currently enrolled in?

O undergraduate O graduate O Ph.D O Other

3. What is your major?
O Finance O Accounting O MIS O Other business related major O Other

non-business related major

4. How long have you been using personal computer?

OLessthan lyear O 1lto3years O4to6years O More than 6 years

5. How long have you been using the Internet?

OLessthanl year O1to3years O4to6years O More than 6 years

6. What age group do you belongto? Owunder18 O18-25 026-30 O

31-40 O More than 40
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7. Did you take any course or training in personal finance management?

OYes ONo

8. Did you take any finance-related course?

OYes ONo

9. How do you rate your knowledge of personal finance management?

OVerylow OLow OModerate OHigh O Very high

10. How frequently do you perform financial planning (such as setting financial goals,
setting up budget) ?
O Never O Less than 1 time a year O 1 to 3 times a year O More than 3

times a year
11. How frequently do you evaluate the implementation of your financial plan?
O Never O Lessthan1timeayear O 1to5timesayear O 5to 10timesa

year OItime a month O More than 1 time a month

12. How frequently do you check your account history? O Never O Only if

necessary O Less than 1 time amonth O More than 1 time a month
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Appendix D: Perception questionnaire

1. Using the system would improve my performance on personal finance
management. '

Strongly disagree | —2 —3 —4 — 5 — 6 — 7 Strongly agree

2. Using the system would help me implement my financial plan.
Strongly disagree 1 —2 —3 -4 — 5 — 6 — 7 Strongly agree

3. Using the system would help me achieve my financial goals.
Strongly disagree 1 —2 -3 -4 -5 — 6 — 7 Strongly agree

4. Using the system would help me follow my financial budget.
Strongly disagree 1 —2 —3 —4 — 5 — 6 — 7 Strongly agree

5. Using the system would enhance my effectiveness in managing my personal
finance.

Strongly disagree 1 —2 —3 —4 — 5 — 6 — 7 Strongly agree

6. I find the system would be useful for managing my personal finance.
Strongly disagree 1 —2 3-4-5-6-7 Strongly agree

7. My interaction with the system will be clear and understandable.
Strongiy disagree 1 -2 -3 -4 -5 — 6 — 7 Strongly agree

8. Using the system will require little mental effort.

Strongly disagree 1 —2 -3 —4 — 5 — 6 — 7 Strongly agree

9. I find the system will be easy to use.

Strongly disagree 1 —2 —3 -4 — 5 — 6 — 7 Strongly agree
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10. I would be satisfied with the interaction with the system.
Strongly disagree 1 -2 —3 -4 -5 — 6 — 7 Strongly agree

11. I would be satisfied with the guidance provided by the system.
Strongly disagree 1 —2 —3 —4 — 5 — 6 — 7 Strongly agree

12. I would be satisfied with the feedback provided by the sysj:em.

Strongly disagree 1 —2 —~3 —4 —5 — 6 — 7 Strongly agree
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