


133

the requirements for an adaptive knowledge representation in the context of a home
energy management system. The system exploits sensor information to monitor electric
appliances and their surroundings. Based on this environmental information the status
of appliances is updated, influencing energy consumption.

The core of the home energy management system is formed by a rule based sys-
tem [5]. Such systems are typically very deterministic in nature, always producing
the same outcomes for the same input: a more dynamic approach is required for self-
management. Therefore, the main challenge addressed in this paper is the question how,
in the context of a home energy management system, a knowledge base can continu-
ously and adaptively be updated: to become self-managing.

The remainder of this paper is organized as follows: in the next section the ap-
proach introduced in [15] is summarized. Section 3 discusses requirements for the self-
managing home energy system and Section 4 outlines an approach to adaptive and
self-managing knowledge representation. The paper ends with a brief discussion and
conclusions.

2 An Autonomic and Context Aware Home Energy Management
System

A new green computing approach on the consumer side (demand side management) is
proposed in [15]. The proposed system considers two forms of energy management:
minimizing energy usage in single household and avoiding peaks in energy usage for a
larger residential area. A basic architecture is proposed to achieve this goal. A service
oriented framework, based on the complementary approaches of autonomic comput-
ing and context aware computing, is introduced. Context information is continuously
used to analyze the energy requirements of a household. Based on this information, the
home energy management system determines whether and how to influence the energy
consumption of individual devices. By selectively powering thermostatically controlled
devices —such as fridges, air conditioning units, electrical heating— on or off, energy
consumption is redistributed over time [12, 15] avoiding peaks in energy usage. Such
devices make up around 25% of the total energy consumption in the USA [9].

Residences of the household can add their own preferred energy usage profile. The
resulting service oriented framework reduces energy usage in households in an intel-
ligent and user friendly manner. Actual consumption can be analyzed with respect to
consumption constraints set by the system. If either consumption constraints are (close
to being) violated or user needs are unnecessarily high, then energy consumption should
be decreased and corresponding control actions need to be exercised on the appliances
of interest.

Fig. 1 illustrates the proposed architecture of the home energy management system.

The MAPE (monitor, analyze, plan, and execute) control loop from autonomic com-
puting [6] is adapted to be used to analyzing energy consumption of electrical appli-
ances. Considering a pool of electrical appliances that are instrumented to allow mon-
itoring and control. The monitoring consists of measuring the energy consumption of
these appliances. The measurements are fed to a control process (the Appliances Man-
agement Process or AMP in Fig. 1), which interprets these as the actual consumption,



134

l App mgr l:
( S )
Controlled domain
| App mgr

(e.g. household)

App mer - 7 ™ .
/ \Appliances
1

. J

I
-
CP }
UserInput Action performer

.| Decision Unit

Rules—]
L A
- —— N " Sensors
K CMP '] ECA| o
K Ctx mgr \ !
Focus of ) //. . .
this paper \/L J
| Ctx mgr | Ctx mgr
) 1)

Fig. 1. The basic architecture of the home energy management system. Adapted from [15].

and compares the consumption with the consumption constraints (in the Decision Unit
in Fig. 1). If, as a result of this analysis, it is decided that control actions are needed,
an action plan is produced. The action plan is derived with an algorithm that considers
time-shifting of the active state of appliances. Subsequently, the plan is executed (in
the Action Performer in Fig. 1) by performing the indicated control actions on the se-
lected appliances. Figure 1 illustrates the application of the MAPE control loop in the
top of the figure. The Decision Unit, which forms the focus of this paper (see Fig. 1) is
discussed in detail in Section 4.

With regard to analyzing consumer needs, the event-control-action (ECA) pattern
from context-aware computing [4] is used. Figure 1 illustrates the application of the
ECA pattern at the bottom of the figure. The environment of the appliances is con-
sidered. It is assumed that this environment is instrumented with sensors that are able
to measure relevant conditions. For example, measurements may be used to determine
context changes or situations, such as the presence of one or more persons in the house
or in a particular room, the activity mode (sitting, walking, sleeping) of a person, or a
person entering or leaving the house. Context situations and changes can generally not
be directly or reliably measured by a single sensor. A context management process (the
CMP in Fig. 1) is responsible for producing events that indicate the occurrence of a
context situation or change, based on reasoning which potentially involves sensor data
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from several sources. Events are fed to a control process, which applies them in rules
to determine actions related to perceived needs. For example, if nobody is in the house,
a rule may establish the action to set the preferred value of the heating at 15 degrees
Celsius. Whether the actions are really required depends on the supported needs. For
example, if the preferred value of the heating is already set to 15 degrees Celsius, no ac-
tion is needed. The comparison of the perceived and supported needs leads to an action
plan, which, if not empty, is subsequently executed by performing the indicated control
actions on the selected appliances.

A service-orientated architecture (SOA) is used to implement the approaches out-
lined above, see [15] for more details.

3 Requirements for Knowledge Representation

The high level goal of the energy management system is twofold: On the one hand, on
the household level, the system should minimize the total energy consumption of the
household, within fixed boundaries set by the household owner. On the other hand, on
the neighborhood level, the system should minimize fluctuations in energy demand, i.e.,
keep the energy consumption of the whole neighborhood as constant as possible. Note
that these goals can be conflicting. Energy providers can prioritise one over the other
by providing (monetary) incentives. The energy management system’s high level goals
provide the first system’s requirement:

1. the system should be flexible enough to optimize either of the two high-level goals
of the system: minimize local energy consumption or minimize global fluctuations
in energy consumption

Moreover, the system needs to be highly adaptive, in particular:

2. the system should be able to adapt its behavior at runtime and change the high-level
goal, depending on input from the environment

Finally, users should be able to customize the systems to their specific needs, setting
limits to the adaptive behavior of the system:

3. users, i.e., home owners, should be able to customize the system to their specific
needs.

Note that the last requirement is the most important one. This can potentially limit the
adaptive behavior of the systems. However, it is crucial that users should be able to
override the energy management system, even if this means that, for example, the air
condition is set to maximum in each room. No users will allow a fully autonomous
system to manage their energy usage. This issue is discussed further in Section 5.
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4 Towards Adaptive and Self-Managing Knowledge
Representation

The main self-managing component of the energy management system is formed by the
Decision unit shown in Fig. 1. This unit has to (autonomously) decide how appliances
are adjusted to meet the goals of the system. Fig. 2 shows the decision unit in detail.

The decision unit as a whole takes input from four different sources, namely (i)
sensor input, (ii) user input, (iii) other control process units (CPs) at other households
and (iv) rules. The sensor input comes from the Context Management Process (CMP)
and the Appliances Management Process (AMP). These units process the sensor in-
formation and provide (aggregated) context and appliances status information which
forms the basis for the adaption process. The user input gives the home owner the op-
portunity to override the (autonomous) decision unit, for example, indicating that the
air conditioning unit in a room cannot be put off.

To meet the goal of the system, global (at a neighborhood level) minimization of the
fluctuations in energy consumption, the control processes (CPs) in individual house-
holds need to communicate with each other. The CPs can be organized in a virtual
tree overlay [13] and work together to meet this goal, for example using the approach
outlined in [12, 14].

The heart of the Decision Unit is formed by a rule based system which consist of
Rule Select, Rule Adapt and Rule Engine components, see Fig. 2. It is assumed, since
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the application domain is known and unlikely to change rapidly, that the knowledge
base of the home energy system uses a fixed ontology, i.e., all rules are formulated
in the same (fixed) language. Rule based systems are traditionally very deterministic
systems. They consist of rules of the form shown in Example 1 below:

Example 1 (Rule base system)

matching condition 1 = effect 1
matching condition 2 = effect 2

matching condition n = effect n

A

By default the ordering of the rules defines the (operational) semantics of the system.
Rules are evaluated in order, and the first rule with a matching condition is executed, i.e.,
later rules that might match are discarded. Execution of a rule leads to an effect. In this
case something like altering the status of an appliance, i.e., lowering the temperature
of a fridge. Since the environment will change continuously different rules will be ex-
ecuted over time. However, given the same conditions the same rules will be executed,
making the system completely deterministic (static). To make the system more adap-
tive to its environment it should evolve over time, to meet the demands of a specific
household. There are several options that can be used to make the rule based system
adaptive, these include: (i) load specific set of rules based on the environment, for
example in the rule select unit a specific set of rules can be loaded that has as goal to
minimize global fluctuations instead of minimizing the local energy use of a household.
(ii) evolving rules, the rules can be changed based on genetic algorithms [3] or a neural
network [7]. (iii)weighted rules, in this approach all rules are weighted. Instead of ex-
ecuting the first matching rule all rules are selected and the rule with the highest weight
is executed. Fuzzy logic [8] like approaches can be used for this. (iv) hybrid approach,
combine some of the options above.

Evolving rules (item 2 above) effectively is typically difficult. Neural networks and
genetic algorithms try to merge and combine existing rules to produce new (better)
ones. However, a fitness function is required to determine if a newly generated rule
is better then existing ones. Finding a suitable fitness function is typically very hard.
Therefore this alternative is not further studied in detail here. Instead, a hybrid approach
that combines item 1 and 3 above is explored. The proposed adaptive rule based system
has the following properties:

— rules are weighted

— rules are bundled in a set, called the device set, per device

— rules can be added and removed per set

— sets can be added and removed to the rule base, the active rule sets that are used by
the rule engine



138

For each device there is an associated device set, consisting of weighted rules, that
determines the (adaptive) behavior of the device. Consider, for example, the following
three rules, shown in Example 2 below, that are part of the device set for controlling the
ac-unit in the master bedroom:

Example 2 (Weighted Rules controlling an AC unir)

(0.3) #people inroom > 1 & t > tmax & AC = off = AC = on & cooling=10
(0.7) +#people inroom > 1 & t > tmax & AC = off = AC = on & cooling=2

(0.5) #people in room = 0 & AC = on = AC = off

A

All three rules have a weight (0.3, 0.7 and 0.5 respectively). The first two rules share the
same pre-conditioning, that evaluates to the value true if there is more then one person
in the room, the ac-unit is turned off and the current temperature (¢) is higher then some
predetermined temperature (tmax, for example 25 degrees Celsius). However, the result
of executing the rules is different: executing the first rule results in turning the AC unit at
setting 10, in the second case the AC unit is turned on at setting 2. A higher setting leads
to a faster cooling of the room, but also a higher (at least initial) energy consumption.
Since both these rules share the same precondition, the one with the highest weight (the
second rule with weight 0.7) is executed.

By adapting the weights of rules, different energy consumption patterns emerge.
Again looking at the two rules mentioned above, in the current situation energy con-
sumption is low over a longer period. If the weights of the two rules are swapped, the
result would be a higher energy consumption, but for a longer period. In effect, the first
mechanism that is used to adapt the system is this changing (adapting) of the weights
of the rules. This makes it is possible to adapt the reaction of the system to a specific
situation.

Note that the third rule (with weight 0.5) has a different pre-condition. It evaluates
to true if there is no one in the room and the AC unit is on. The effect of executing the
rule is that the AC unit is turned off.

The Rule Select unit (from Fig. 2) loads selected device sets into the rule engine. By
periodically loading different rules into the rule engine, i.e., by changing the rule base,
the system adapts to its environment. Based on input from the environment different
(possibly conflicting) high level goals can be met by different rule-bases. This loading
of different device sets provides the second adaptation mechanism of the system.

User input, i.e., from home owners, can be mapped easily to rules that deal with a
specific appliance, for example, the air conditioning unit in the bedroom. The rule is
seen in the Example 3:
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Example 3 (User generated Rule controlling an AC unit)

(1.0) true = AC = on

A

User generated rules should always evaluate to true (hence the pre-condition in
the rule above). Also note that such rules should always be loaded (unless specifically
cancelled by the user) and should have high weights (in this example, the maximum
value of 1.0) to ensure that user generated rules are executed. Finally, note that the
weight of such rules should, in principal, not be adapted by the system.

The system provides two adaptation mechanisms: weight adaptation which is han-
dled by the adapt rule component and selective device set loading (and unloading),
which is handled by the rule select unit. Separating these mechanisms has the advan-
tage that its easier to reason about adaptation policies at a higher (strategic) level. This
is left for future work, as are specific rule adaptation policies.

In summary, the Decision Unit takes input from the user and other CPs. Based on
input from the environment (sensor info), weighted rules are adapted and selected. The
rule engine selects all matching rules and chooses the ones that have the highest weight
per appliance. These are then send to the action performer which adapts the status of
the appliances. This whole process is repeated periodically.

5 Discussion and Conclusions

This paper discusses an approach and architecture for a home energy system based
on an adaptive and self-managing knowledge representation. The system is based on
a weighted rule based system that adapts continuously to its environment. One of the
main challenges of this system is to meet its different, possibly conflicting, goals. And
while the current architecture should make this possible it remains to be seen if these
goals are not too conflicting to be unifiable in practice. It might be necessary to drop
the goal of lowering the global fluctuations in energy consumption to meet the user’s
preferences and minimize the local energy consumption of the household. Simulations
and/or experiments should provide more insight on this issue. This is left for future
work.

Another issue is how to scale this up to collections of households. A hierarchical
structure could be used in which the architecture can be repeated at different levels of
granularity. For example, a household has appliances as units that are being controlled;
an apartment has living units as the units that are being controlled; a city block has apart-
ments as units being controlled; etc. Finding the correct clustering of households [11]
that are controlled by one processing unit forms another challenge.

From a technical perspective it is not very difficult, with the proposed architec-
ture, to force control processes in different households to cooperate to reduce peaks in
(global) energy usage. However, this might lead to some considerable discomfort with
home owners, for example if they can use their air conditioning unit at the maximum
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setting, because a global reduction in energy consumption is required. Monetary incen-
tives, provided by energy producers who benefit from reduced peak usage, might help
lessen the discomfort of the home owner, as would specific policies set by local gov-
ernments. However, if this will be an acceptable solution remains to be seen. This issue
is further outside the scope of this paper.

A related issue is if an (semi) autonomous home energy management system will
be accepted by users. However, since there is both a monetary incentive (energy usage
is lowered which in turn leads to a lower energy bill) and since users can override the
behavior of the system this is probably less of an issue then the one discussed above.

Acknowledgements

The authors like to thank Boris Shishkov who was jointly (together with the first two
authors) responsible for the main idea behind the proposed energy management system.
The research presented in this paper has partially been funded by the Next Generation
Infrastructures project ‘Self-Managed Dynamic Institutions in Power Grids: Sharing the
Cost of Reliability’.

References

1. I. Akyildiz, W. Su, Y. Sankarasubramaniam, and E. Cayirci. Wireless sensor networks: a
survey. Computer networks, 38(4):393-422, 2002.

2. P.Clark W. Gellings. The Smart Grid, enabling energy efficiency and demand response. The
Fairmont press, 2009.

3. A. Corcoran and S. Sen. Using real-valued genetic algorithms to evolve rule sets for classi-
fication. ICEC, 94(2405):120-124.

4. P. Dockhorn Costa, L. Ferreira Pires, and M. van Sinderen. Concepts and architectures for
mobile context-aware applications. In Handbook of research on mobile multimedia, Infor-
mation Science Reference. Hershey, New York, 2008.

5. F. Hayes-Roth. Rule-based systems. Communications of the ACM, 28(9):932, 1985.

6. IBM Corporation. An architectural blueprint for Autonomic Computing. White paper, 2005.

7. E. Keedwell, A. Narayanan, and D. Savic. Evolving rules from neural networks trained
on continuous data. In The 2000 Congress on Evolutionary Computation CEC 00, pages
639-645, 2000.

8. G. Klir and B. Yuan. Fuzzy sets and fuzzy logic: theory and applications. Prentice Hall
Upper Saddle River, NJ, 1995.

9. P. Mazza. The Smart Energy Network: Electrical Power for the 21st Century. Climate
Solutions, 2002.

10. A. Middelberg, J. Zhang, and X. Xia. An optimal control model for load shifting - With
application in the energy management of a colliery. Applied Energy, 86(7-8):1266 — 1273,
2009.

11. E. Ogston and F. M. T. Brazier. Apportionment of control in virtual power stations. In /n
the proceedings of the international conference on infrastructure systems and services 2009:
Developing 21st Century Infrastructure Networks, 2009.

12. E. Pournaras, M. Warnier, and F. M. Brazier. Local agent-based self-stabilisation in global
resource utilisation. International Journal of Autonomic Computing (IJAC), 2010.



15.

16.

17.

141

E. Pournaras, M. Warnier, and F. M. T. Brazier. Adaptive Agent-based Self-organization for
Robust Hierarchical Topologies. In ICALS *09: Proceedings of the International Conference
on Adaptive and Intelligent Systems. IEEE, September 2009. (to appear).

E. Pournaras, M. Warnier, and F. M. T. Brazier. A distributed agent-based approach to sta-
bilization of global resource utilization. In Complex, Intelligent and Software Intensive Sys-
tems, International Conference, pages 185-192, Los Alamitos, CA, USA, 2009. IEEE Com-
puter Society.

B. Shishkov, M. Warnier, and M. van Sinderen. On the Application of Autonomic and
Context-Aware Computing to Support Home Energy Management. In The proceedings of
the 12th International Conference on Enterprise Information Systems (ICEIS 2010), 2010.
M. Stadler, W. Krause, M. Sonnenschein, and U. Vogel. Modelling and evaluation of control
schemes for enhancing load shift of electricity demand for cooling devices. Environmental
Modelling & Software, 24(2):285 — 295, 2009.

G. Strbac. Demand side management: Benefits and challenges. Energy Policy, 36(12):4419
—4426, 2008. Foresight Sustainable Energy Management and the Built Environment Project.

. R. Thomas, D. Friend, L. DaSilva, and A. MacKenzie. Cognitive networks: adaptation and

learning to achieve end-to-end performance objectives. IEEE Communications Magazine,
44(12):51-57, 2006.

F. Zhao and L. Guibas. Wireless sensor networks. Communications Engineering Desk Ref-
erence, page 247, 2009.



A Multimedia Database Server for Content-Based
Retrieval and Image Mining

Cosmin Stoica Spahiu, Liana Stanescu and Dumitru Dan Burdescu

University of Craiova, Faculty of Automation, Computers and Electronics, Craiova, Romania

Abstract. This article presents a possible extension of a software tool
implemented in C++ that manages multimedia data collections from medical
domain. An element of originality for this database management system is that
it includes a series of algorithms used for extracting visual information from
images (texture and color characteristics) along with classical operations needed
for databases servers. It is also presented a data mining algorithm adapted to the
database system that will be included in a future version.

1 Introduction

The images are an important class of multimedia data. The WWW is one of the
biggest multimedia repositories, including text data, images, video and audio data.
Most of the data type exchanged in real world is images. Although there have been
made efforts for developing search engines, content-based retrieval is rarely
implemented.

The raw data is not always useful. The real advantage is when data mining
techniques can be applied and obtained knowledge. That is why first step is to adapt
the techniques used for images processing.

In order to make the mining technology to be successful, it should be developed
for other types of data, especially for images. The image mining should consider
automatic classification, knowledge extraction, connections between images and other
new patterns. The extension of the data mining in the imagistic field is a natural
extension. It is an interdisciplinary domain that includes artificial vision, patterns
recognition, data mining, automatic learning, databases and artificial intelligence.

More than that, image mining must consider spatial information. The same pattern
might have several interpretations. That is why the mining algorithms for images are
different than the classical ones. An image pattern must be represented in a suggestive
form to the users using some characteristics of images. The information can be
presented at different levels of details: pixel, object, semantic concept, or pattern.

Most of the data mining activities have been made based on the similarity analysis
between a query image and the images from database. There are two categories of
image retrieval techniques: systems that use a text descriptor of the image and
systems that use visual content.

In the first category the images are described based of a text defined by the user.
They are indexed and retrieved based on basic descriptors such as: image size tags,
image type, acquisition date, owner id, keywords, etc. The types of queries that can be
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executed are: find images from database that match the following criteria: date of
capture (before 2010), size > 150 KB, and tag “clouds”.

The text descriptors are usually added by a human operator since the automatic
generation is hard to be done without incorporating visual information. It is a process
that is hard to be applied nowadays since the volume of information is high. More
than that, these descriptors are subjective and depend on the users’ perspectives.

When using the second category, the queries that can be executed follow the next
pattern: “find all the images that are most similar with the query image”.

The paper is structured as follows: Section 2 presents content-based retrieval
systems. Section 3 presents an overview of the server, Section 4 presents the image
data mining functionality and Section 5 presents the conclusions.

2 Content-based Retrieval

The Most important aspect in content based retrieval is to find a method to measure
the similitude of the images. The properties needed for methods used to compute the
similitude, are:

- Easy computing

- Correspondence with human reasoning

There are two ways to implement content based retrieval: content-based retrieval for
k-nearest vicinity (retrieves the most k similar images) and domain query (retrieves
all the images that have the similarity between specified ranges). In order to make fast
comparisons of the images, the system has to process off-line the images and to
extract and store the characteristics of the image. For example, the color histograms
describe the colors distribution and they are extracted before executing any content
based query.

The dissimilitude of two images must be a metric that generate small values for
similar images and large value for images that have only few in common. The
performance of such a system is limited by the quality of the images characteristics
[4][8].

The architecture of a content based retrieval system is presented in Figure 1.

a) The content-based region query: this type of query compares the image based on
their color regions. In the first step of the query, the images’ regions are being queried
instead of whole images. The total similitude of two images is computed based of the
distances computed for each region in part.

The content-based retrieval can be improved in quality by adding spatial information
to the query. In this case it is considered both the similitude distances of the
characteristics (texture, color) and the spatial values of the regions.

b) Spatial query of the images. In the last years there have been developed techniques
for spatial indexing that permits to retrieve objects based on the objects positioning.
These researches compare images where there have been already defined regions or
objects, as in Figure 2 [7].



144

Images from Database

[ Extract characteristicsl

v

Store characteristics Query image
Similarity Characteristics
measure extraction
RESULTED
1mages

Fig. 1. Architecture of the Content-based retrieval system.

O O O
®C© [|[OO ® O

a) Query imag b) A possible relative mach ¢) An absolute match

Fig. 2. Spatial query of the images.

In order to extract the color regions of the images there have been implemented
the Apriori algorithm proposed by Smith and Chang. For each color region that have
been detected it should be stored the following information:

e Image id

e Region id

e Color set of the image

¢ Coordinates of the regions

All these information will be used in the content-based image query process.

The spatial information is represented by the minimum rectangle that bounds the
region.

The characteristics that have been used in the proposed system are: color
histogram and texture (extracted using the Gabor method) [9][10].

The similitude between images is computed using histogram intersection and
quadratic distance.
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3 MMDBMS Overview

The MMDBMS that have been implemented allows database creation, table and
constraints adding (primary key, foreign keys), inserting images and alphanumerical
information, simple text based query and content-based query using color and texture
characteristics. The software tool is easy to be used because it respects the SQL
standard. It does not need advanced informatics knowledge and has the advantage of
low cost. It is a good alternative for a classical database management system (MS
Access, MS SQL Server, Oraclel0g Server and Intermedia), which would need higher
costs for database server and for designing applications for content-based retrieval.

Figure 3 presents the general architecture of the MMDBMS [1][2][3].

In the first step any application that uses the server must connect to the database.
This way it will be created a communication channel between them. All commands
and responses will use this channel to send queries requests and receive answers.

The server has two main modules: kernel engine and database files manager.

The kernel engine includes all functions implemented in the server. It is composed
from several sub-modules each of them with specific tasks[1][2]:

The Main Module. It is the module, which manages all communications with the
client. It is the one that receives all queries requests, check what is the type of query
requested, extracts the parameters of the query and calls the specific module to
execute it.

Queries Response Module. After the query is executed, the results will be sent to the
Queries Response Module. It will compact the result using a standard format and then
return it to the client. The client will receive it on the same communication channel
used to send the request.

Select Processing Module. If the main module concludes that is a SELECT SQL
command, it will call the Select Processing module. This module extracts the
parameters from the query and then search in the database files for specific
information. If the query is a SELECT IMAGE query, it will use for comparison the
similitude of characteristics instead equality of parameters.

Characteristics Extraction Module. When the main module receives a SELECT
IMAGE or a UPDATE query which uses an image that is not already in the database
it is needed first to process it.

This module is called to extract the color and texture characteristics of the image. The
data of the results will be used to initialize a variable of IMAGE data type.

Update Processing Module. When the query received from the user is an UPDATE
command, it will be called to execute it.

Delete Processing Module. It is called when the user executes a DELETE command.
The kernel executes only logic deletes. It never executes physical deletes. The
physical deletes are executed only when a “Compact Database” command is sent by
the user.

The second main module is the Database Files Manager. It is the only module that has
access for reads and writes to the files in the database. It is his job to search for
information in the files, to read and write into files and to manage locks over
databases. When a client module request a read form a file it is enabled a read lock for
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the specific file (that represents a table in the database). All other read requests will be
permitted but no writes will be allowed. If the client module request a write to file, it
will be enabled a write lock. No other requests will be allowed until the lock is
canceled.

SQL request

Kernel Engine

Fig. 3 General architecture of the system.

4 Image Data Mining

The information in raw form is not always useful. The real benefit comes when
“Interesting” patterns can be obtained based on the association rules. An association
rule tells us about connections between two or several objects. It is a rule of type A
=> B, where A and B are objects satisfying the condition A N B = ®.

In order to find specific combinations for objects that appear together in different
associations we have studied the Apriori algorithm. It will be implemented in a future
version of the system.

This algorithm will select the most “interesting” rule, based on two parameters
called support and confidence. The rule A=> B shows that anytime A appears in a
transaction, it is very possible to appear B also.

The support parameter shows the statistic meaning of a rule:

HTfeATT A~ BT}
|2
The confidence parameter shows the strength of a rule:
HT e DACT »~ BT}
HT e DA T

suppid = B) =

confld= B)=
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The rule probability confidence is defined as conditional probability:
pBcT[ACT).

The association rule can be also between two or several objects (A,B => C) where A,

B,CcU.

The association rule is stronger as the confidence parameter is higher. This last
parameter specifies the minimum support for frequent objects. All the subsets of
frequent objects are also frequent. An object can be frequent only if it is found to be
frequent in one of the algorithm’s steps.

The Apriori algorithm is presented next.

Algorithm 1 Apriori Algorithm

1. Find frequent item sets;
Fy = {u;| ||u;]| > minimum support}
for (K =2; Fy_1# O, K ++) do
Cx = {ep)e'® ne® e Fre_y}. where:
Cpp = (Ugy s ooy Uipe g Wiy By )
cle) = (Ui ooy Uiy g Uiy, )
clb) = (P RN THS |
el = 0;
for (vT.T C D) and (Vey,. ¢ € C ) do
if (¢ € T) then

llewll = llewll + 15
end if
end for
Fr = {ckl||ex|| = minimum support }
end for
F= UK Fr

2. Use the frequent itemsets to generate
strong association rules.

This algorithm will be implemented in order to find different patterns used for
automate classification of the images, based on the diagnosis. The system will be able
to find which part of the extracted features is characteristic for each disease. It will
also be able to say for example which characteristics are connected (used in early
diagnosis for some diaseases).

Because the data volume is higher and higher in the last years it is important to
find efficient algorithms for data mining. The presented algorithm scans the data for
few times depending to the biggest most frequent object. New enhancements can be
added by reducing the number of database parsing and the number of candidates that
were generated.

The version of Apriori algorithm that is based on partitions needs only two parsing
of the database. The database is divided in disjoint partitions, each of them small
enough to fit the memory.

During the first scan, the algorithm reads each partition and finds the most
frequent local objects. During the second parsing the algorithm computes the support
for each frequent local object, from the entire database. If one object is frequent in the
database it must be frequent at least in one of the partitions. That is why to the second
partition there are found the supersets with all the potential frequent sets of objects.
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5 Conclusions

The paper presents a possible extension of a software tool implemented in C++ that
manages multimedia data collections from medical domain. An element of originality
for this database management system is that along with classical operations for
databases, it includes a series of algorithms used for extracting visual information
from images (texture and color characteristics). It is also presented a data mining
algorithm adapted to the database system that will be included in a future version.

It is created for managing and querying medium sized personal digital collections
that contain both alphanumerical information and digital images (for examples the
ones used in private medical consulting rooms). The software tool allows creating and
deleting databases, creating and deleting tables in databases, updating data in tables
and querying. The user can use several types of data as integer, char, double and
image. There are also implemented the two constraints used in relational model:
primary key and referential integrity.

The advantages of using this intelligent content-based query visual interface are
that the specialist can see images from the medical database that are similar with the
query image taking into consideration the color and texture characteristics. In this way
the specialist can establish a correct medical diagnosis based on imagistic
investigation frequently used nowadays.

The system will include a data mining module that will be used for automate
classification of images and finding “interesting” patterns between characteristics of
the images.

This software can be extended in the following directions:

Adding new types of traditional and multimedia data types (for example video
type or DICOM type - because the main area where this multimedia DBMS is
used it is the medical domain and the DICOM type of data is for storing
alphanumerical information and images existing in a standard DICOM file
provided by a medical device)

Studying and implementing new algorithms for data mining that performs
faster on large image collections.
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Abstract. Information Quality is an ever increasing problem. Despite the
advancements in technology and information quality investment the problem
continues to grow. The context of the deployment of an information system in a
complex environment and its associated information quality problems has yet to
be fully examined by researchers. Our research endeavours to address this
shortfall by specifying a method for context related information quality. A
method engineering approach is employed to specify such a method for context
related information quality dimension selection. Furthermore, the research
presented in this paper examined different information systems’ context factors
and their effect upon information quality dimensions both objectively and
subjectively. Our contribution is a novel information quality method that is
context related; that is it takes the user, task and environment into account.
Results of an experiment indicate as well as feedback from practitioners
confirm the application of our method and indeed that context affects the
perception of information quality.

Keywords. Information quality, Method, Context, Method engineering.

1 Introduction

With the increasing importance of Data and Information Quality (DIQ), much
research in recent years has been focused on developing DIQ frameworks and
dimensions as well as assessment approaches. Researchers have developed a plethora
of frameworks, criteria lists and approaches for assessing and measuring DIQ. Despite
the vast amount of DIQ research, discussions with experts and practitioners as well as
recent studies indicate that assessing and managing DIQ in organizations is still
challenging and current frameworks offer only limited benefit.

Several researchers have addressed the question on how to define DIQ and many
have confirmed that DIQ is a multi-dimensional concept [1, 2]. Following prominent
definitions of “quality” as “fitness for use”, most researchers acknowledge the
subjective nature of data and information quality. Aiming to assess DIQ, many
objective and subjective assessment techniques have been proposed. Mostly, these are
developed for one specific context or domain, with limited general applicability.
Furthermore, despite the inherent subjective character of quality, foremost
frameworks and assessment methodologies are limited to consider the subjective
character in which the assessment is performed.
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Objective DIQ assessment uses software to automatically measure the data in
database by a set of quality rules whereas subjective DIQ assessment uses a survey or
interview approach to measure the contextual information by data consumers. A
single assessment result can be obtained from objective DIQ assessment. However,
we may obtain different assessment results from different information consumers.
With the development of both objective and subjective DIQ assessment, researchers
suggested to combine these two assessment methodologies. For example, Pipino et al.
[3] provide a framework to combine objective and subjective DIQ assessments. Kahn
et al [4] propose the PSP/IQ model, in which they assign two views of quality:
conforming to specifications (objective) and meeting or exceeding consumer
expectations (subjective).

Recognising the problem of limited context in DIQ frameworks, the aim of this
paper is to present an approach, which assist in adapting DIQ frameworks to various
contexts. In our work we follow the recent observation by researchers, to adapt
research results to specific application by providing an approach of contextualising
models [5]. In contrast to contribute yet another DIQ framework, in this article, we
describe a method to contextualise DIQ frameworks. In this sense, “context” relates
the content of the DIQ framework to the IS environments [6]. Context itself is
described by various contextual factors characterizing the IS environment. Following
design science research, the method is being developed and refined using a method
engineering (ME) approach. The proposed method was developed based on
experiences from the airline industry. A number of experiments are conducted to test
the proposed method. In addition, IS professionals are interviewed to further verify
the method and to study the impact of IS context on DIQ.

The paper is organised as follows. The research is introduced in general terms
followed by an outline of the problem statement and objective. A review of related 1Q
work as a field within IS follows. Subsequently, details of the contextualisation
method together with an initial application are presented. Contribution, limitations
and future work conclude the paper.

2 Problem Statement and Research Objective

As a direct result of user dissatisfaction with the quality of the information produced
by IS [7], practitioners and researchers have been concerned for several years about
the quality of information and data. The problem becomes increasingly important
with the rapid growth in the amount of data that enterprises store and access [8-10].
The information —often of poor IQ- is being used ever increasingly for critical
decision making at all levels within the organisation, resulting in significant 1Q
related problems.

Some examples of these problems are summarized for instance in Al Hakim [11]
who provides examples from many areas, outlining the reason along with the
particular I1Q dimension affected. The examples indicate how the generation of
information from disparate sources can impact on many aspects of an enterprise, often
not even considered when the IS was initially designed. The impact of these 1Q
problems has prompted researchers to examine such aspects as IQ dimensions, IQ
assessment and 1Q management. The impact of the various dimensions of 1Q requires
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measurement and examination. Furthermore, there has been a huge financial impact
associated with the lack of IQ. For instance, it is estimated that poor quality
information costs American business some $611 billon a year [12]. Addressing this
problem, several enterprises have invested considerably in efforts to “clean up” their
information, to improve 1Q and to define rules and routines to assess and manage 1Q.

Research has addressed this challenge from various directions. Management
process and guidelines have been proposed in order to manage 1Q. The database
community has contributed several approaches for data cleansing and assessing data
quality in databases. In addition, software engineering has focused on improving the
quality of software. As a result, research related to IQ has evolved significantly over
the last two decades. Numerous frameworks, dimensions and metrics have been put
forward [1, 2]. Approaches have been developed to measure the impact of these
dimensions on 1Q and to improve 1Q. However, the benefits of these approaches such
as better quality software, easier to use systems, readily acceptable software and
increased IQ all have the potential to be foregone by changing contexts or situations.

The evolving nature of IS context presents new and very distinct challenges to 1Q
research. Primarily among these is the dynamic nature of IS context. IS designers no
longer have the luxury of complete control over the nature of the IS context post
deployment of the IS. Usually software systems are developed with tried and tested
methodologies for a particular context with certain requirements. 1Q measurements
and management approaches can be defined and deployed for this particular context.
Once implemented, contexts evolve and requirements may change. However with
such fundamental changes in context, a question about its impact on IS become
significant [13, 14].

IQ measurements and management approaches are usually not evolving along the
various contexts, and indeed changes in context do usually not undergo a systematic
consideration. Systems and IQ measurement approaches are developed for a particular
context. Nonetheless the importance of a high level of IQ remains a requirement. As a
result often the perception of IQ via subjective survey instruments is progressively
getting poorer [15]. Indeed, this observation may explain a frequent criticism, that
despite large investments in 1Q and software systems, end users are still not satisfied
with 1Q and the usability of systems. Variation in the context, require adaptation of
the IQ measurement approach to cater at least for different requirements and changes
in perception. Presently the approach to a changing context and IQ is ad-hoc and not
systematic.

The problem can be illustrated by an example from the airline sector, which has
been examined by us. The organisation has an airline maintenance and information
system in use for many years. Different types of users using the IS on a regular basis
for the performance of their duties. Also, for several years the organisation has IQ
routines and assessment approaches in place. Pilots, engineers, administrators and
technicians are required to rate the 1Q of the system on a regular basis for quality
control and legal obligations. Surprisingly, over the last two years, the MIS
(Management Information Systems) department has experienced a dramatic increase
for requests to verify 1Q of the IS. This has become a very resource intensive exercise
with many of the requests requiring no alteration to data values. On closer
examination, we observed that in tandem with the increase in 1Q requests the IS
context has changed. For instance, the access modes to the system have changed over
the years. The single point of access via data entry personnel has evolved over time to
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the point where many users interface with the IS from mobile devices over wireless
networks. As a consequence, the procedures and IQ assessment approaches in place
did not reflect the current situation with various access modes and changing contexts.
The organisation did not have any systematic approach to cater for these changes.

The brief example from the airline industry illustrates the requirement for a
systematic approach to adapt 1Q frameworks for various contexts. Our approach
presented in this article, assists to contextualise IQ frameworks and thus cater for
various and changing contexts. The necessity for this research arises from the ever
increasing dynamics that exists with respect to IS deployment. As our observation
from the case study shows, perceptions of IQ may alter as the result of evolving
contexts. Research related to IQ has not or only in a limited manner addressed and
recognised this problem. In contrast to define yet another 1Q framework, we believe
that the application of existing IQ frameworks requires a clear, concise and systematic
approach to cater for dynamic and evolving contexts. The traditional static
deployment of 1Q frameworks do not consider adequately the changing factors of IS
context. The challenge of this research is to specify a systematic approach in the form
of a method that considers the IS context, allowing for the evaluation of IQ in various
contexts.

3 Related Work

Our work builds on and contributes to the research related to IQ, which has developed
a large number of frameworks, assessment approaches and criteria list. An overview
of research related to IQ is provided for instance in Ge and Helfert [16]. Ge and
Helfert have examined the definition of 1Q and suggest that it can be defined from a
consumer perspective and a data perspective. The concept of fitness for use [2] is
widely regarded in the literature as a definition for IQ from the consumers view point.

Table 1. Selected Information quality frameworks and its application context.

1999 [19]

Author and year of Application context | Author and year of Application context
Publication Publication

Morris et al. 1996 [17] | Management Huang et al. 1999 [18] Knowledge Management
Redmann 1996 [7] Data Bases Chengalur-Smith et al. Decision-Making

Miller 1996 [20]

Information Systems

Berndt et al. 2001 [21]

Healthcare

Enterprise Resource

Wang/Strong 1996 [2] | Data Bases Xu et al. 2002 [22] Planning

Davenport 1997 [23] | Information Helfert/Heinrich 2003 [24] | Customer Relationship
Management Management

Ballou et al. 1998 [25] | Data Warehousing Amicis/ Batini 2004 [26] Finance

Kahn/Strong 1998 [27] | Information Systems | Xu/Koronios 2004 [28] E-business

Rittberger 1999 [29] | [nformation Service | o mym 2005 [15] World Wide Web
Providers

. . S Supply Chain
English 1999 [30] Data Warehousing Li/Lin 2006 [31] Management

Ballow/Tayi 1999 [32]

Data Warehousing
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The definition of IQ from a data perspective examines if the information meets the
specifications or requirements as laid down in IS design. IQ from a consumer
perspective led to the development of subjective 1Q measures, whereas 1Q from a
database perspective resulted in objective IQ measures.

Many IQ frameworks have been developed in order to classify dimensions that
will allow for IQ assessment. As shown in table 1, we reviewed prominent
frameworks and analyzed these according to the application context for which they
were proposed. Although claims are sometimes made to provide a generic criteria
lists, on closer examination most research has been focused on investigating IQ within
a specific context. The frameworks differ in selected IQ criteria as well as assessment
techniques.

The complexity of the information system architecture is just one of several
contextual factors to characterise IS environments. In literature there is strong support
that types of users and types of IS result in different requirements and therefore
perceptions of DIQ [33-35]. Empirical research concluded that user evaluation of IS is
directly influenced by system, task and individual characteristics. Besides, several
examples in DIQ literature illustrate that the departmental (organisational) role plays
an important factor in user’s opinion and perspectives [11, 33, 36]. Although
recognising that there are several contextual factors, in our research we limit the set of
contextual factors to 4:

(1) User role

(2) Organisational department,
(3) IS Architecture

(4) Task complexity.

The initial deployment of an IS generally caters adequately for these context factors.
However over time these evolve and require a fresh analysis in order to accurately
represent the true nature of the context of the IS. This can only be done if
examinations of the factors within a context are continually updated and revised.
These factors can be further classified with appropriate components. The updating of
the factors and reclassification of components should be carried out in an iterative and
systematic fashion similar to TDQM [37].

Table 2. Common IS Context Factors.

Factor Component

User Role Manager / Specialist

Organisational Department IT Department / Non IT Department
IS Architecture ‘Workstation, Service Oriented, Mobile
Task Complexity Operational, Strategic

The significant change and increase in complexity of IS context has in many cases
occurred independently of the underlying databases that are accessed [13]. An
application may have been designed, built and tested with a mature software
development method for a particular context. Yet within a very short period of time it
may be accessed and predominantly employed from a different context [11]. Data
models have also evolved [9]. However a considerable number of IS in use today
have data models designed prior to the contexts that are employed to access them.
There are as a result multiple accesses from diverse and complex contexts.
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4 A Method for Contextualising IQ Frameworks

In order to develop an approach to contextualise 1Q frameworks, we follow design
science and apply a method engineering (ME) approach. ME as a discipline has been
recognised over the last decade. It is concerned with the process of designing,
constructing and adapting generic artefacts such as models, methods, techniques and
tools aimed at the development of IS [38]. Punter [39] describes the discipline from a
process perspective where methods are comprised of phases, phases are comprised of
design steps, and design steps are comprised of design sub-steps. He states that to
every design step or sub-step, certain product-oriented method constituents (e.g.
techniques, procedures) can be assigned.

In order to describe methods, Gutzwiller [40] proposes a meta-model for methods
that includes activities, roles, specifications, documents and techniques. Figure 1
below illustrates the relationship between these elements. The meta-model facilitates
a consistent and concise method, which in turn allows for their application in a goal
oriented, systematic and repeatable fashion. According to Gutzwiller [40] activities
are the construction of tasks which create certain results. These activities are assigned
to roles and the results are recorded in previously defined and structured specification
documents. The techniques comprise of the detailed instructions for the production of
the specification documents. Tools can be associated with this process. The meta-
model describes the information model of the results.

Consistency;
guidelines and

reference models precedes consists of
Meta Model creates C\ Design /)
Component uses Activity
A A
consists of v precedes
C\ Result /) performs
contains Document
A
defines
uses
Tool - Technique Role

Fig. 1. Method Engineering Approach.

Applying a method based perspective on contextualising 1Q frameworks, we
identified four main activities that describe the contextualisation process: (1) Identify
and prioritising contextual factors, (2) Selecting and prioritise 1Q dimensions with
associated 1Q measures, (3) Implement IQ measures, (4) review and improve.

Besides the contextualisation process (activities), the second main element is the
description of result documents. We provide a consistent result document for
contextualised 1Q frameworks. The meta-model is illustrated in Figure 2 that outlines
the relationship between the different components of context factors and IQ
measurements.
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Context Factor Measure

Context Factor Context Measure
PK | Eactor_id
PK | Eactor ID >O --ltPK | Measure id -H-----O<|PK | Context Measure ID
Factor Name Weighting Measure Name
T
ES]
1
1Q Dimension 1Q Dimension_Measure = -
Dimension Measure
i - - PK . 1 PK | M ID
-—--H}PK | Measure ID —H-——— Measure ID
Dimension Name >o- # H
Priority Weighting Measure Name
Previous Measure Measure Type
Dimension Score
Date
Objective Measures Subjective Measures
PK,FK1 | Measure ID PK,FK1 | Measure ID
PK Measure Type PK

Fig. 2. Meta Model for Contextualising IQ Frameworks.

The initial application of the ME approach to our problem was examined with
respect to a library IS. A diverse user population accesses this IS from three different
contexts. Figure 3 specifies the general contextualisation processes that allow us to
conduct an experiment to validate our approach. We consider 4 main activities (1)
Identify contextual factors, (2) Quantify and prioritise 1Q requirements, (3)
Implement selected 1Q Measures, (4) Improve. Activity (1) is usually carried out by
the IS Manager, involving interviews and surveys with domain experts. This activity
completes and measures context factors. Activity (2) identifies and prioritises 1Q
metrics and requirements. Carried out by Business Analysts, for this activity and to
priorities IQ dimensions we selected a specific technique: Leung’s metric ranking.
Subsequently the Information Technology Manager and Software developers
implement the 1Q measures, in the form of Service Analysers, Integrity Checker and
1Q surveys. Finally, IS manager, Information Technology managers together with the
Business Analyst review the context factors as well as IQ measures, and thus initiate a
continuous improvement process.

[ M B e B Y
[

Process |

Fig. 3. High Level View of IQ Dimension Selection Method.

This general contextualisation process was detailed in sub-processes. Figures 4 to
7 outline in detail the process description that is required in order to apply our
method. In conjunction with the meta-model in figure 2, the result of the subsequent
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processes, provides us with a detailed set of activities and tools that allow for context
factor and dimension selection.

In order to select appropriate context factors as described in figure 4 the role
groups of the IS, tasks, associated IS service and access devices are identified and
assessed. This assessment is done in conjunction with the domain users and IS
experts. Upon identification of these a classification order is assigned to each of the
context factors. The context factor and context factor measure tables in figure 2 are
propagated with the appropriate values.

2 &R 2

H - D:

( ) 5| End User Role Application 1S Services' Access D Conlext
Anlysis Task Analysis Analysis Ves Analysis Factoss

No

Fig. 4. Identify Contextual Factors.

Upon identification of the context factors there is a requirement to identify and
prioritise dimension selection appropriate to a particular context. This requires
domain experts, IS and IT managers to rank dimensions in order of priority. This may
involve the application of domain metrics or survey instruments to ascertain the most
important dimensions. Once this process is completed the appropriate dimension
tables outlined in figure 2 are updated.

\ [
=} Fr;wmk M

ic:
[
1Q Dimension Dimer\sinE
Analysis Ranking

@ S S

Fig. 6. IQ Measurement.
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The selection of appropriate dimensions requires them to be measured. It is
important that the sequence of measures is followed correctly as outlined in figure 6.
The measures as outlined in table 3 require the availability of services to be checked
initially followed by the objective database and subjective measures.

User Workshop Case Studies

Fig. 7. Improve.

The final process of improvement involves revised context factor analysis by
means of user work and measures. The revised factors are updated in the contect
factors table.

The contextualisation process and the result meta-model are further extended by a
set of objective and subjective 1Q measures. These are part of the meta-model in
Figure 2. The objective measures are further subdivided into two categories data base
integrity measure and software service measure. A summary of the objective and
subjective 1Q measures is available in Table 3. Subjective 1Q Measures follow a
common questionnaire approach, using questionnaire construct and a 5-point Likert
scale.

Now we have described the process steps (activities) for contextualising I1Q
frameworks. Further we have specified objective and subjective measures for IQ.
Reviewing the meta model in Figure 2, we also need to specify how various IQ
measures from different IQ dimensions are aggregated.

Many researchers have proposed ways to aggregate single measures of IQ
dimensions, often underlying a weighted aggregate of single values for IQ dimensions
[2]. Although, recently some researchers have attempted to propose 1Q value curves
and trade-offs by analysing the potential impacts of IQ, many researchers propose to
measure the overall impact of IQ as weighted aggregate. A principle measure of the
weighed sum of all the criteria (IQC;) is illustrated below

N Va,: ;
10= Zai 10C, where
=1
i=1

Equation 1. Aggregate measure of information quality.

We follow this prominent aggregation of IQ measures by weighted sums. This is
reflected in our method and meta-model by specifying priorities in forms of weights.
The aggregated value should define the quality level that characterizes information
source. The approach to use the average as an aggregation functions may not be
suitable among heterogeneous dimensions since dependencies introduces bias that
negatively affect the reliability of the assessment procedure. This might be
problematic, as changes in the context will have an impact on other dimensions and as
a consequence the aggregate score.
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Table 3. Information Quality Measures.

Measure Name

Description

Measure

Free-of-Error

The dimension that represents
whether data are correct.

Free-of-Error Rating = 1-/N

(%)
Where N = Number of data units
in error and 7 = Total number of
data units.

Subjective Information Quality Measures

Completeness Schema, Column and Completeness Rating = 1-/C
Population T
Where C = Number of
Z incomplete items and 7 = Total
a} number of items.
D
= Consistency Referential Integrity, Format Consistency Rating = 1-/C
2 T
<
': Where C = Number of instances
g violating specific consistency
type and 7 = Total number of
consistency checks performed.
Timeliness The delay in change of real Timeliness Rating=R — 1
world state compared to the N . B
modification of the ISs state. Where R = I,S State Time [ =
The difference between the Real World Time
times when the process is
supposed to have created a
value and when it actually has.
° Database Listener DB process Binary Measure
S
S o
g g Web Service Web Service Process Binary Measure
o =
R
“ "Mobile Access Security Access User Profile Dependent
This information is sufficiently current for our work.
This information is not sufficiently current for our work.
Timeliness

This information is sufficiently timely.

This information is sufficiently up-to-date for our work.

Free of Error

This information is correct.
This information is incorrect.
This information is accurate.

This information is reliable.

This information includes all necessary values.

This information is complete.

Completeness This information is sufficiently complete for our needs.
This information covers the needs of our tasks.
This information has sufficient breadth depth for our task.
This information is consistently presented in same format
Consistency This information is presented consistently.

This information is represented in a consistent format.
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5 Initial Application and Analysis

We applied the developed Method to contextualise IQ Frameworks in an experiment
involving 48 users. By considering various contexts, this allows us to measure the
impact of the context on the perception of 1Q. The USER ANALYSIS in Figure 4
identified 3 groups broken down between librarians, library users and technicians.
This involved the users completing a number of TASKS with respect to information
retrieval as they pertained to each particular group. The selected dimensions of the
framework for the particular ENVIRONMENT are then broken down into objective
and subjective measures. The results from application of the measures are compared
upon completion.

The tasks for each user group were specific to that group. Members of the groups
were randomly allocated to each of the access devices. The experiment involved
control of one independent variable namely the access device. Each of the groups
were assigned tasks particular to their profile. The tasks within each group were
conducted from three different contexts namely workstation, web, and mobile. The
first requirement of the method is to analyse the software services identified and
selected. This is a binary test and examines the availability of the service. The
application of the method first checks the availability of the three software services
identified. In the event of service availability the objective integrity analysers are
initiated. The results of this analysis are stored in an IQ table-space similar to an audit
table-space [41]. The subjective survey instrument is run in conjunction with the
objective integrity analysers.

The analysis of results indicate that a relationship exists between the level of 1Q
and the context of IS access. This confirms the requirement to select IQ dimensions
appropriate to individual contexts. The implementation of our method and its
validation by means of an experiment demonstrate the significance of context. A
uniform application of dimensions without consideration for context we contend will
not accurately reflect the true state of IQ for an IS.

We describe the process of data collection and analysis. The initial step in the
analysis is the binary test of services. This important step in our method as outlined in
Figure 6 it allows for the identification of dimensions associated with various
software services. Subjective analysis only takes place when this analysis is complete.
All the services were present therefore the subjective and objective tests were applied
to all participants. In order to test the level of significance of the remainder of the
results it is necessary to apply an appropriate statistical technique to the data gathered.
We need to ascertain if there is a relationship between the context of the IS (Web,
Workstation or Mobile) and the level of IQ. As IQ is a multidimensional concept it is
necessary to do this at a dimension level.

There is a clear indication from this initial analysis that the context of the IS is
significant. However in order to strengthen and build on this finding Field [42],
suggests that appropriate inferential statistical techniques should be applied. A review
of this literature indicates that One Way Independent Analysis of Variance (ANOVA)
is appropriate. Field [42] also suggests that this technique be used when three or more
statistical groups and different participants in each group will be used.
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Based on confidence interval of 95%, vi=2 and v,=27, the critical F statistic,
F0s2.15= 3.354 are within the “Reject Hy” which leads us to the conclusion that the
population means are not equal.

The ANOVA test statistically indicates that the population means are not even.
We have rejected Hy Caulcutt [43] indicates that it is possible to determine which of
the sample means is statistically significant using the Scheffé Test. According to our
results statistically users rate the IQ dimension of free-of-error best from the
workstation context in comparison with both web and mobile. They also rate the web
context statically more significant or satisfied than the mobile context.

6 Summary, Future Research and Limitations

This research contributes to the analysis of IS context and 1Q. Although frequently
mentioned, foremost research lacks in explaining adequately the impact that IS
context has on IQ [15]. In recent times companies have invested heavily in 1Q
programmes in an effort to improve IQ [11]. Our research demonstrates that a
relationship exists between IS context and other dimensions in an IQ framework. We
have specified a method that allows context to be considered when selecting
dimension. The traditional techniques of measuring IQ dimensions will also require
examination as relationships between the context and other dimensions have also been
established. This research contributes to the field of 1Q research by providing a
method and test environment that can be employed in a context related manner. It has
the potential to allow organisations to measure the impact of introducing new contexts
post the development of an IS.

Although the research revealed interesting results, our research currently
concentrates only on a subset of dimensions. The application of further experiments
addresses this limitation. Correlation has been used to examine the relationship
between 1Q dimensions; Analysis of Variance will be completed for all sections of the
research. This will allow for a full examination of experimental data. Furthermore it is
intended to improve and extend the prototypical implementation of the tool as
software application.
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