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Abstract

A National Statistical Office (NSO) is a governmanbrganization with the main objective of
collecting and disseminating statistical and spagioporal statistical data for the country. Curkgnt
more than ninety percent of the world’'s NSO welssiesseminate their spatio-temporal statistical
data on the Web using tables, charts and staticsmayereby under-utilizing the functionalities
offered by the Web for dissemination, retrieval arghialization of spatio-temporal data. The foctis o
this research was to contribute to the improveroémtite dissemination, retrieval and visualizatidn o
spatio-temporal statistical data through natiotetistical websites from the users’ perspective.

An investigation was carried out on all NSO welssiie determine methods in which spatio-temporal
statistical data are currently being disseminatettieved and visualized on these NSO websites and
an inventory was developed. Applying a user cedtdesign approach, a requirement analysis testing
was also conducted to determine the users’ nedatingeto the retrieval and visualization of spatio
temporal statistical data, and an improved prowtgb a part of the Nigerian NSO website was
developed. The prototype was developed based omveatory and the output of the requirement
analysis testing. The prototype was finally tedmdeffectiveness, efficiency and users satisfatio
from the users’ perspective.

From the requirement analysis conducted, usingthioud, questionnaire and interview techniques,
and the Nigerian and Swedish NSO websites as dadees, it was observed that the methods of
dissemination, retrieval and visualization currgralailable on most NSO websites do not satisfy
users’ needs. The prototype evaluation shows thiataied and interactive maps are effective for the
dissemination, retrieval and visualization of spaéimporal statistical data, and that the use ef th
proper cartographic variables on maps are also ritapbfor the proper dissemination of spatio-
temporal data from users’ perspective.

Keywords
Dissemination, retrieval, visualization, animatesgmrtional symbol map, interactive choropleth
map, national statistical websites and spatio-teaipo
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1. Motivation and Problem Statement

1.1. Overview

A National Statistical Office (NSO) is a governmenorganization that has the duty of the collection
and dissemination of statistical/census data fercthuntry as a whole. These data are either cetlect
through census programmes, as most countries doy @stablishing other ways of collecting these
data, for example, through municipalities (in thetiNerlands, for instance), or through sampling. A
census is the process of collecting informationtlom official count of the human population of a
specific administrative area of interest (RedidsiC2002). The process is also used for officially
counting and gathering of socio-economic and deapigc data such as: population of different
categories, agriculture, birth rate, death rate efta place at a certain time and these datadiexted

at different levels, such as provincial, regionadl aational. These data are of great importandban
planning and decision making of a country and they presented to users in various forms such as:
tables, charts or diagrams. Various disciplinetinre past have used maps for dissemination of their
data, and also statistical offices are coming tke importance of using maps for data dissenainati

to the users. Maps are graphical representatiordat using signs and symbols. They are used to
visualize geospatial data, and they help usersetteibunderstand geospatial relationships between
objects. Maps are easier to understand and givevberiew information about the data (for example;
Where are most people living in a country?)

According to Kraak (2006), the International Cartgahic Association defines a map as a symbolized
representation of a geographical reality, représgrselected features and characteristics, regultin
from the creative effort of its author's executioh choices and is designed for use when spatial
relationships are of primary relevandéhe traditional paper map has always allowed f@Dastatic
representation of information for a particular mamia time on the map, but a map popularly known
as “The Minard map” (by Charles Joseph Minard; frd&69; showing Napoleon’'s campaign from
1812-1813), is an illustration of the use of a madih a temporal component as wdllufte (URL1), in

his statement “a narrative graphic of time and spakich illustrates how multivariate complexity can
be subtly integrated in a map”, expresses how teahgwoperties can be mappddaps as a form of
communication have benefitted dramatically as ailtesf the WWW since the early 1990s and
presently; millions of maps are being distributed Ihternet users on a daily basis. Improved
technologies have made web usage easier and nfeotivef for the dissemination of spatially related
data on the web (Marchionini, 2002). For severargethe WWW, a subset and the graphical part of
the Internet, has become a medium to acquire asskuinate geospatial datad has been used for
publishing maps. Although the basic set-up alloarsoinly publication of static maps with very lindte
interactivity, it can be expanded by additionalveesrside applications or client-side plugins (Kobpe
2001).

The Internet has clearly become the new mediuncdaiography. Web maps have some characteristics
that differentiate them from other forms of on-strenaps. One of the characteristics is the ahiity
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view the maps either from the users or produceirst pd view and maps can be made by different users
for different purposes on the WWW. Maps are usehi@sfaces, as links to other information, search
engines and also as an output for the result afesyg For most NSO websites, maps are used only as
graphical or pictorial representation of statidtidata using cartographic variables and are means f
the visualization of these data, although they ddadl used for the purposes stated above.

1.2. Problem Statement

Until recently, statistical data were dissemindtedugh the use of papers, textual or tabular foffos
some years, data were also made available in Dfgitaat on diskette or CD-ROM (Van Elzakker et
al., 2003) and this could be because most NSOsfomre on the dissemination of statistical data and
not how users actually visualize these data.

In a research carried out by Redido-Cusi (2002)waald-wide overview of existing NSOs that
disseminate their data through the web was createdanalyzed to determine how census data were
disseminated by these NSO websites. A switchboéardllahe NSO websites was created in this
research. The research showed the various methodhich statistical data were disseminated by the
NSOs. Furthermore, the NSO website of the Philippiralong with five other websites (India, Israel,
Sweden, Switzerland, Canada, Netherlands, UK an&l)UBere critically analyzed by the researcher,
to determine their activities and services on tldwhow their statistical data were disseminatad, a
then the outputs were used to develop a prototfpeRhilippines’ NSO website.

Another research by Van Elzakker et al., (200A)egian update on the inventory of NSO websites on
the web. It shows that more of the NSOs now applgvkedge of static maps and very few with
interactive maps for the dissemination of theitistizal data, although these maps are restrictgdst
mapping the attributes of the data. The researsihguhe StatLine database of Statistics Nethesland
as case study, looked closely at improving waysetifeval and dissemination of statistical datatum
web and also other functions of maps on the weth s using web maps as interfaces, for online
analysis and exploration etc. It was observed NBOs are one of the many organisations that are
become more aware of their roles in providing magervices, which varies from planning purposes,
decision making to academic and research purpasgshe general public at large, to their various
users.

Now, there is more awareness of the possibilitie$ @dvantages, i.e. accessibility and actualityn(Va
Elzakker et al., 2007), offered by the web andehesve led to even more NSOs having their data and
maps published on the web, although by lookingomtes NSO websites such as Kenya, Malta, Sri
Lanka, it was observed that most of the maps dlteoaty in PDF format or static map images. For
example, the Nigerian NSO only has it statistiGthddisplayed textually in MS Word and PDF format
along with a few charts. Meanwhile, some other toes disseminate their data using interactive maps
for example, United Kingdom, Netherlands, Canadd,tbhese maps only focus on the geographic and
attribute characteristics of the data, but not nrapthe temporal component of statistical data, ingk

it impossible to see dynamic changes or trends.nk@st NSO websites, it is possible to access and
download temporal data, in table and chart formiaiss;only a very limited number of NSO websites
publish maps on their websites and, when availdbi&emaps do not easily reflect the temporal chainge
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of these data. This, therefore, makes it imposditmeusers to visualize the trends of these tenmpora
changes. As such, the retrieval, disseminationvashlization methods that can be found on the NSO
websites currently, do not always fulfil all theess needs in the analysis and visualization afidee
and patterns that could be obtained from tempdasiktical data (Nivala et al 2008).

Therefore, there is a need to consider an effecn efficient way of dissemination, retrieval and
visualization of spatio-temporal data on NSO waedssifThis research will be focusing on how best to
disseminate, retrieve and visualize spatio-tenpstettistical data on NSO websites, while basically
taking into consideration the needs of users cfdhspatio-temporal statistical data.

1.3. Motivation

It was not surprising that some 7 years ago, sfiatiporal data were displayed as text, tables and
static-view maps (e.g. in PDF format), which cobtlretrieved and disseminated fast but cannot, like
paper maps, be adjusted to the individual needsusérs (Kraak et al., 2001\ccording to Van
Elzakker et al., (2007), still in 2005, only 19% tfe 184 NSO websites on the web, allowed
individualized output in the form of thematic otéractive cartographic visualization. This hindered
the usability and possibilities that could be obt¢al from the use of statistical data and most
importantly, spatio-temporal statistical data. lany cases, the users like to interact with these ida
order to derive more information than provided Q. For example; Which province has the largest
growing unemployment rate? Where do | establish meyv business? The web offers more
opportunities than are being utilized by NSOs.sltai suitable and convenient platform to display
dynamic processes or information and can also ifatel the possibility of mapping the temporal
component of spatio-temporal data. The web not offfigrs easy accessibility and actuality of maps
(van Elzakker et al., 2007), but also provideseddht map tools and map-related services (Nivdla e
al., 2008), which can be used for retrieval arsdialization of temporal statistical data by users.

Technological developments of the web have providegioved tools and techniques for designing
interfaces and interaction with the websites (Nivell al., 2008). This has also encouraged othersfo
of map display that could easily be modified byrasgehen needed. For example;- the use of intemctiv
and animated maps. The use of animated maps helpaprove our understanding of spatial and
temporal information (Blok et al., 2008). Accardito Rae (2009), “ It remains true that the vast
riches of national census data tables for migrahod commuting (not to mention other datasets
relating to business relocation or civil aviatioaje largely locked away from view” . Rae expresses
regret on how a vast amount of information remdiitklen from the users’ view for lack of proper
viewing tools in time past. He also commented andpportunities offered by modern technology of
geovisualization; “ Put simply, it is now possiliéeproduce at-a-glance dynamic geovisualization tha
begin to unlock the potential of datasets trad#lynclosed to public view” (Rae, 2009).

Finally, although there are lots of opportunitidéeed by the development of the web for retrieval,
dissemination and visualization of temporal statidtdata, analyzing the need of users of staiktic
and spatio-temporal statistical data is very cildoiadesigning an effective and efficient NSO wigbs

In order to determine the current ways of dissetionaof data by the NSO websites on the web, there
is the need to update the inventory of Redido-GR6D2) and evaluate the current state of existing
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NSO websites, the cartographic functionalities tradformat of dissemination and retrieval of data o
these websites. In doing this, specific attentioifi e paid to the retrieval, dissemination and
visualization of spatio-temporal statistical datéjch were not yet considered by Redido-Cusi.

For this research, a prototype will be developeddio improved NSO website for Nigeria. This is
because the Nigerian NSO website is one of theellynadded website from the last update. The
Nigerian NSO website was observed to disseminatstétistical and spatio-temporal statistical data
using textual format, tables and charts. The NS&sdwt provide any form of map and data can only
be retrieved in PDF file. The researcher is al9dationality of Nigeria; therefore, this researchais
contribution to the NSO website of the researcheslantry.

1.4. Research Objectives

The primary objective of this research is to cdntté to the improvement of the dissemination,
retrieval and visualization of spatio-temporal istidal data through national statistical websfresn
the users’ perspective.
This primary objective is divided into four sub-ebfives:
1. To give an overview of methods in which spatio-tenap statistical data are disseminated
currently on NSO websites world wide.
2. To analyze the needs of the users of temporal neygiatistical data.
3. To propose the cartographic functionalities andftinmat of dissemination and retrieval of the
temporal data on NSO websites.
4. To develop a prototype of an improved NSO-website Nigeria with cartographic
functionalities to meet the users needs, with djgecttention for the retrieval and
dissemination of spatio-temporal data.

1.5. Research Questions

To achieve these objectives, the following questiarise:

 How effective are the existing functionalities amethods in satisfying the users’
needs?

* What are the needs of the user in relation to teaipegional statistical data and their
visualization through map displays?

« What are the factors to be considered for the dissation of temporal regional
statistical data from the users’ perspective?

* How useful are the NSO websites for the dissenvnatietrieval and visualization of
temporal statistical data currently?

» What technologies are used for displaying the tealpoomponent of the statistical
data on existing statistical websites?

 What are the cartographic functionalities for efifex and efficient dissemination of
the temporal component of statistical data thraihghNSO websites?

* How should these functionalities be implementethaprototype design?

» How effective is the new prototype in satisfying tisers’ needs?

14



* How efficient is the designed prototype for thesdimination and retrieval of spatio-
temporal data?

1.6. Methodology

The method adopted for this research is the Userte@ed Design (UCD) approach. This is an
approach that supports the entire development psooé user-centered activities, in order to create
applications which are easy to use and are of agdkg to the intended users(Van Elzakker et al
2008) . UCD represents the techniques, processethods and procedures for designing usable
products and systems, but most importantly, ihesphilosophy that places the user at the centtieeof
process (Rubin et al 2008). This approach ireslthe evaluation of the products / prototypes with
real users or intended users of these productstdtypes at the following three production pha3és
UCD approach is an iterative process that starts thierequirement analysis phasee. analyzing the
users’ needs of the product in terms their coméxise and taskso theproduce design solution phase
involving building or developing prototypes, theack to the users at thevaluate design phageee
Figure 1-1 below).

According to Scholtz (2004), usability research banclassified into two types of evaluation namely,
formative evaluation and summative evaluation (&smwn as usability evaluation).

Formative evaluation is the process used for obtginser feedbacks for early concepts or designs of
any product (Scholtz, 2004). The major aim of faimeevaluation is to collect information that wdul
aid the developer in the design of the product. this method of evaluation, no product or prototype
exists.

Usability (or summative) evaluation is a part ofabidity engineering, which is a discipline that
provides structured methods for achieving usabilityuser interface design (Scholtz, 2004). The
purpose of carrying out a usability evaluation ofexisting product or prototype would be to find du
the product or prototype actually satisfies thelgaecified in the ISO definition (Van Elzakker,
2009) i.e. is it effective, efficient and satisfagt from the users’ point of view. Usability evaliom is
also used to answer users’ questions concerniggtars.

1.6.1. Pros and Cons of Evaluation Using the UCD Ap  proach

According to (Barnum, 2002; Dumas et al, 1999; Heri, 1998; Nivala et al , 2008; Scholtz, 2004),
advantages of usability evaluation using the UCPragch can be observed from three major points of
view namely: Users, Developers and Managers. Therddges include developing an effective,
efficient and satisfactory system from the useges’spective. It reduces the time invested in devetpp

a better system that meets the users’ requiremengsUCD evaluation approach ensures that less cost
is invested in the development of the system, themecreasing productivity and profit gain. Finally
evaluation, based on actual observation of thesuseteraction with the product, helps for easy
identification of problems and measure how well fw®duct performs against stated goals. As
expected, there are a few disadvantages of ussty@D evaluation approach, such as: it is time and
money consuming to plan and execute the usabdgtirtg, difficulties in finding suitable and willn
participants.
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Figure 1-1: User-Centered Design (UCD) Approach Soge: (van Elzakker & Wealands, 2007)

1.6.2. Requirement Analysis Phase

Requirement analysis is the first and importangestaf a user-centered project. It is the phase avher
the basic requirements are determined and the gm@blencountered by users are also discovered.
Sometimes, additional functionalities are includieid the product and sometimes new organizations
intend developing a similarly existing product (Das et al 1999). For the stated reasons, usability
evaluation of existing systems is of great impartaat the requirement phase of the development, for
the product to meet the needs of its expected userthis research, the products that would be
evaluated in the requirement analysis testing By participants are the Nigerian and Swedish NSO
websites, although prior to this testing sessioningestigation on all existing NSO websites wid b
conducted by the researcher in order to deterntiee viarious methods in which spatio-temporal
statistical data are disseminated by NSO websitetdwide.

1.6.3. Prototype Design Solution Phase

This phase will be the prototype developing phétseill involve developing a prototype of a part of
the Nigerian NSO website, and will focus more oa tlissemination, retrieval and visualization of
spatio-temporal statistical data. Adobe Flash CS3dfeBsional will be used for the prototype
development. This software offers the possibilifycreating highly interactive maps on the web with
lots of functionalities while taking into considéom the speed of the Internet connection, size and
format of the data. Data obtained from the requienanalysis phase and the results of the evatuatio
of the existing NSO websites, will be used to depeh more user friendly Nigerian NSO website, as
far as the dissemination, retrieval and visualarabf spatio-temporal statistical data is conceriéus
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prototype will focus only on the functionalities canrmethods of dissemination, retrieval and
visualization of spatio-temporal population data #ime data will be stored in a simple format effext
for testing the prototype.

1.6.4. Evaluate Design Phase

The evaluation design phase is another UCD stagehwitill involve the use of test participants. This
is to determine the effectiveness and efficiencthefnew prototype for the dissemination, retriearad
visualization of spatio-temporal statistical datmiast the currently existing methods on the Nayeri
NSO website. For this stage, a combination of kivektaloud, questionnaire and interview techniques
will used for data gathering. The test participanils be given the prototype and will be requirexd t
carry out tasks and scenarios similar to those whae performed at the requirement analysis phase,
while thinking aloud. They will also be expectedfilbthe questionnaires before and during the task
execution. A brief interview will be conducted aftee tasks execution to determine users’ satisfiact
The tasks will be timed in order to determine tfffeciency of the prototypeThis will allow for the
possibility of evaluating the effectiveness of theveloped prototype to the currently existing NSO
website.

1.7. Conclusion

The first chapter of this research provides theeganorientation of the research. It defines the
concepts, research aim and objectives, researtihepns, research questions and the research approach
and methods. It also describes what UCD is, whabilisy evaluation is and the advantages and
disadvantages of usability evaluations and thesdifit types of techniques of usability evaluatibime
next chapter contains detailed information aboatupdate of the inventory of NSO websites originall
made by Redido-Cusi (2002), with their modes ofelisination and retrieval of statistical data. More
importantly, information is added to the inventatyout the dissemination, retrieval and visualizatio
methods of spatio-temporal statistical data ontiexjsNSO websites. Finally, chapter 2 contains a
literature review of what has been done in thedfiel geovisualization of spatio-temporal data. The
third chapter involves describing the processeseadéction of test participants, setting up the test
environment for the requirement analysis phaséiisf WCD project, defining the scenarios and tasks,
and conducting usability testing. A section als@lglewith analyzing the data obtained from the
usability test and defining what are the usersunegnents relating to the dissemination and realied
temporal data from the Swedish and Nigerian NSOsited. The next chapter includes how the results
obtained from the test are used to develop theofyqoe of part of the Nigerian NSO website and what
functionalities are added to the prototype for digsemination, retrieval and visualization of spati
temporal statistical data on the web. Another obraj dedicated to the evaluation of the prototype
designed, in order to determine the effectiveneffigjency and users’ satisfaction of the functikitnes

for dissemination, retrieval and visualization gfato-temporal statistical data included in the
prototype. The last chapter includes a summaryoof the research objectives have been achieved, the
problems encountered during the research and reeadetions to future related researches will be
proposed.
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2. Review of dissemination of Spatio-
Temporal Statistical data on NSO websites

2.1. Overview

This chapter is subdivided into two parts. Thetfpsrt will report on the updating of the NSO
inventory and NSO switchboard originally created Rgdido-Cusi (2002),in order to determine the
changes that have occurred on the NSO websitesebat®002 and 2009, while most importantly,
focusing on the methods in which spatio-temporalistical data are disseminated by NSO websites.
The second part of this chapter is a literaturéerewf the different methods in which spatio-tengior
data are generally disseminated and visualizedheweb (i.e. not only through NSO websites), while
keeping in mind the various ways in which theseadate stored in the databases to achieve the best
output.

2.2. Introduction

As defined in chapter one, a National StatisticHio® (NSO) is a governmental organization that has
the duty of the collection and dissemination ofistezal/census data for the country as a wholes€gh
data are mostly collected through census programanganised at certain intervals mostly, five to te
years interval or by establishing other ways oflexting these data, for example, through
municipalities registration (in the Netherlands), through sampling. A census is the process of
collecting information on the official count of tilaman population of a specific administrative arka
interest (Redido-Cusi, 2002). The process is atsm for officially counting and gathering of socio-
economic and demographic data such as: populafiafifierent categories, agriculture, birth rate,
death rate e.t.c of a place at a certain time aedet data are collected at different levels, sich a
province, regional and national. Before the Interoensus data were disseminated to users in arealog
and digital formats, such as paper files and CD ROMost of these data were disseminated through
the use of tables either in word format or as efited. The use of charts such as: pie chartsgharts,
histograms and graphs were also adopted as amalter means of visualization of statistical data
most especially, temporal statistical data.

However, since the establishment of the WWW, moSON now disseminate their data through the
web. Although it is interesting to know that NSOshwatheir statistical data on the web, still adt
traditional approaches of data dissemination sukhtables, charts, or static maps as a means of
dissemination of data on these websites. In thly @800 (Redido-Cusi, 2002), it was observed that
very few of these NSO websites use presentatiorsraaa means of dissemination of statistical data
and these maps were strictly images in PDF fornTdtsre was hardly any form of interactive maps on
these NSO websites. In 2005, there was an updatieeoswitchboard of the NSO websites and it was
observed that regional statistical data collectgdNBO are made more available to users through the
web (Van Elzakker et al 2007) Also, more websjtesvided the possibilities of online individualize
output (i.e. 17% in 2003 to 23% in 2005) and 19 sitels in 2005 as compared to 6 websites in 2003
had any form of interactive cartographic visual@aton their websites. Currently, in the analysis
carried out in this research on the existing NSMsites, more NSO websites now feature maps on
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their websites, although these websites still ietsthemselves to the use of images and very few of
them have interactive maps with little functionalduch as: the zooming functions, panning and layer
selection functions. Another important role of maps these NSO websites is that they serve as
geographical interfaces for dissemination of dfiaidé data. Some of the maps presented on NSO
websites are clickable or mouse over maps thatsasinterface to statistical data embedded in them
An example of a geographical interface map is tBONwitchboard (URL3)

2.3. The National Statistical Offices Switchboard

The NSO switchboard is an interface created toesasva link to all NSO websites, whose countries ar
officially recognized by the UN and publish theiatistical data on the web. It also provides addii
information on some functionalities and opportwstioffered by these NSO websites in the
dissemination and retrieval of their statisticatadalhe switchboard also provides a good and solid
platform for the analysis of the various visualiaatmethods applied by the NSO websites for the
dissemination of their spatio-temporal census data.

In order to determine how both statistical and isp@mporal statistical data are being disseminated
NSO websites world wide and to effectively upddte existing switchboard with the results of our
findings, a thorough analysis was made on all tis®Nvebsites to determine the current applications
existing for dissemination of statistical data ba NSO websites. This result will be used to uptize
existing inventory. To carry out this part of tresearch, the investigation, analysis and updateepso
was divided into four sections namely: NationaltiStecal Offices on the web, Description of statiat
data functionalities on the NSO websites, Des@ipbf spatio-temporal statistical data functionedit

on the NSO websites and Update the NSO switchboard.

2.3.1. National Statistical Offices on the Web

The first step to updating the switchboard wasstrsh the web for all UN recognized countries whose
NSOs currently disseminating their statistical démweough the web. This was done by updating the
spreadsheet created by Redido-Cusi (2002). Usiadaltowing websites, National Statistical offices
and the world wide web, also referred to as thechlibard in this research (URL3),United nations
statistics division (UNdata) (URL4), the U.S cenbuseau (URL5), Economics departments, institutes
and research centres in the world (EDIRC) (URL&) astatistics Norway (URL7),a list of all NSOs
which currently publishes statistical data on thebwas created. This provided a comprehensive way to
finding all NSO websites currently existing on theb and their web links. See appendix 1.

2.3.2. Description of Statistical Data Functionalit  ies on NSO Websites

Redido-Cusi (2002) analyzed the in-built functiotie$, complexity in accessing the database of NSO
websites and the use of maps and other methodsigiiwhich census data are disseminated by these
websites. For this research, the same columns @tedia along with the definitions of each column,
(see Table 2-1 below), were used for investigaiind updating the functionalities and possibilities
available on each website for dissemination armieretl of census data.
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Language

This gives the indication of the languaggesd for communication purposes
the NSO websites and they are divided into thrgegy the official nationa
language, English language and/or any other larefsag

Keyword search

This indicates whether a keywordckeaechanism is provided or not. If t
website provides a keyword search mechanism, irdbam may be found mor
easily.

Census data retriev
format

alData may be presented to users in different forntatdual, tabular, chart an
map.

Data download

capability

Websites with this functionality allow users to ddead data (be it text, table
charts or maps) in a digital format that can bedrtgd or interpreted directly b
available software (e.g., a spreadsheet or GlSgue)k

Census data retriev
cost

alln many countries, census and other national statislata are considered pub

registration (or subscription) may be requiredotver methods of payment a
applied to cover some costs of infrastructure andigsemination (e.g., the cos
of acquiring statistical reports on paper).

Aggregation Level

This shows which administratiggdls the NSO is disseminating its data thro
the WWW. It could be National level and/or the diint lower levels (e.
provinces, districts, municipalities).

Individualized
output of census dat

Most websites supply the data in preconceived whgsijt in textual, tabulan
achart or map format (see 'Census data retrievamddr above). But som

Tailor-made tables, charts and thematic maps assilpe types of individualize
output in static form. The interactivity functiodentifies the possibility for th
user to interactively adjust the current static wayepresentation (e.g., changi
the legend of a thematic map display).

property and may, therefore, be obtained free @rgdr In other countries

websites allow users to individually prepare thesiel data output on-line.
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pThis functionality refers to the availability of map interface to define th
sgeographical extent of the required data (e.gglisking on the area of interest

data retrieval

DI

by specifying a bounding rectangle).

Table 2-1: Components of the NSO inventory as definday van Elzakker et al (2003)

Below are the outputs of the investigation caroetl on the switchboard of the NSOs, to determime th
current ways in which statistical data are dissaeid on NSO websites.

Language— From analysis, in 2002, 66% of the NSO websitsseminate their statistical data

using their official languages, 79% uses Englisth 88% other languages. Currently, 69% uses
their official languages, 82% uses English and 2&¥s other languages. Many countries have
adapted the use of other language apart from tféaial languages but most websites still
combine there official language with the use of Emglish language.

Keyword search— This allows for easy location of information thre website. Initially, only

55% of the websites offered. Currently, 68 % of &0 websites offers this functionality. On
some websites, for example, the Azerbaijan NSO iteskes theme list is provided to allow for

easy navigat

ion to the required information as well
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Census data retrieval format— 82% of the websites uses the textual formatigsetdninate
census data on their websites by quoting figure®xh written reports and these are either in
PDF or MS Word document formats. 98%, of the welssdtisseminate their data using tables
and Excel spreadsheets for the dissemination amibva purposes. The use of charts is
another way in which census data are disseminatédccauld be visualized on NSO websites.
These include the use of graphs, bar charts, pgtsland histograms and 74% of the NSO
websites use this method. 43.4% of the websiteslagerved to use maps for dissemination of
statistical data along with the other methods noewtil earlier, although most of the maps are
either as PDF outputs or just images. From thisssitaobtained, there has been no significant
change in the numbers of NSO websites that dissgaitieir census data using maps when
compared to the statistics obtained in Van Elzaldteal (2007), where 50% of the websites
used maps for dissemination of statistical dataal$ also observed that although there are 18
new NSO websites compared to the inventory upae2®05, none of these new NSO websites
disseminate their data using maps.

Data download capability— This function is currently provided by 48% o€&tNSO websites,
and this is an increase from the initial 43.5% loé websites in 2002. Websites with this
functionality allow users to download and save datastly as tables) in a digital format such
as XLS, CSV, DBF so that it can be imported orrpteted directly by available software (e.g.
a spreadsheet or GIS package).This allows for usdrgeract or modify the statistical data to
produce personalized outputs or use with other $avfrvisualization methods other than those
provided by the NSOs. In most cases, users alse tievoption to print the required census
data.

Census data retrieval cost In most countries, census data are considerbticpproperty,
since they are acquired using income taxes anéftirerare made available to the users free of
any cost. In 14 countries, for example, South Aframd Sweden, registration (or subscription)
is required before users can access the data, fdril&6 (30.4%) countries, for example,
Ukraine, Venezuela, Finland and Spain, other methaidoayment are applied to cover some
costs of infrastructure and/or dissemination oféhdata.

Level of Aggregation- These show the various administrative levelsvitich the statistical
data are collected and disseminated by various NBaf@sigh their websites. This level of
aggregation was subdivided into four levels: 1seldNational, while the 2nd level, 3rd level
and 4th level could a representation of districiunty, state, local government area etc,
depending on the administrative units of each aguiBd.2% of the NSO websites collect and
disseminate their census data on two or more agtgdgvels while 15.7% disseminates only at
the national level. From the latter it is not pb#sito derive information about geographical
differences within the country. This shows an iase of 7% in the number of NSO website
that disseminate their statistical data at theonatilevel alone, from the analysis carried out in
2002.

Individualized output of census data— Most websites supply the data in preconceivegswa
be it in textual, tabular, chart or map format (4&ensus data retrieval format’ above), but a
total of 25% (46) of the websites allow higher maietion between users and data, thereby
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creating the possibilities for users to individyafirepare the desired data output on-line.
Tailor-made tables, charts and thematic maps assilgle types of individualized output in
static form. The interactive functionalities obsivon the NSO websites allow for the
possibilities of users to interactively adjust therrent static way of dissemination and
visualization of the map output, for example, chiagghe legend of a thematic map display,
zooming functions, etc. It is interesting to kndvatt 40 of these 46 websites allow for users to
select the types and years of data required (awrstio Figure 2-1) and generate a table
outputs, while 8% (15) of the websites, for examplestralia and Andorra websites, allow any
form of interactive output such as, interactiverthdor example, the Brazilian website (see
Figure 2-11).

[T TR SRR R A B R R oA oR |

Figure 2-1: An individualized population map of Brazil (URL15)

Geographical or map interface for census data retaval - About 26% of the NSOs offer this
functionality on their website and an example oftsis Chile. Since 2005 update, there has
been no change in the number of NSO websites offatiis functionality to users. The map of
Chile displayed in Figure 2-2 below, serves asnéeriace for the retrieval of statistical data on
this website. This simply means that it is posstbleetrieve the statistical data of a particular
location by clicking on the required location irettnap and have the data displayed in the oval
as seen on the map.
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Figure 2-2: A geographical or map interface of Chile with the populéion data displayed in the oval at the
centre of the image (URL14)

2.3.3. Spatio-Temporal Statistical Data Functionali  ties on NSO Websites

Statistical data are in some case spatio-tempatal dhis represents a collection of statistictd dd a
particular location, region or country over a pdrif time. Like other spatio-temporal data, theyeha
three major characteristicgshat (object) a geographical phenomenonvigiere (location) andwhen

(at what time). For proper study of any geograjienomenon, the process begins with the acquisition
of the data, then exploration and analysis, andllfinvisualization of data in order to understahd t
spatial relationship pattern or trend of the dafhe focus of this research is limited to the
dissemination, retrieval and visualization of thda& through NSO websites.

As stated by Jeong et al., (2006), “one of the mefmllenges users face when working with spatio-
temporal data is a lack of useful and effectiveadasualization tools and techniques for the anglys
multi-dimensional spatio-temporal data to havedretinderstanding of the quality and characteristics
of the data”. Rae (2009) went further to say tliatemains true that the vast riches of natiorehsus
data tables for migration and commuting (not to timenother datasets relating to business relocation
or civil aviation),are largely locked away from wi& This expresses regret on how a vast amount of
information remains hidden because of lack of praf@wing tools in time past and while going a step
further, he commented on the opportunities offdngdhe modern technology of geovisualization, “Put
simply, it is now possible to produce at-a-glang@ainic geovisualization that begins to unlock the
potential of datasets traditionally closed to publew”.

Another research by Griffin et al., (2006), whilmiting to maps as the method for dissemination of
spatio-temporal data, made comparisons to thetaféeess of the use of animated maps over static
small multiple maps for visualization of spatio-fgenal data. The focus of the research was to coenpar
the effectiveness of animated maps to the statipsnteased on the map readers’ ability to identify
clusters that move over time and through time. fdsailt obtained from this research shows that map
readers were able to complete their tasks morekiyuand effectively, while at the same time weréeab

to identify more patterns correctly with animatedps than with the use of small-multiple static maps
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Animation is defined as a rapid display of a segeeaf images of 2-D or 3-D artwork or model
positions in order to create an illusion of movem@iRL19). Animations can be divided into two
types, namely: temporal and non-temporal animatidesnporal animations are animations that show
changes over time. This animation shows changesighr maps as time-lapses while non temporal
animations are animations that show changes oéréift scenes. In differentiating between temporal
and non temporal animations, Dransch (198&fines temporal animated objects as geo-objeets th
changes relative with time while for non temponainaation, the changes occur relative to factore Th
basic difference between both animations is thatth® temporal animation, each frame shows
individual time moment, whereas the non temporahation shows individual aspect.

Currently, majority of the NSO websites dissemirthigr spatio-temporal statistical data using taple
charts, and static maps. On some NSO websitesipteustatic maps are used for dissemination of data
of different years, while in some cases the sirggigic maps are used. Although lots of researches
carried out in the past proposed the use of animstifor dissemination of spatio-temporal data,
however, most data suppliers such as the NSOs tpraaide these services on their websites. Below
are the various methods in which spatio-tempomistical data are and maybe disseminated on the
NSO websites.

The spatio-temporal statistical data functionaditten NSO websites, is the main area of focus fier th
study. This section focuses on an investigatiothef dissemination and retrieval of spatio-temporal
statistical data on NSO websites. This investigatias not been done before in a systematic way. The
aim of this inventory was to determine the variausthods by which spatio-temporal data are
disseminated, retrieved and visualized on NSO websind by combining this output with a usability
evaluation of some selected NSO websites, in daleome up with a better solution for dissemination
and retrieval of spatio-temporal census data on M8Bsites.

To effectively carryout this research, an additlosection, called temporal data was added to the
original table of existing functionalities and pibéiities of the NSO Switchboard. The temporal s&tt
was subdivided into seven columns along with thefinitions (see Table 2-2 below).

Temporal Data Definition

1
[HEY

Aggregation level This defines the aggregation levels of the avadlabmporal data (as in Table 2
above). The inputs for this column are numbersdpiat the number of aggregation
levels of the data.

Table This column shows whether a NSO website diggeminates temporal statistical
data using tables. The tables could be in PDF ¢sifuindividualized table output.

Chart This is to depict the dissemination of thrageral component of statistical data when
bar or pie charts or graphs are used to visuaiieettput.

Multiple maps This refers to the possibility to wigwo or more static maps of the same tapic

simultaneously to see the trend of temporal statistdata. This may be made
possible by opening multiple window interfaces grdffering multiple static view
maps of temporal data in one display.

Single maps This records the possibility of dissation of the temporal component of the

24



statistical data through the use of a single méaps $ingle map could be chorople
map, proportional symbols map or any other singsnshowing for instance, th
relative or absolute growth or decrease of poputati

Interactive maps

This column records the use @rautive maps for the dissemination, retrieval
visualization of spatio-temporal statistical data NSO websites. They can
mouse-over or clickable maps (Andrienko et al, 3999

and
e

Animated maps

This column records the use of amithahaps for the dissemination of spat
temporal statistical data on NSO websites. Animaieghs are maps with changi
or blinking cartographic symbols or maps displayidgta set by changing t

io-
ng
e

cartographic method of representation of the map#gK et al 2003).

Table 2-2: The components and definitions of the temporalata section of the NSO inventory

Spatio-temporal statistical data as disseminated bSO websites

Aggregatio

n Level It was observed that although, 74.4% of the N&@¥ect their census data

on more than one aggregation level, only 50% digsater these data on the aggregation levels
in which the data are collected. Most of the NS@seaminate their spatio-temporal data on
only the national level, showing. An example is ffigure 2-3 below, showing the spatio-
temporal statistical data of three different yesard units of Bangladesh using table format.

BANGLADESH CENSUS RESULTS AT A GLANCE

ltems | Census2001 | Census1991 | Census 1981
1. GEOGRAPHIC UNITS
Zila 64 64 2
Upazila/Thana 508 490 477
Union 4466 4405 434
Mauza 59 229 59708 55612
Vilage 87 362 86 038 83 666
Paurashava 23 107 79
Paura Ward 2309 543 40
Mahalla 7698 4122 2969
2. AREA (Insq.km.)
Bangladesh 147 570 147 570 147570
Urban 10617 9577 5230

Figure 2-3: Temporal data collected at the ¥ aggregation level (Provinces) as available through the NSO
website of Bangladesh (URL13)

Table: From the results obtained from the analysis edraut on the NSO websites, the table

proved to be the major method adopted by almosthallNSO websites. 72.8% of the NSO
websites use table in combination with the othem®& of disseminated methods in the
dissemination of their spatio-temporal data, wHi86 of NSO websites use only table as the
form of output for the dissemination of their temglostatistical data. In the course of this
research, it was observed that while some NSOs siagtk table to disseminate their temporal
census data, others used multiple tables to dissgentheir data as shown in the Figure 2-3. On
some of the websites such as the Swedish websitgs thave the choice of selecting the
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required years and also the option of viewing thigpuot as tables or charts. An example is also
shown Figure 2-4.

S
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Statistics Population by origin, citizenship and country of birth

T, SENTEREIGART T S e i g el i M e e e L R
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Figure 2-4: An image showing the possibilities of seldon of only required data from the Icelandstatistical
website and having the output in table format (URL9)

Chart: It was observed that 30% of the NSO websitesguaphs, bar charts, pie charts and

histograms in combination with the other methodscdbed above to disseminate their

temporal statistical data. Although most of therthare images or diagrams, such on Czech
Republic website (Figure 2-5), about 3.5% of thdsites have interactive pyramids or charts
on their websites, Andorra has interactive chadtesvn in Figure 2-6 below.
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e T T [ | T T
Society 7 " | and Earnings ~ Environment data, EU

Your position: Home > People and Society > Population > charts 1950-2008 =
L) gt it B Total population, 1950-2008

TOTAL POPULATION, 1950-2008
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Figure 2-5: Bar chart on the NSO website of the CzedRepublic (URLS8)
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Figure 2-6: An interactive graph produced from populationdata of Andorra,1994 to 2008 (URL11)

Multiple maps: It was observed that this is not a common metmmdng the NSO websites
and only 4.3% of the NSO websites made use ofntigifhod of dissemination and retrieval of
spatio-temporal statistical data. On most websites, maps can be opened separately in
different windows and placed side by side to shbe trends. An example of the use of
multiple static maps is shown below (see Figurg.2-7
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W b ach I | %3 - B - &~ |k Page - (L Teok ~
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Figure 2-7: Multiple static maps of four different moments in time of Switzerlandstatistical data (URL2)

Single maps In most cases, as shown in Figure 2-8 and 2-9) M&bsites that offer this
functionality, calculate the percentage change that had occuryddriexample, statistical data
of two different moments in time. This percentabargye is then mapped on a single map using
cartographic variables, such as value and hueepictithe changes. Although this method is
more favoured than the multiple maps method, ohiyua 6.5% of the NSO actually made use
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of the single static map for dissemination of sp&timporal statistical data. Uniquely, the
Canadian NSO used a prism map, while the Czech WRepuses a cartogram to map
population changes over series of years. Examplésth maps are shown in Figures 2-8 and

2-9.

/ fgeodepot.statcan.ca/Diss/Maps/ThematicMaps /population/National/pop_chg_3d_bw ejpg - Windows Internet Explorer

o~ & heepitigeodepot. statcan. cajbiss{Maps/ ThematicMaps{population/MNational/pep_chg_3d_bw_e.ipg

Links 42 | Customize Links & | Free Hotmail 28 My Yahoo! g2 | Windows 82 Windows Marketplace @2 | Windows Media  "5® vahoo! w9 Yahoo! An

S s @http:,r,rgeudeput.statcan.ca,rDiss,rMaps,rThematicMaps...I |

CANADA
Population Change, 1996 - 2001

ok
Bell Somm e Secrem YR e K Cmmnimem o Ciada Broshicsd by Pie Sacgrabhy Essn, Ssbmin Catads 2005 Canadx

Figure 2-8: A prism map showing percentage change ithe Canada statistical data on a single map
(URL20)
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Figure 2-9: A choropleth map showing percentage change the Czech Republicstatistical data on a single
map (URLS)

« Interactive maps. The use of interactive maps is not a common telclgy observed on the
NSO websites and only 6% of the total populationttf NSOs made use of any form of
interactive map on their websites. The use of auvity on the maps on these websites are
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mostly restricted to clickable and mouse-over nfapslissemination of spatio-temporal census
data. An example can be seen of such map is shotte iFigure 2-10 below.
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M Choose a type of location

@ "Which location do | select?
AT — - R — Browser Requirements
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ent Area =1
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Koo [T NS W CSydney
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Meibourme
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* sk,

Tas*t

0 =———=650km

1 [=1
Figure 2-10:An interactive map of Australia statistical dat (URL10)

« Animated maps: The dissemination of spatio-temporal data on NS®sites are limited to
tables, charts (both image and interactive), sirmgld multiple static maps, and interactive
maps. No animated map was found on any of the N&ksites.

2.3.4. Update National Statistical Offices Switchbo  ard

The national statistical offices switchboard wasated by Redido-Cusi (2002) with 126 NSO websites.
The switchboard was later updated in 2007(Van Keglet al., 2007), where 187 NSO websites were
found to disseminate their statistical data throufgh web. In the course of this research, this
switchboard was updated to 199 NSO websites arwd aditional functionalities for dissemination,
retrieval and visualization of spatio-temporal istatal data for all the existing websites were
investigated and added. In order to update the B\@@hboard, some limitations were encountered. It
was observed that about 11.4% of the websites disBeminate their data using only their official
languages while 14.1% of the total NSO websiteslimkd provided for an alternative language, mostly
English. Unfortunately, most of these links ar&eitnot functioning or have no access to the sigls
database. This was a major setback in the analf/ii® dissemination of data on these websites.

Also, some of the websites had access restrictarthem, either by the need for registration betbes
data can be accessed, or the need to make someofgsayment in order to view the data. In some
cases, such as Afghanistan, there was total réstrion the accessibility of the NSO website.
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2.4.  Conceptual Framework of Spatio-Temporal Phenom ena

In order to understand spatio-temporal data andeghniques of visualization, it is necessary to
understand the what spatio-temporal data are. Reud®94) developed a conceptual framework,
popularly called the “Triad Framework” (see Figi€l), for the representation of spatio-temporal
dynamics in the field of GIS. This framework seressthe foundation for many researches carried out
today in the field of geovisualization as applieddlS data. As mentioned above, the key elements of
this framework arevhere-whernwhat and “time” is considered not as attribute of tla¢adas it is done

by the NSOs on their websites but as a dimensi@nnulti-dimensional dataset.

The framework permits the user to pose three questivhich could be analyzed from three different
angles:

When +Where-What
This angle describes the object or set of objestsm(), present at a given location or set of |areti
(where) at a given moment in time (when).

When + What- Where
This describes the location or set of locations€feh occupied by a given object or set of objects
(what) at a given time or set of times (when).

What + Where- When

This angle aims at determining the thematic andialpzharacteristics of objects at a given momant i
time or between two moments in time. Simply pugiihs at carrying out searches or queries of how
objects or a particular location in space have ghdrbetween two moments in time. This third angle
fits the purpose for dissemination of the spatiogieral census data by the NSOs and could help
answering basic questions any user of these dafiat imave.

The Triad Framework

What

v

Where < » When

Figure 2-11: Basic components of the Triad Frameworky Peuquet (1994)
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The Triad framework is a generalized framework mitithich operational data models can be designed
and customized according to the data and applicasinge.

Based on the above framework, Andrienko et al.08@lassified tools and techniques of visualizatio
of spatio-temporal data into three groups, accgrdinthe kind of changes that occur over time i th
geographic phenomena. This is to help researchaisdavelopers in the field of geovisualization
understand the different kinds of spatio-tempowthcavailable and the right tools and techniques of
visualization to apply.

Existential changes:This addresses the appearance and disappearatieegeographical phenomena
in moments of time in a particular location. Thebanges deal with phenomena that exist only for a
period. An example of an existential changes ph&mam is movement of fog in a particular area at a
particular time. Examples of techniques for viszialj existential change are time labels, space-time
cube e.t.c.

Location change: This addresses thehange of the spatial properties: location, shapéyme of a
geographical phenomenon. This change deals wittritdeésy how the environment/geography changes
over time. It is useful for understanding dynamit amntinuous phenomena as they affect the
environment. An example of location change phenameis the rainfall measurement of different
locations over timeExamples of technique for visualizing location ofp@nare space-time cube,
trajectory lines, and time labels.

Attribute change: This addresses changes that occur in the themedjepies expressed through
values of attributes. It describes phenomena wjthachic attributes i.e. features with attributest tha
changes over time, while location remain fixed. &ample of Attribute change is spatio-temporal
statistical data of a country, showing the chamggtatistical data for different moment in time #&ofix
location.Examples of such techniques are: time-series grepnge map and aggregation of attribute
values.

2.4.1. Applications of Usability Evaluation and Geo  visualization Techniques of Spatio-
Temporal Data

Usability testing is defined as “the process ofriéag from users about a product’s usability by
observing them using the product (Barnum, 2002 &m of a usability test would be to find out
about the need of the users relating to how tharast with a product and if it is effective, eféint
and satisfying for the users. In geo-informatioresce, the product could be a Mobile application,
guestion that needs to be answered, electronidsagesoftware to websites (such as NSO websites fo
dissemination of statistical data, as in this red®aand many more.

In a research by Babu (2005), on public transpioriatystem, geovisualization techniques were uged t
explore the spatio-temporal patterns created by noaters travelling with different public
transportation systems at different times.

The aim of the usability evaluation in this reséanas to aid the cognitive process of understanding
the existing situation of the transportation systehy creating some problem scenarios that comsuter
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could encounter by using the available transpatesys. The output of the research was used toecreat
new plans and policies for public transportatiostegns. In the evaluation, the focus group and Think
aloud techniques were used to evaluate the praatgpigned.

Bhowmick et al., (2008), using the UCD approachyedfeped an improved Pennsylvania cancer online
interactive atlas. This atlas includes the use apsn graphs and tables for data exploration and
decision making with spatio-temporal cancer dataorider to assess the usability of initial atlds t
focus group and questionnaires survey were us#udresearch to obtain feedbacks from users of the
atlas. The overall result of the research led ® development of functionalities for improving
interactions functions on the atlas, temporal aialgnd providing additional data displays and help
function on the atlas.

Geovisualization techniques for visualization of satio-temporal data

Geovisualization as defined by MacEachren et dl998) “is an extended form of traditional
cartographic approaches for representing geo-mederk information, in which principles from
cartography, GIS ,exploratory data analysis (EDAJ anformation visualization are integrated in the
development and assessment of visual methods itiefsecthe exploration ,analysis and representatio
of referenced data”. It works by providing graphiickeation to render a place, phenomenon or process
visible, enabling the most powerful human informatprocessing abilities-those of spatial cognition
associated with the eye brain vision system-to ibectly brought to bear”. Thus, visualization is a
cognitive process of learning through the activgagiement with graphical signs that make up the
display and differs from the passive observation efatic scene (Dodge et al, 2008).

The following researches below, explains the défeeffields in which geovisualization techniqueséav
been applied as a tool for exploring and visuatjapatio-temporal data.

In a research by Blok et al., (2008), animatedes@ntation was applied to display the uncertainty a
fuzziness in Dutch spatial planning maps. Althoutje research was limited to the animated
representation by combination of both graphic aymadic visualization variables, it was realizedttha
the dynamic application of cartographic symbolsréased the effectiveness and efficiency of the
planners in making better decisions.

Also, Rae (2009) applied the flow mapping geovization technique to the analysis and visualizatio
of the migration data from the UK 2001 census,riheo to analyze the pattern movement of migration
in UK. This helps to gain a better understandinthefresidential mobility process at a nationaéleit
also clearly shows an orderly and intelligible esgmntation of continuous flow patterns that would
otherwise remain unseen.

Overall, usability evaluation has been an importia for understanding users’ needs regarding
dissemination, analysis and visualization of sptiaporal data and these has contributed to the fie
of geovisualization. Thus, in this research, usigbiévaluation of existing NSO websites will be
conducted using Nigerian and Swedish NSO websitesase studies, to determine the users’
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requirement concerning dissemination, retrieval eisdalization of spatio-temporal statistical data
NSO websites and an improved prototype will be tped.

2.4.2. Advantages of Geovisualization Techniques to what is being offered by the NSO
Websites for Visualization of Spatio-Temporal Stati  stical Data

One of the major advantages of a geovisualizatiorirenment, is that, users may choose to display
data in many different ways, thereby encouraginiq @xploration, and this increases recognition of
pattern and abstraction of structure and meanioig filata, and also brings to light subtle patters a
changes captured within complex spatio-temporah daat may not be immediately apparent when
other forms of static or quantitative data analyaed visualization techniques are applied Edsadl.et
(2000). Geovisualization techniques also provigerdquired tools for representation and manipubatio
of all three aspects of the data i.e. thematicptanal and spatial simultaneously. It produces angtr
visual effect on a viewer for analysis of trendd @hanges in the pattern of the data (Voss, ed@DR
and allowsusers to vary their needs between exploration asdalization of spatio-temporal data
(Ogao et al, 2002).Unlike, what is present cursenti NSO websites, geovisualization techniques are
suited for emphasizing the changes between two mtarie time, because they allow for explicitly
incorporation of time in maps (Harrower, 2004). Fotample, animated maps are used to show
geographic changes or processes over time unléte shaps which present all of their information
simultaneously (Harrower, 2008).

2.5. Conclusion

Presently, spatio-temporal statistical data arsedisnated by NSO websites using static methods of
dissemination, retrieval and visualization of dstigh as tables, charts and static maps. These dsetho
though useful, are limited in the possibilitiesppbper dissemination and visualization of the terapo
component of statistical data. Although few of thegebsites allow for interactive maps and charts
such as population pyramids, there is still a fffeence in what can be found on these NSO website
and what is been offered by current technologieslfssemination, retrieval and visualization oftspa
temporal data.
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3. Requirement Analysis Phase

3.1. Overview

This Chapter gives the detail of the requirementyais phase of the UCD. It gives an overview @& th
preparatory phases involved in conducting usabitbisting, how the usability test is conducted, the
analysis of the test and summary of the result.

3.2. Introduction to Requirement Analysis

Usability is define by the International Organipatifor Standardization (ISO 9241-11, 1997) as “the
extent to which a product can be used by speciiigers to achieve specified goals in a specified
context of use witkeffectiveness, efficiencgndsatisfaction(Van Elzakker, 2009; ISO 9241-11, 1997).
Barnum (2002) defines usability to mean that peegie use a product can do so quickly and easily to
accomplish their own tasks. According to Rubin 1e(2808), while relying on the above definition of
usability, a product is truly usable when a user da what he/she wants to do the way he/she expects
to be able to do it, without hindrance, hesitatomuestion.

Usability testing is defined as “the process ofriéag from users about a product’'s usability by
observing them using the product (Barnum, 2002niploys different techniques to collect data while
for instance, observing representative end uséng tise product to perform realistic tasks. The afm
a usability test in this research is to find oub@hthe needs of users relating to how they carexet,
disseminate and visualize spatio-temporal statistlata on NSO websites and if the output is dffect
efficient and satisfying for the users. In orded&velop a usable product in a user centered pirder
UCD approach is recommended and this involves ottimtyusability testing on the product, which in
the case of this research, the Nigerian and Swexdiisites.

Requirement analysis is the first phase of the Ugiproach and an important stage of any user-
centered project. This represents the big ovalgare 1 of the UCD diagram and it is the phase wher
the basic requirements are determined and the grablencountered by users are also discovered.
According to Lamsweerde (2000), requirement anslissdefined as a careful assessment of the needs
that a system is to fulfil. It has the goal of it&ning the purpose for which a product is develdpe
tasks to be solved by users of the product andylikeoblems users might encounter in using the
product. Requirement analysis can also be carngdvith existing products where improvements are
made on the product or additional functionalities ancluded into the product and, sometimes, new
organizations intend developing a similarly exigtinproduct (Dumas et al 1999). For the stated
reasons, usability evaluation of already existipgtems can be of great importance in the requirémen
phase of product development, for the product tetrttee needs of its expected users. In this relsearc
the Nigerian and Swedish NSO websites are analiyetite requirement analysis phase by carrying out
usability testing on the two websites and the outgfuthe analysis will be used for developing an
improved prototype of the Nigerian NSO website meui#able for users’ needs.
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3.3. Nigerian and Swedish NSO Websites as Case Stud ies

3.3.1. Nigerian NSO Website

e
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Figure 3-1: The interface of the current Nigerian NSO wehte (URL16)

The Nigerian NSO website, known as the NationaleBurof Statistics (nbs), is one of the 18 newly
included websites in the NSO inventory originaltgated by Redido-Cusi (2002). The Nigerian NSO
website disseminates its data using only Englisigdage. It provides a keyword search function and
also a browse sector link to allow for quick acdalty to statistical data. Statistical data are
disseminated using text, tables and charts, althougently only as a PDF documents.

TABLE 2: NIGERIA'S POPULATION OF NIGERIA BY STATE AND SEX

Number
19291 2006
STATE Male Female ZF Total Male FF Female Total
Abia 1,125,999 1.212.488 51.8 2,338,487 1,434,193 49.4 1,399,806 2,833,999
Adamawa 1,050,791 1.051.262 50.0 2,102,053 1,606,123 49.3 1,561,978 3,168,101
Akwa Ibom 1,167,829 1.241.784 51.5 2,409,613 2,044,510 47.8 1,875,698 3,920,208
Anambra 1.374,671 1.421.804 50.8 2,796,475 2,174,641 48.0 2,007,391 4,182,032
Bauchi 2,192,423 2,158,584 49.6 4,351,007 2,426,215 48.1 2,250,250 4,676,465
Bayelsa - 902,648 47.0 800,710 1,703,358
Benue 1,368,965 1,384,112 50.3 2,753,077 2,164,058 48.7 2,055,186 4,219,244
Borno 1,296,111 1,239,892 48.9 2,536,003 2,161,157 47.9 1,990,036 4,151,193
Cross River 956,136 955,161 50.0 1,911,297 1,492,465 48.3 1,396,501 2,888,966
Delta 1,271,932 1,318,559 50.9 2,590,491 2,074,308 49.4 2,024,085 4,098,391
Ebonyi - - - 1,040,984 52.1 1,132,517 2,173,501
Edo 1,085,156 1,086,849 50.0 2,172,005 1,640,461 49.0 1,577,871 3,218,332
Ekiti = = = 1,212,609 49.1 1,171,603 2,384,212
Enugu 1,475,648 1,678,732 53.2 3,154,380 1,624,202 50.1 1,633,096 3,257,298
Gombe = & - 1,230,722 47.7 1,123,157 2,353,879
Imo 1.166.448 1,319,187 53.1 2,485,635 2,032,286 48.4 1,902,613 3,934,899
Jigawa 1,455,780 1.419.745 49.4 2,875,525 2,215,907 49.0 2,132,742 4,348,649
Kaduna 2,041,141 1,894,477 48.1 3.935.618 3,112,028 48.7 2,954,534 6,066,562
Kano 2,958,736 2,851,734 49.1 5,810,470 4,844,128 48.4 4,539,554 9,383,682
Katsina 1.860.,658 1.892,475 50.4 3.753,133 2,978,682 48.6 2,813,896 5,792,578
Kebbi 1,035,723 1,032,767 49.9 2,068,490 1.617.498 50.1 1,621,130 3,238,628
Kogi 1,039,484 1,108,272 51.6 2,147,756 1,691,737 48.4 1,586,750 3,278,487
Kwara 773,182 775,230 50.1 1,548,412 1,220,581 48.5 1,150,508 2,371,089
Lagos 3,010,604 2,714,512 47.4 5,725,116 4,678,020 48.1 4,335,514 9,013,534

Figure 3-2: Table showing temporal population data of Men ath Women per state in Nigeria as available on
the Nigerian NSO website
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POPULATION

FIGURE 1

Summ ary of Population Census Summary of Population Census
Figures by Gender, 2006 Figures by Gender, 1999

Women
43%

Table 1: NIGERIA'S POPULATION CENSUS FIGURES BY
YEAR AND GENDER

Year Total Women Men ZsWomen ToMen
1991 88,992,218 | 44,462,612 | 44,529,606 50 50
2008 140,003,242 | 68,293,683 | 71,709,559 49 51
Pop.

Growth 3.82% 3.57% 4.07% 49.5 50.5

Figure 3-3: Pie-Charts showing percentage change in thidigerian population data for 1991and 2006 on the
Nigerian NSO website.

From the population link it is possible to locateks for various categories of population datathese
links currently only lead to an empty databaserefoge making it impossible to access data through
them. The statistical data are disseminated fa iinethe PDF format that has to be extracted from a
folder on the website. There is also an optiondome form of registration on the website, but the
option does not function as well. The statisticaladare collected at the national and state aggoega
levels.

Another important feature on the Nigerian NSO wibis the availability of map images. These maps
are of various states showing the ethnic distrdsytland use, relief road networks etc but thengois
map showing any statistical data, population distibn or population trend on the website. An
example of maps found on the website is showngurei 3-4 below:
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LANDUSE MAP OF NIGER ETATE BY LOCAL GOVERNMENT AREA

Lerw Lise Deseriplion

| #piabun Tree ep 3o

— P

T IRt s grasdand fr w e g gaaEes A A E i fate
| ST E)

| Carwiaiy shoks ard Jorse qrassaz wh 3 rrcrias camgcrert

A EIDAITINAMT 81522 £ 2TES
Al b Baced Ao bice

1 snisr b3zt
Rark Stnies

Figure 3-4: An image of a landuse map that can be found dhe Nigerian NSO website.

Currently, the Nigerian website only offers tempatatistical data as tables and with few chatts. |
allows for download in PDF format and no form dfeiraction from the user is possible with these.data
Temporal data are only disseminated at nationaltate levels.

3.3.2. Swedish Website

The Swedish website is a NSO website that offezsusers the choice of two languages i.e. Swedish
and English language. The website has a user-fii@gnterface with clear definitions of links to the

information that can be accessed on the website. NBO website offers a search functionality to
allow easy access of data.
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Figure 3-5: The interface of the Swedish NSO website withe English option selected (URL17)

37



The Swedish website offers the option of data doatilon the website and these statistical data and
spatio-temporal statistical data are disseminatedugh tables, charts and maps. The website also
allows for individualized output of statistical dathrough tables, charts and maps (although the map
link did not work during the period of this resdacThe tables can be downloaded in different fasma
that allow for easy export into other map-makinfj\gare for map production purposes.

Finding statistics Products & Services: ‘News & Press About SCB

Subject area b Table & Sublevel b

Subject areai Population

Table: Population by county, marital status, age and sex. Year 1968-2008

Last updated: 2009-02-17 09:52

Infermation: Contacts etc. * Footnotes + More...

Mark your selection and click on 'Continue’. » Marking tips *

Chservations Total: 2 Selected: |-I

Papulation grovth
:Irgg\cn -vI marital status _Iagg xl sex | year *
| Total: 21. Total: 4. Total: 101, Total: 2. Total: 41.
| Selected:|0 Selected:|] ‘Selected:iﬂ Selected:|0 Selected: |0
=] ¥ = | ¥ il =

01 ... Stockholm county ] 0 years - men

03 ... Uppsalz county 1 year viamen

04 ... Sédermanland county widowers/widows

] stargstland county divorced

o anképing county

07 ... Kronoherg county

02 ... kzlmar county LI v |

Search | | | Search I *| | Search | M| search I k| Search ¥

Figure 3-6: Selection options from the database for gividualized output of data on the Swedish NSO
website

The Swedish website currently disseminates its teadpstatistical data through tables, charts, singl
and multiple static interactive maps. It also akkdier individualized output of these data in at four
methods i.e. text, tables, charts, and maps, buieagioned earlier, the map link did not work. Téher
are also some predefined interactive maps for dlissgtion, retrieval and visualization of spatio-
temporal statistical data. These maps only allowsédection of the years and they can be viewel bot
as multiple static view maps and as a single stagitd map.
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Statistics Sweden
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The tzblez show the conditions on December 31st for each respective yesr sccarding to sdministrative subdivisionsz of Jznusry st of the following yvesr

Figure 3-7: Table showing individualized output of temporaldata along with options for map, chart, and
text display on the Swedish NSO website
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Figure 3-8: Chart showing individualized output of temporal data for six counties selected from the
database of the Swedish NSO website
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SCB Maps - Change maps
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Figure 3-9: Single static interactive trend map showig population change of Sweden for 2002 and 2008

from the SCB maps
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Figure 3-10: Multiple static interactive maps showingpopulation distribution of Sweden in 2002 and 2008

It is possible to download temporal data on the siteb and spatio-temporal data are collected and
disseminated at 3 aggregation levels i.e. natiocalinty and municipality level and these data are
disseminated for free.

Interactive Map

The below Figure is an example of the single siateractive map that was found on the Swedish NSO
website. This interactivity is use to retrieve #wual population data from the map by clickingtioa
map.
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SCB Maps - Change maps

Datahase: Population (BE0101A1 px)

Jariables (select same var. at fwo time points): Select change display: Run!
rime 1. [2008 % @ Relative change % € Absohite change HLSM T DRI T : EiETE
& shouk:blark -

Time 2| 2008 '] € Circle sectors " Significative ¢ |
Tasses (o) ]?:ltabase Pogﬂaﬁon
"Prs0-311 6D [Code
illos4-140 (59 i
L011-054 (59) l‘,
L-0.11-0.11 (23) \3:Change L6

-0.54 - -0.11 (46) 7] Fr b
L l-140- 054 56) i PaClow s [T |
P3a1--140086) ""a =
‘hange view: H
* New centre . B
= ZoomIn o £
= Zoom Qut B ﬁ L, . =
click for direction B ﬁ.\‘ A% - 2
1 compass below: T T '

ot |
7 SR

% k. oI

o) T
b d wﬁ
Toomlevel abed .

Animated maps

Based on the absence of animated maps on the NB€ites the Canadian animated map (see Figure

12), would be used for the testing session. This Give the test participants an idea of what atéd

maps are and how it is used for dissemination mipteral statistical data and how users can visualize

these data.

Use the browser's Stop button to view a single vear of data.
The browser's Reload or Refresh button will start the animation ag

Population D ensity
(persons per square kilom etre)
=256

B4 —= 256
L 10 —= 64
04 —=10

Sparsely populatedd

et CANADA

100 Years of Change in
Fopulation Settlerment

Figure 3-12: Animated map showing population distribution ofSweden in 2002 and 2008

3.3.3.  Why Nigerian Website

The Nigerian statistical website was selectedHertesting because an improved prototype of thi©® NS
website will be developed. Studying the existingON®ebsite, it is very obvious that statistical data
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and more specifically, spatio-temporal statistidata are poorly disseminated on this website when
compared with some other NSO websites on the NS@ldvoard. Statistical data and majorly spatio-
temporal statistical data are disseminated usiblgsaand charts on an Adobe PDF document. Since
this is the home country of the researcher, it bélla way of contributing to the disseminationiestl

and visualization of temporal statistical data &e tNigerian NSO website and allows for great
improvement to be made on the website and in yealdlve a real life situation problem users of the
website are currently facing

3.3.4. Why Swedish website

The Swedish website was selected as the seconditevébs requirement gathering because, this
website offers all the methods of disseminatioirjeeal and visualization of statistical data azely

in this research, except the animated map. It allogers to retrieve and download their data in the
English language, unlike some of the other sitah tie same functionalities which disseminate their
data in only their official languages. The Swedisbbsite also disseminates its spatio-temporal
statistical data at different aggregation levelsakimg it possible to carry out analysis at
regional/district level. Finally, it allows for imddual output of the data as tables, charts, mpldtand
single static interactive maps.

3.4. Methodology

3.4.1. Scenarios and Tasks

Designing and Planning of the Requirement Gathering est Session

The reason for any usability test is to determikely problems users encounter using a particular

product and then try to minimize these problemsuibsequent design and production of such a product.
These problems are translated into questions, wirictiucers have to answer to improve the efficiency

and effectiveness of the product. In order to tieteshe overall questions into tasks, the resesrcas

to prioritize the expected problems which have basked by the research questions, break down the
guestions into sub questions and these questierthan framed in the form of tasks. The resultuzhs

a task, when completed, will be an answer or gisgghts to the problems that could be encountetred a

that stage, what are the likely reasons for thélpros and how the problems can be solved.

For usability evaluation, combination of techniquesisually required to carry out a single scenario
The aim of creating scenarios is to define instaneed tasks which would be carried out by test
participants in order to analyze the effectivenes$iciency and users’ satisfaction of the prodimct
fulfilling the required tasks. These scenarios lbaexpressed and analyzed from two angles:
Theresearcher’s scenarids a list in step by step format on how the redeer intends to conduct the
test. It ensures accurate repeatability of theftestach and every test person

The user’s scenaripis task list/instruction given to the user, expiiag the required tasks expected to
be performed by the user. This is basically usedrfeestigating task execution and performance of
users for development of a product. AccordingBarum, 2002; Dumas et al 1999; Mitchell, 2007),
some of the characteristics of a good scenaribigidighted below:

a) A good scenario should be short.
b) It should express a user’s perspective not theymerd
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c) Be clear and easy to understand by all participants

d) Give enough information needed to complete the task

e) It should express what are the problems are andrébelt should be able to answer the
guestions asked.

The major task of the design and planning phasthefrequirement analysis in this research was to
translate the research questions into tasks whakidibe executed by test participants and the outpu
could be used for the development of the researckotype for the Nigerian NSO website. The
requirement gathering was focused on testing tfextefeness, efficiency and satisfactory levelhaf t
existing Swedish and Nigerian NSO websites basetth@missemination, retrieval and visualization of
temporal statistical data, and the tasks were dedigccordingly. The first stage of the designind a
planning of the test was to determine the NSO welbkat would be used as the case study, along with
the Nigerian website. This was a very importantgien because the success of the task was dependent
on using the correct NSO websites for requiremerta djathering. The Swedish NSO website was
selected based on the reasons explained in seXiBoh. The next stage was translating the research
guestions into questionnaires and tasks and thasged with the designing of the questionnaires Th
guestionnaires were divided into two parts: theegalhand background and the post-test questionnaire

The general and background questionnaire, astthdrtiplies, had questions such as test particglant
names, course and past experiences in using stidata and NSO websites. This was to determine
the level of experiences of test participants withrking with the internet and map production softeva
generally. The post-questionnaire was used asna ddtbase for an interview session, which would be
carried out after the questionnaire and think alsesksion. The questions were answered and recorded
both audio and video. The post-questionnaire was ts gather data concerning the effectiveness and
efficiency of the methods that could be found oe thebsites for dissemination, retrieval and
visualization of spatio-temporal statistical dafais was to help understand how useful each method
was from the users’ perspective. It also contaigeéstions about the users’ opinion relating to the
efficiency and effectiveness of the two NSO welssiehe general task, which was to give the users th
opportunity to determine the methods they wouldfgsgréo have on the NSO websites, were also
designed during this designing phase.

Having designed the scenarios, tasks and questiesnahe first supervisor was used as a pilot test
participant and the whole process of the test vaasexl out. Modifications were then made to théstes
and the pilot test was conducted again using tise $upervisor. Then, the second supervisor wad use
for the third pilot test and the final modificatioras made before the real test participants werd. Us
total of seven test participants were finally stddcand the schedule was designed for conductimg th
tests.

Conducting the test

The test was conducted in three major stages, ritteductory and general and background data
gathering stage, the tasks and scenario stageharmbst-questionnaire and general task stageestt t
started with the researcher welcoming the testigiaants. This was carried out by the researcher
reading the introductory note out to the test pgodéints while they read along from copies given to
them. The introductory note, (see Appendix 2), aorg welcoming statement and expression of
researcher’'s appreciation to test participantsitpesresponse to being part of the testing sessitin
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states the research title and explains the airheofésearch. It also explains the purpose of cagrgut

the testing session. It briefly describes the tepes used for the testing session and encourages t
test participants; relax during the process of yéagr out their tasks. The introductory note also
contains information about how the test would badtwted and the estimated time needed for the
tasks. The aim of the introductory note was to emsmiformity and exactness in the information give
to all test participants. This was also to stréssitnportance of speaking out loud during the etieou

of the tasks to the test participants. The tedigipants were then shown the test equipment. After
introductory note had been read, following the aesker's scenario, the test participants were given
the first questionnaires to fill while the reseactopened the websites (Swedish NSO website,
Nigerian NSO website and the Canadian animatedsit@pon the work station assigned for the tests.
The test participants were then the given taskststend some minutes to look through the tasks shee
and ask questions, if any, before commencing @cting the tasks.

Tasks involved

All test participants were asked to execute thelgfined tasks on the two NSO websites selected and
the Canadian animated website. The order for ei@tuaf the task, i.e. which task to start with, was
alternated amongst the test participants. This twadetermine whether the first task executed would
influence the performance and needs of the tesicjpmmts. The test participants were allowed takvo
without interference for the first five minutes thfe testing session, and then given the instruction
sheets on how to locate the data needed for theuta of the given tasks on the two website, when
they are not able to find the required informatiédm instruction sheet was also provided for test
participants for the retrieval of maps on the Swkdvebsite. The researcher’s help was also required
for opening the multiple view windows needed fag thultiple static maps.

After the execution of both tasks, the test pgrdois were asked to answer the questions on tbadec
guestionnaire and the general tasks, and thesedeeeein the form of interviews by the researchmt a

all responses were recorded both audio and videnefal questions noted by the researcher, based on
comments or actions of test participants duringetkexcution of the tasks were also asked and respons
recorded both audio and video. This was to all@ay participants express their opinions about thksta
just executed and clarify comments made duringieeution of the given tasks on the NSO websites.

Problems encountered during requirement usability ésting session

The major problem encountered during this requirgngathering session was the recording of the test
participant 3.This test, though was clearly exetwrd recorded like all other tests, but on chegkin
the recording, had a sound problem. This test ¢atherefore, not be used in the analysis of the
requirement gathering.

3.4.2. Test Techniques

Usability testing using the UCD is a method and $&geral techniques embedded into it. This is an
important part of the requirement analysis, simeaeuse of the right technique is important to abthée
right result. Usability testing can be either quiatite or qualitative. The qualitative technigugse
non-numeric description (Usability.gov, 2009). Sorechniques of qualitative methods are: (i)
Introspection, (ii) Simple direct observation (ilihink aloud (iv) Screen logging and (v) Focus greu
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On the other hand, quantitative techniques give arignor statistical output. Some quantitative
techniques include: (i) Questionnaires (ii) Eyeskiag and (iii) Performance measurement.

Three usability techniques are applied during #guirement gathering phase of this research. These
include: the questionnaire, think aloud and inemwitechniques and these were used for the different
stages of the testing session. These combinatibiscbniques were chosen because it allows for
investigation of the users background and expeeemidth temporal statistical data and NSO websites,
collection of test participants thoughts and adiduring the execution of the given tasks and also
allows for clarification of some of the problemsceantered by the test participants (URL18, 2009;
Usability.gov, 2009).

Questionnaire

The questionnaire technique is a technique wheset af questions is given to test participantstifier
purpose of gathering information about their athits, thoughts, behaviours or opinions of a prodoct.
this research, the questionnaire technique wasingbe first stage of the requirement gatheringggh
This was used to collect background informatiorttoa test participants. The general and background
questionnaire which had twenty questions was usesbtain some basics information about the test
participants. This information included educatiofi@ickgrounds of test participants, their working
experiences with statistical data and/or NSO webs#nd level of experiences with the use of the
internet for work purposes. Appendix 3 shows a aofpihe questionnaire.

Think Aloud

Thinking aloud is a technigue that requires testigipants saying out loud what comes to their mind
during the process of carrying out some preddfitzesks or scenarios. Test participants are asked
verbally to express their opinions, impressionsualiasks they are executing and how the tasks are
executed, problems encountered and whatever camieit mind during the testing session. This is
very important in a user centered design reseaé¢hgives the researcher an insight into what goes

in the mind of the test participants during thetitgs session of the product being tested. For this
research, thinking aloud was used as the main igaarfor the requirement gathering phase of this
research. Thinking aloud was used to record allatttésities carried out during the testing sessions
starting from the introduction and questionnaicetasks and scenarios and finally the interviewesta
Appendix 4 shows a copy of the tasks and instraciveets executed by the test participants.

Interview

The interview technique can be of two types: stmed and unstructured. The structured interviea is
process where test participants are asked predefjuestions, while in the unstructured intervichg t
researcher (or moderator) asks a single questidrabuother subsequent questions are derived fhem t
answers obtained from the previous questions. ismrésearch, the type used was more the structured
interview although some other questions were alsked by the researcher for clarification of
comments previously made by the test participantsd the execution of the tasks. The interview was
used in combination with the post-test questiornair collect more data about the usability of the
methods available on the websites. This also recbrthe test participants’ overall impression
concerning the usability of the Nigerian and SwedSO websites. Appendix 5 shows a copy of the
interview sheet produced for the testing session.
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3.4.3. Test Environment and Equipment

Another important factor is the test environmerttisTis basically determined by the product. The tes
environment should be similar to the environmendarnwhich the product will actually be used by
users after production. Usability testing can beied out in the laboratory, without a laboratondaon
the field. The test environment is determined leypghoduct being tested, the stage at which itseete
and the users of the product.

The requirement analysis usability testing of thgekian and Swedish NSO websites was carried out
in the Usability laboratory on the first floor ihe ITC building, see Figure 3-14. The laboratory is
equipped with a video and audio camera for recgrdive activities of the test participants and the
screen of the computer in order to record changeth® computer screen as test participants execute
their tasks, an SVHS recorder and a synchronissgtgehronise the voice and images, see Figure 3-
13.There is also an attachable microphone to retb@rdoice of the test participants. There is al$ig
television screen to watch both the activitiestd test participants during the testing sessionstan
analyze recorded activities of the think aloud amdrview sessions.

Figure 3-13: Test equipment for the usability requirenent analysis testing session

The laboratory is also equipped with a computeertable the test participants work on the selected
websites. The test environment and equipment wasedon the type of product being investigated
(i.e. NSO websites) and the selected test techgique
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Figure 3-14: Test environment for the usability requiremat analysis testing session

3.4.4. Test Participants

As mentioned earlier, UCD approach involves usiegl rusers to test the product/prototype. The
success of any usability research depends on iddetiors including selecting and testing the pobdu
with the right group of participants (a subset loé tactual users of the product).The use of wrong
participants can lead to two types of problem, dgméthe participants are more qualified than the
actual users, the developer may be lured into sefaénse of security about the effectiveness of the
product, likewise, if the participants are undealdied, they exhibit more problems than the depelo
has to deal with.

The number of test persons depends on the techa&aeted although for the qualitative techniqaes,
minimum of four to nine test persons are requiredrbore participants could be used especiallyHer t
guantitative techniques. In order to select suitatelst persons, Dumas et al (1999) suggests the
following process steps:

« Determine the various categories and charactesisfithe intended users

« Create a database of likely users for each growsefs

» Ensure that test persons have similar charactistiexperience as the intended users

« Determine questions to ask potential participaatslégtermine which group of user they fall
into.

As mentioned above, test participants should beitmset of the real users of any product in any
usability testing. For this research, the testipi@dnts were Nigerian students who have graduated
from/or are currently studying in ITC. These studenere selected because they represent a subset of
the general users of the Nigerian NSO website asheafound in the country and these students also
have different levels of expertises in the usentdrinet for work purposes and little or no experéean

the use of statistical data through NSO websitestlie testing session, a total of seven studémteg
females and four males) were selected but onlytsia female and four male) recordings were used for
the analysis due to a technical problem, an exargebe seen in Figure 3-15. Although this was an
unfortunate incident, it had little or no influenoe the output of the rest of the testing sessiahthe
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final results of the test because the number widsngthin the recommended number necessary for
conducting the usability testing.

Figure 3-15: Test participant in the usability requirement analysis testing session

3.5. Analysis of Results

According to Rubin et al (2008), the data obtainédny usability testing session can be analymed i
four major steps as implemented below:

* Compile and Summarize data

* Analyze data

* Result

* Prototype development recommendation

3.5.1. Compile and Summarize Data

This is a process that involves putting all datkected during the requirement analysis data gatper
into a form that allows for pattern recognition.t®&ollected include data gathered during thertgsti
through the recording, questionnaire, interview #mel notes made by the researcher. The video and
audio recordings of the whole testing session iesetranscribed directly as it was recorded itexts

by the researcher. These were then summarizedabuar format according to each task and along
with some quotes for each test participants foheadividual website. The ratings for each taskever
also recorded along with each task. The questioesaiere also analyzed. The summaries were then
further summarized into a more coincide and shiatement. This was done for easy analysis of test
participants’ responses and for identifying patteamd similarity between statements made by test
participants for each task and website. These detiee compiled and summarized into different
categories for easy data extraction. All transatib®aterials, summary tables and extracted tabkes ar
included in the Appendix 6.
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3.5.2. Analyze Data

From the analysis of the usability testing, twdle three themes, i.e. retrieval and visualizatwamch
forms the basis for this research, were extradgdanalyzing the output of the requirement analysis
gathering, it was observed that majority of thet fearticipants had no clear understanding of how
statistical data should be disseminated, retrievaatd visualized and most especially, with spatio-
temporal statistical data, priory to this testimgsion. Although, most of the test participantsehtne
basic knowledge of what map displays are, but & wlavious that majority of them have no expectation
of how these maps can be used for extraction afrindtion of answers to their questions concerning
changes occurring over time in a geographical lonatGood examples were the responses obtained
from the analysis of the test participants concayithe use of a single static map for data dissatioin
and visualization. More than half of the test maptnts could not understand the concept of thglesin
static map and comments such as “l don't understarmdmap, how do | distinguish between the
changes in the years” and “I can see populatiomiloigion but | can't understand or see the trend o
distinguish the years”, were asked by these tedicpgmants during the testing sessions. The most
probable cause for this could be attributed topther cartographic variables and undefined legesel, s
Figure 3-9 and 3-10, used for the production ofrtfams on the Swedish website. Also, the majority of
the test participants rated the use of a singlécst@ap for visualization of temporal statisticaltd as
“difficult” and not a “must have” on the NSO welest However, test participants were more
comfortable and satisfied with the use of Singktistinteractive maps (i.e. single static map fbat
interactive).

In order to analyze the data, two charts were desigand analyzed. The first chart plotted show the
task rating for each tasks executed and rateddyet$t participants and this ranges from very dliffi

to very easy, while the second chart show the itapbrand requirement ratings of each method as
rated by the test participants. These ratings anast have = necessary”, “could be nice = Not
necessary but could be useful if added” and “netded = it is not important”.

' Database

o m
EASY

no dificultno easy

cifficult

m Migerian website
m swedish website

wery difficult

Number of test participants
Figure 3-16: Chart showing the combination of the test pdicipants rating for the retrieval of data from the
Swedish and Nigerian database websites.

Looking at the Figure 3-16 above, it shows thenatf retrieving of data from both the Swedish and
Nigerian websites. The majority of the test papteits were not able to retrieve the required data
necessary to carry out the defined tasks givehd@mtduring the testing sessions, but were only tble
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execute the tasks after been given the instrucimets by the researcher. This clearly shows éisat t
participants were more interested in the possimlitof easy or direct retrieval of these temporal
statistical data and animated and/or interactigealization methods. Also, some of the methods were
clearly not effective from the users’ perspective dissemination and retrieval of temporal statadti
data. For instance; the multiple static maps on Shedish website were clearly not effective for
dissemination and visualization of temporal chaoiggtatistical data. See Figure 3-10 above.

Another example is the Nigerian NSO website. Theonitst of the users expected maps and charts as a
means of visualization of temporal statistical data this website but instead temporal data are
disseminated as tables in a PDF file and mostpadicipants were clearly not happy about it inithe
comments. For example, TP5 commented, “| will prefe interface where | can select the required
data. The world has gone beyond what is being edféry the website” and TP2 also commented, “I do
not expect to be extracting and moreover, thisfsvare dependent as well. | expect the data tim lae
database”. Based on these outputs from the testisgjon, it is very obvious that users are nosféadi

with existing methods of dissemination, retrievatlavisualization. Below are outputs of the analyses
made from the testing sessions of the requiremethieging stage.

Interface

The chart below shows the combination of the ougifuhe result of the users for the interface & th
Swedish and Nigerian websites. Looking at the ¢liaid obvious that majority of the test partiaips
found the dissemination of statistical data on Nigerian website more difficult than on the Swedish
websites. From the homepage of the Nigerian NSOsitgshthere was no easy link or access to the
statistical data available on the website. Most pesticipants found it quite frustrating clickirep
many links and still not able to retrieve the data.

Interface
wEry Basy
Easy
| Migeri bsit
no dificultyno easy m Migerian website
m swedish website
difficult
very difficult
T T T
a 1 2 3 4 5 g

Number of test participants

Figure 3-17: Rating of the interface of the Swedishral Nigerian websites.

By looking at the interfaces of both websites, ¢hisra clear distinction in the process of retriefa
data from both websites. The Swedish website pesvidn interface for retrieval of data from the
website, while on the Nigerian website, data assetninated using a PDF documents. However, it is
interesting to know that although all the test jpgpaints were not satisfied with this format ofriextal
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of data on the Nigerian website, they still ratechore satisfactory than the Swedish website. This
probably due to the fact that users are more familith data in PDF format than the Swedish method
of data retrieval.

Table

Tables are the most common method of disseminat&nieval and visualization used by all NSO
websites. From the output of the results obtaimednfthe testing session, the majority of the test
participants found the tables on the Nigerian webigiss effective than those on the Swedish website
This was due to the retrieval methods used by betbsites. For the Swedish website, it was possible
for test participants to retrieve just the requitalles, while on the Nigerian website test partiots
could not interact with the data.

Tables
WY ATy _
Easy
; h m Migerian website
no dificult'no eas _
! 1 m swedish website
difficult
vy difficult 1
0 1 2 3 4 = 5

Number of test participants

Figure 3-18: Test participants rating for the use of takes for the dissemination, retrieval and visualization
of temporal statistical data from the Swedish and Nigerianwebsites.

Looking at the Figure 3-19, it is easy to see thast users consider the table an important and must
have method for dissemination and retrieval of terapstatistical data.

Tables
Mot Meeded
oMo Meeded
Can Oe Mice mCan Oe Mice
m kst Hae
Musl Hiwe
] 1 2 pa] 4 ol a]

Number of test participants

Figure 3-19: Test participants on the importance of tablefor retrieval of data from the Swedish and
Nigerian websites.

Overall, although tables are difficult to use fagualization of temporal data, test participantsifit an
important and necessary method on NSO websites.
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Charts

From the observation made from the usability tgstochart as a method of visualization of temporal
statistical data, was only noticed by 3 of the pesticipants and they all rated the use of cHartshe
dissemination and retrieval of temporal data effect

Chart
WErY BESY
easy
no dificult/no easy
cifficult
wEry difficult
u] 1 2 3 4 5 B

Number of test participants

Figure 3-20: Chart showing test participants rating fa the use of charts for retrieval and visualization of
temporal statistical data on NSO websites.

Looking at Figure 3-19, only half of the test peiiants commented that the chart is very imporfiant
dissemination of temporal statistical data. Althlodlyree of the six test participants did either see

or recognise the chart icon used on the Swedistsitechwhile the charts on the Nigerian websites
covers only few aspect of the statistical data iighlkld on the website and none was used for angyverin
or carrying out any of the questions and taskeddskiring the testing session.
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Figure 3-21: Rating of the test participants on themportance of charts for the retrieval of data from the
Swedish and Nigerian websites.
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Single Static Map (SSM)

The single static map was rated as difficult onaifficult by half of the test participants as shroin
Figure 3-22 below. This was due to the fact thajonig of the test participants could actually not
understand the SSM as it was disseminated anévettion the Swedish website. As mentioned above,
the major problem encountered by test participaviien using the SSM was the poor cartographic
variables used for the generation of the mapsFagpee 3-22. From the recordings obtained from the
testing session, most test participants made consneenother maps they have seen and used and how
poor and confusing the maps currently on the SwediSO website are. No map was found on the
Nigerian NSO website for dissemination of spatimyperal statistical data.

SSM
WENY easy
easy
ho difficuling easy -
diffic ult 1
very diffic ult 1 I
1} 1I 2 3 4 i B

Number of test participants

Figure 3-22: Test participants’ rating for the use of a mgle static map for the retrieval and visualization of
temporal statistical data on the Swedish website.

Although, looking at Figure 3-23 below, the majpiiommented that it was necessary or could be nice
to have single static maps on a NSO website forgtréeval and visualization of temporal statistica
data, but with better legend than what is curreatigilable on the Swedish NSO website.

S5

Mot Meeded

Zan B2 Wice _ oot Jeeded
| @ Can Be Kice
W st Hawe
a 1 2 - 4 3 G

Number of test participants

Figure 3-23: Rating of the test participants on the importane of single static maps for the retrieval of data
from the Swedish and Nigerian websites.
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Multiple Static Maps (MSM)

Like the SSM, the MSM was rated difficult by two thie test participant while three of the remaining
five test participants rated it neither difficulbmeasy to understand. However, by looking at @ d
collected during the testing session, majorityhaf test participants could not carry out the gitask
related to this method of visualization. This wa®hably due to the poor use and confusing
cartographic variables used for the visualizatibdaia on through the MSM on the Swedish website.

S
WENY BaSy
ea sy
no dif ficulfino easy _
diffic uft -
wery diffic utt
] 1 2 3 4 Ll 3]

Number of test participants
Figure 3-24: Test participants’ rating for the use ofmultiple static maps for the retrieval and visualization
of temporal statistical data on the Swedish website.

Also, like the SSM, the MSM was rated by the mayoas a “must have” or “could be nice”. For
examples of the SSM and MSM maps as could be aataon the Swedish website, see Figure 3-9 and
3-10.

l:Shi
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= Mot Meeded
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v
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Number of test participants
Figure 3-25: Rating of the test participants on themportance of multiple static maps for the retrieval of
data from the Swedish and Nigerian websites.

Interactive Map

The interactive map, as shown in Figure 3-11, veasdras very easy and easy by all test participants
and many made comments about its effectivenesthéodissemination, retrieval and visualization of
temporal statistical data. It was most effectivd aatisfactory for test participants when combinéth
SSM.
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Interactive
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MNumber of test participants
Figure 3-26: Test participants rating for the use of iteractive maps for the retrieval and visualization of
temporal statistical data on the Swedish website.

As can be deduced from Figure 3-27, all test paeitts rated interactive maps as a must have on NSO
websites.

Irteractive map
Mot Heeded
= Mot Heeded
Can Be Mice H Can Be Mce
= hiust Have
O e ———
u] 1 2 3 4 5 <1

Number of test participants
Figure 3-27: Rating of the test participants on the importane of interactive maps for the retrieval of data
from the Swedish and Nigerian websites.

Animated Map

The animated map, an example is Figure 3-12, wathanvery popular method of visualization that
was highly satisfactory from the users’ perspectiajority of the test participants rated the arteca
map as easy or very easy to use and to understamdHtieir perspectives.
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Figure 3-28: Test participants rating for the use of aimmated maps for the retrieval and visualization of
temporal statistical data on the Canadian population distibution map.

Looking at Figure 3-29, it is obvious that almoBtthe test participants rated the animated map as
“must have” method any NSO website.

Animated map

Mot Meeded

3 Mot Meeded

CanBe Mice - = CanBe Mce
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Number of test participants
Figure 3-29: Rating of the test participants on themportance of animated maps for the retrieval of data
from the Canadian population distribution map.

Although some of the methods, such as charts,dotiee maps, and functionalities, such as the gearc
function, currently present on the existing Nigarand Swedish NSO websites are quite useful &or th
dissemination, retrieval and visualization of temgbcstatistical data, it was also quite obvioust tha
there is need to improve on the existing functities, such as the interface, and include methiés |
maps and interactive and animation on the Nigel8® website from the users’ perspective based on
the usability testing conducted. All analyses ar@ppendix 7.

3.5.3. Results

From the analysis of the usability testing, threentes (Dissemination, Retrieval and Visualization)
were extracted, which forms the basis for this aese The overall results were focused on the
effectiveness of the two case studies for the digsstion of temporal statistical data and users’
satisfaction with the current methods availablehwse websites. The interface relates to how data a
disseminated on the NSO websites and how easydt issers to access the data. The database focuses
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on how these data are retrieved on these NSO wsebsitile the tables, charts and the various maps
focus on how these data can be visualized on ti8¢&2 websites.

General Result summary
Task
Interface 3 of the 6 TPs could not locate the detguired for the tasks given for the Swedjsh

website, while 5 of the TPs could not locate thtadan the Nigerian website and had| to
rely on the instruction sheet given by the researchhis simply implies that although the
Swedish website has a friendlier interface tharNlgerian website, both interfaces are not
so effective and satisfactory for the retrievatiafa from users’ perspective.

Database 4 of the TPs had problems understandagetheval interfaces of both websites. On the
Swedish website, the interface was quite advannethe technology applied and usérs
could not really understand how to extract the meguinformation while on the Nigerianh
website, the data were stored as PDF and thermfip@ssible for users to interact with.

Tables Majority of the TPs insisted that tables ianportant for dissemination and retrieval |of
spatio-temporal statistical data, but only 2 of files commented on its usefulness [for
visualization of temporal statistical data. All TRgree tables are very necessary |for
analysis and data storage, in order to produceother forms of visualization methods.
They also commented that tables should not berihemeans of visualization as could pe
found on the Nigerian website because it is tedangscumbersome for analysis especially
when there are large volumes of data and yearstabhze.

Charts Majority of the TPs favoured the use of théar the visualization of temporal statisti¢al
data. The TPs all agreed that it gives a quickoger of the changes that had occurred
over the years and it is a good means of visu@izafior overview of spatio-temporal
statistical data on NSO websites.

Single static None of the TPs could really understand the usethef single static map for the
maps dissemination of temporal data as presented orstedish website due to the confusing
legend on the map. It was also clear for the tgstiat the users do not understand the|use
of single static maps generally. Most test partioig could not successfully analyze the
trend and population change through the use ohtleithod.

Multiple Like in the singles static map, none of the TPdatonderstand the multiple static maps|on
static maps | the Swedish website, and they all claim that th@psnaere more confusing rather than
being helpful. It was also clear that test paracis could not differentiate the differenges
between the two maps even though they were foerdifit time series. They all commented
that the use of better cartographic variables fenalization of spatio-temporal data using
this method is necessary.

Interactive All TPs commented on the fact that the use of adtve maps for the dissemination |of
maps spatio-temporal statistical data on NSO websiteanca be overemphasized. They
commented on the effectiveness of this method i&seamination of the actual value of the
data by clicking on the map while at the same tigtidl, possible to visualize the changes
on the maps. Also, the data retrieved through theractive maps can also be use [for
simple analysis to determine the trend of change the selected years.
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Animated All TPs agreed that the use of animated maps isthent and best way for visualization
maps of any changing data such as spatio-temporal statisiata. They all commented on the
ease of understanding the distribution patternthadrend or changes that occur within the
data over the years by just looking at the map theg all agreed that it is a must have
method on the website. However, they all commemtedhe fact that it would be more
useful if the animated map could also be interactith an opportunity to stop and retrieve
the actual data behind the animation at anytimeeéy the user.

Table 3-1: Summary of the testing sessions of the neigement gathering phase

Based on the results obtained from the testingi@essd shown in Table 3-1, it was deduced that
some of the existing functionalities, such as thterface and data retrieval methods, and some
methods, such as tables and charts available, esp&icially on the Nigerian NSO website, are not
effective in satisfying users’ needs for dissemorgtretrieval and visualization of temporal sttitial
data.

3.5.4. Prototype Development Recommendation

In developing a prototype for the Nigerian NSO wehertain factors have to considered based ®n th
results obtained from the users’ requirement aiglgathering session. Some of the factors to be
considered for developing an NSO website thatfecéfe, efficient and satisfactory for dissemioati
retrieval and visualization of spatio-temporal megil statistical data from the users’ perspectaves

the different categories of users of the NSO websitvel of knowledge of the users in visualizatidn
temporal statistical data using the various typesnaps available and use of the internet for work
purposes.

Based on the output of the usability testing sessamimated, interactive, tables, single static and
multiple static maps will be used for retrieval anglalization of spatio-temporal data on the prygie
NSO website. Although for the testing session tlamddian population density animated map was
used, but according to (Babu, 2005; Blok, et &00& Goldsberry et al., 2009; Griffin, et al., 2006
there are different types of animated maps, arehawill be implemented on the prototype and tested
by users for the prototype evaluation phase of thsearch. The use of the proper cartographic
variables for mapping purposes and well defineémeg will be inculcated on the prototype.

3.6. Conclusion

The overall impression of the test participants e the Swedish website has a more user-friendly
interface and it is much better and advanced in dissemination, retrieval and visualization of
temporal statistical data on the website and therietis a great need to improve on the Nigeriarsiteb
for both the interface and also for better disseidm, retrieval and most importantly visualizatioh
these data.

In summary, it is very obvious that the three kegdgoi.e. effectiveness, efficiency and satisfattmf
a user centered design are not met by the Nig&t®@ websites for the dissemination, retrieval and
visualization of temporal statistical data from ngs@erspective. There is therefore the need t@ldgv
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an improved prototype of this NSO website whileirigkinto consideration the results of the
requirement gathering testing session.
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4.  Prototype Design and Implementation

4.1. Overview

This chapter gives an overview of the design angléementation of the prototype. It defines the
functionalities of the prototype based on the dgtnered from the users’ requirement analysis. From
the requirement analysis phase, test participaet® wsked to execute some tasks. The aim was to
gather information on the usability of existing NS@bsites for the dissemination, retrieval and
visualization of spatio-temporal statistical ddbauring the testing sessions, the interfaces of N&©D
websites, the data retrieval techniques and thkilitgeof the methods i.e. tables, charts, singktis,
multiple static, interactive and animated maps vteséed.

4.2, Introduction

The prototype design is the second phase in the Bjgiboach. This phase deals with the designing of
the prototype and this designing is in three statiess conceptual design, the interim design and the
final design, see Figure 1-1. The conceptual destgge is the first stage in any prototype dedign.
involves defining a plan for the development of fivetotype. In a UCD approach, the conceptual
design is developed based on the result obtaired the requirement analysis phase. Based on the
conceptual design, an interim design is developetthis is tested by the developers to detectdault
The final design stage involves development theagbype as it would be released to the users. The
prototype design phase of the UCD is an iteratioegss, which usually involves given the developed
prototype to test participants in order to detecors based on users’ perspective and then codecte
before being released to the final end users optbttype.

In this research, the prototype was designed bagetthe output of the requirement analysis testing.
Test participants comments based on how spatiogmhpstatistical data should be retrieved and
visualized were translated into a conceptual deaighthis was finally developed into the prototype.

4.2.1. Retrieval of Spatio-Temporal Data from the S wedish and Nigerian NSO
Websites

The retrieval process on the NSO websites werestigated in two ways: the interface and the
methods in which the data could be retrieved. Rerinhterface, test participants found the Swedish
website more user-friendly than the Nigerian websithe users were able to navigate through from the
home page to the database of the Swedish webssterdhan on the Nigerian website. From the
analysis of the requirement phase, it appearedathigthalf of thetest participantsvere able to locate
the data while only one test participant was ablktate the data on the Nigerian NSO website. Most
test participants commented on the fact that thedsskh website is more user-friendly. For example,
TP 4, commented that “the Swedish site at firshggahas a user interface that is friendlier that th
Nigerian website”, and TP 2 commented that “thisdsy ok. This is more elaborate and you can just
click on it”, while TP 2 also commented on the idifilty of using the Nigerian NSO website, “I do not
expect it to be so difficult like this and | stdhnnot find it. An impatient person will have givap
because | would expect to be able to get the irdition under few minutes” and TP 4 commented that
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“it is not a simple or straight interface created data dissemination”. Overall, the Swedish webisi
more user-friendly than the Nigerian website altfftothe there is need for improvement on the
interface of both NSO websites to allow for eadyiegal of spatio-temporal data by simple clickiog
the map and also easy navigation within the website

It was observed that the retrieval methods on thedg&h and Nigerian websites were quite different.
On the Swedish website, users have the opportohiglecting the required data from a databaseswhil
on the Nigerian website data can only be retrigmd@DF format. It was also observed that the Swedis
NSO website was developed for users with high kedgé of the use of computer for work purposes,
and from the output of the test, the Swedish iatf though better than the Nigerian NSO website
interface, was not easy to use for users withelikhowledge of internet for work purpose. From
comments of test participants, such as TP 5, ffibisfollowing a standard and not easy to undedsthn
will also expect the search function to be ablgit@ me directly the required information” and TP 7
“this website seems a bit clumsy”. It was obviohattmost test participants found the database
confusing and difficult to use. Although test peigiants could understand the retrieval format an th
Nigerian NSO website more easily, they were notegsatisfied with the method on this website. TP 5
commented “I don’t think Nigerian website has awiemment for data dissemination on this page”
while TP 2 commented “l do not expect todmvnloading and extracting”. Based on these residts
the prototype, an easier way than what currentigtexon the NSO websites for data extraction wéll b
used for the prototype.

4.2.2. Visualization of Spatio-temporal Data on the Swedish and Nigerian NSO
Websites

The visualization of spatio-temporal statisticatadan the NSO websites is done using tables, ¢harts
single static maps, multiple static maps and imtéra maps. For the table as a method of retrieval,
most test participants found it tiring and strek$éu visualization but they all recommended it as
important on NSO websites for data storage and taging. For example, TP 2 commented; “use of
table for analyzing is like water and blood to thenans, you can do without them although you still
need map to complement it”. This comment simply msethat tables are important and necessary for
dissemination of data on the websites but they Ishba complimented with maps for visualization
purposes. Chart was a method that was favouredalfyolf the test participants as a method for
visualization of spatio-temporal data but TP 4 camtad “charts become clumsy with increase in the
number of years”. The use of single static mapsrauldiple static maps were the least favoured lay th
test participants. This could be basically becatsse two maps as can be retrieved on the Swedish
website are not created with the proper cartogaplsual variables (value, colour) and have poor
legends. The majority of the test participants fbtime maps confusing and difficulty to understand o
to differentiate trends on them. TP 4 commented ttiee two maps for the different years in the
multiple statics are not showing much differenchisTgive me the impression that visualization of
changes on the two maps is not quite possible’> TBmmented “I don’t understand this map, and how
do | distinguish between the changes between taesYjevhile TP 7 also commented “I can’'t see much
difference between the 2002 and 2008 maps. Thetdd chave been an improvement in the
representation (cartographic variable), it is not\gsible and the understanding is hampered or
limited”. Finally, for both the animated and intetize maps, test participants found both methodg ve
effective and satisfactory for the visualization tofnds and changes that occur in spatio-temporal
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statistical data and all test participants commetoie how effective the animated map would be i it
also interactive.

Based on the overall results of the usability tegtihe user interface design and the data retrmva
the prototype will be made as simple as possible @ble will be used for the dissemination and
retrieval of data as download and to give quickreiv of the data but not for visualization purpese
in the prototype, while animated and interactiveropleth and proportional symbol maps, along with
multiple static maps with well defined legends aumdper cartographic variables will be used for the
visualization of spatio-temporal data on the prgtet

4.3. Conceptual Design of the Prototype

Based on the results of the requirement analysésconceptual design of the prototype was developed
In designing the prototype, certain factors havebéoconsidered, as such:- the levels of computer
literacy of the prospective users . This is impatrta the designing of the interface and the re#ie
method of the spatio-temporal data in the NSO pypm Therefore, the interface will have only the
minimum selective possibilities. Another factor smtered in the conceptual design of the prototgpe i
the level of knowledge of the users in the viswian of spatio-temporal statistical data using the
various types of maps available. This is very ingar because, although maps give a good
visualization of spatial distribution of data compé to tables and charts, it might prove confusorg
users with little knowledge of map use. Based endhitput of the analysis of the requirement analysi
phase, the prototype will be made as simple anglteasse as possible.

In the conceptual design of the prototype, the ayeas divided into three major pages.

The first page of this prototype is the interfaeg of the Nigerian NSO websites. This page will be
designed to contain definitions of the types of hmds and maps that are available on the prototype,
time selection and also allows for selection ofrirep required.

The second page would be created for disseminafidhe choropleth, proportional symbol maps and
single static maps. The interface will contain bo#t to control the map, a window to allow for direc

loading of the selected map type into the windowgop-up window for the retrieval of the actual

population data for each state and the legends.

The third page of the prototype is designed to @ionthe multiple static maps. Based on the
requirement analysis, the majority of the test pesswere not able to compare the maps for two
different years together easily due to the inapiit placing them side by side on the same page. Fo
the requirement analysis testing, users were requo open two windows and place them side by side
to allow for comparison of two maps. However mdjoof the test participants could not achieve this
objective. Therefore, this window is divided intgdt parts, one for each map. This is to ensure easy
opportunity for users to compare two maps of défdryears.

Although in the conceptual design, three pages wesigned, however for in implementation of the
prototype, additional pages were created for thigeral of the different methods available in the
prototype.

62



4.4, Implementation

4.4.1. Software and Technology

Flash CS4 Professional and ArcMap were the softadopted for the implementation of the prototype
in this research. Flash CS4 Professional is a mtoofuthe Adobe Creative Suite, which is a collewti

of graphic design and web development applicatinade by Adobe Systems. Adobe CS4 Professional
is software with a friendly user interface thabal$ for developing animated maps and publishingthe
on the Web. This software allows for easy use Witke knowledge of programming. The software
uses action script as it underlying programmingglerge. CS4 Professional was chosen by the
researcher because of the little knowledge of pnogning that would be required in using the software
and also because of the availability of detailelg fignctions for using the software.

4.4.2. Spatio-Temporal Statistical Data

As defined earlier, the Nigerian population data gpatio-temporal data collected over a period of
years. These data were obtained from the Nigeria® Mebsite as a PDF file and retyped in an Excel
spreadsheet. The data originally contains the @ojoul data of the 37 states in the country and only
data of two years i.e. 1999 and 2006 were fountherwebsite. In order to obtain more temporal data,
the researcher sent a mail to the Nigerian NSO ieebsr more information on how to obtain more
temporal data but was informed that the NSO welmsitg have data for 1999 and 2006. Therefore, the
intermediate years (2001, 2003 and 2005), ardifius data added by the researcher to better able t
demonstrate the functionality of the prototype.ohder to upload the data into the CS4 Professional
environment, an XML schema was created and theddtewas converted into an XML file. ArcMap
was used for the first stage of the data preparafihis software was used for geo-referencing and
digitizing the base map. Then, the Excel spreadsivas imported and joined to the attribute table,
from which the maps were created before they wapmited into the CS4 environment.

4.5. The Prototype

The prototype was developed using Flash CS4 Piiofeslssoftware and ArcMap. A base map for
Nigeria was obtained from my organisation in Nigeudigitized and geo-referenced in ArcMap. The
generated map was then copied and pasted into El&ghProfessional as different layers and these
layers were converted to movie clips, buttons apgics. Using the action environment, codes were
generated in action script programming languageaaluiéd to the buttons and movie clips. These codes
were used to automatically load the XML file contap the spatio-temporal statistical data, caleulat
the symbol sizes for the proportion symbol map fithve data loaded and also compute and load the
appropriate colours in the choropleth maps. Theotype basically focuses on the dissemination of
spatio-temporal population data using animated antdractive proportional symbols, interactive
choropleth, single static and multiple static mafise prototype has three major pages which include
the home (interface) page, spatio-temporal stesistilata page and population database page. The
population interface has defined links to the talgepulation density and absolute number of
population interfaces. Although the overall conceqtposed in the conceptual design was maintained
in the actual prototype implementation, few changese made in the prototype. For the interface of
the prototype, the screen dump of the Nigerian N&Dsite was used as the interface of the prototype,
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to create the impression of the real NSO websiteo,Ahe data were stored as XML file instead odiin
database, due to the simplicity and quantity ofdé being used. Also, the

4.5.1. Prototype Interface

The interface for the prototype was created froemdhginal Nigerian NSO website. To create this, a

screen shot of the original NSO website was takehealited using paint software. This was then saves
as a “TIFF” file and imported into the CS4 Professil software. The imported file was converted into

a movie clip and a button (spatio-temporal statidtidata) was created to link this page to the

prototype. The image of the interface of the pngietis shown below and a direct connection is made
to the prototype.

January
o) e
NATIONAL BUREAU OF STATISTICS I ok AL e A

ABOUT MBS CONTACT NBS SPATIO TEMPORALDATA MAIL  SEARC

HOME  NIGERIAN MAPS  STATE INFORMATION

Vielcome to the National Bureau of Statistics, Federal Republic of Higeria

Information on Demand

_. The Bureau of ovides ive, timely, relevant, responsive and cu focused ion refating to: the
=ocial and economic sctiviies as well as of the i ‘of Migeria. with all the tiers of Government and
their in the or i it ®

[— select sector Statistics —

BROWSE SECTOR STATISTICS

NEVUS

% Statistics Office of other Countries

# National Planning Commission

#* Federal Ministry of Heatth

 NMational Population Commission

% Nigerian Stock Exchange

“ Federal Ministry of Finance
% Central Bank of Higeria

# Nigerian National Petroleum
Corporation

* Viorkd Bank
# Eurostat

Mare =

TeleComm/Postal Serv
Contributed 3.48% to the GDP in Q3
ELLES

Manufacturing

Contributed 3.49% to the GDP in O3,
2009

Building & Construc

Contributed 1.53% to the GDP in Q3,
2009

Heotel and Restaurant

Contributed 0.47% to the GDP in O3,
2009

Crude Petroleum & Ma

Contributed 15.54% to the GDP in O3,
2008

SURVEY SIFORMS

Solid Minerals
Contributed 0.37% to the GOP in Q3,
2009

Finance & insurance

Contributed 2.20% to the GDP in Q3,
2009

Agriculiure
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2009

Wholesale and Retail
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2009
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= Trade Statistics 1996-2005

= Price Statistics 2006

= CPfand Inflation 2005-Dec2009
= Trade Statistical News 2008

= CWIQ Flyers 2006

= Statistical Fact Sheet
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= Annual Abstract of Statistics 2008

= Prowisional Total 2006 Census by LEA
= Mational Accounts 1981-2006

= Agric Filing Data Gap1995-2006

= The Middie Class in Nigeria 2007

= Directory of Health Establishment

= External Trade Statistics 1987-2006

= Buliding and Construction 2007

Figure 4-1: Homepage of the Nigerian NSO website withdaled button “Spatio-temporal Data” linking to

the prototype

45.2.

The spatio-temporal statistical database, like mather statistical database pages on many other
websites, has the definition of spatio-temporaistiaal data and also a list of all statisticatedevhich

is disseminated by subject area. The spatio-terhptasistical database was created from layers of
movie clips and buttons. This page contains linkhi® population database. Although there are other
options on the subject by area list, only the pafiaih option is activated in this prototype. Thagyp
also contains links which allows for navigationhifit the prototype.

Interface for the Retrieval of the Spatio-Te mporal Statistical Data
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Spatio-temporal Statistical Database
[ Heme ] 'Spatio-tmporal data. [Reptiaten data | ] |

The spatio-temporal statistical data are data of different
regions or locaions collected for different moments in
time. These data are produced through censuses, | =
surveys and administrative records. f

: | e Ytm
The National Population Commission (NPC) has the ! Kebi - ! \ Same
statutory responsibility for the production of
demographic and vital statistics in Nigeria and is.
therefore, the main source of data. These data are
distributed by subject area.

ok Barmbs |

Select By Subject Area | ~ 3
8 Agriculture o : o P L=
® Education { e it ¢
® Health o - Stz
® Household Income et
® Population |
® Religion

Tarstn

Map Overviews

@ Tourist maps
m Geological map
® Historical maps

Figure 4-2: Interface for the retrieval of the Spatio-tenporal statistical data on the prototype of the
Nigerian NSO website

4.5.3. Population Page Interface

The population page was designed to serve as arfdoé that allows users to select the needed mhetho
of retrieval and visualization of spatio-temportdtistical data. It is the interface to the talbhel anap
pages. The page like all other pages on the ymeois a collection of movie clips and buttons. The
image of the population database page is showmtiel&igure 4-6.

Population Database
T Spatio-temporal data | [ Popuistion data | ] |

Population data are census data of inhabitants of

Nigeria collected over a perod of time. These data are p —
collected and disseminated for each stateThe \
Population data of Nigeria can be retrieved. _ i ,  Yooo

@ TABLES / l i )
Absolute population data Y Kasrsy Houchi k)
>>> by country e
>>> per state

Population density data
>>> by country
>>> per state

MAPS
Absolute population map
>>> by country
Absolute population map:1999 - 2006
>>> per state
Absolute population map:1999 and 2006

m Population density map
>>> by country
>>> per state
Change in population density:1999 and 2006
Change in population growth from 1999-2006

2

N

Figure 4-3: Population page interface of the developed ptotype of the Nigerian NSO website
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4.5.4. Retrieval and Visualization Methods in the P rototype

As earlier mentioned, the retrieval and visual@matbf spatio-temporal statistical data are dissateth
on the prototype using the tables and maps. Therdfaur types of maps in the prototype i.e. an
animated proportional symbol map, an interactiverchleth map, single static and multiple static
maps. Both the table and maps methods allow fordtreeval and visualization of spatio-temporaladat
for both population density and absolute populatiomber data.

455. Tables

The table is one of the methods of data dissenoinaiti the prototype. On the prototype, a table
database was created to allow for both the retrief/éables in the prototype. The tables are stored
either as a population density data or as absalutgber of inhabitant of an area over different moime
in time. Based on the result of the prototype eatbn, the table in the prototype allows users to
instantly visualize the data for both the populatidensity of an area and the absolute number of
population of inhabitants. The prototype also alavgers to download spatio-temporal statisticad,dat
see 4-7 below.

Tables Database
. Home Spatio-temporal data. | Popuiationdata | comactus | OfherNsOs

TOTAL POPULATION FOR NIGERIA FOR 1999-2006

Table is the most common method of
dissemination of spatio-temporal stafistical

data on NSO websites. The table gives the State 1099 2001 2003 2005 2006
possibility of users having the spatio- Abia 2338487 2,400,487 2,512,369 2,609,554 2,833,899
temporal data in a a tabular format. Adamawa 2,102,053 2,350,000 2,500,000 2,705,487 3,188,101
Awa-loom 240913 2,620,208 3,020,208 3420,208 3,920,208
Anambra 2,796,475 3,086,475 3398475 3896475 4,182,032
[Download data | Bauehi 5351007 4400000 4500000 4600000 4676465
. Benue 2,753,077 2,900,000 3,500,000 4,000,000 4219244
Absolute population data Bomo 253000 3000000 3500000 3900000 4151193
>>> Per Country Crass-River 1,811,297 2,200,000 2,400,000 2,600,000 2,898,966
8 1999-2008 Detta 2,590,491 2,700,000 3,300,000 3,800,000 4,098,391
Edo 2,172,005 2,300,000 2,700,000 3,000,000 3,218,312
>>> Per State Enugu 3,154,380 3,170,000 3,190,000 3,200,000 3,257 29
B 1999-2006 Imo 2485635 2,600,000 3,100,000 3,500,000 3,834,899
® 1999 -2001 Jigawa 2875525 3,400,000 3,800,000 4,000,000 4348840
8 2005-2008 Kaduna 335618 4,330,000 5,000,000 5,500,000 £,086,562
Kano 5,810,470 5,500,000 7,000,000 8,000,000 9,383 662
Population density data Katsina 3753132 4,200,000 *500,000 5,200,000 L9257
>>> Per Country Ketbi 2,068,490 2,300,000 2,700,000 2,900,000 3,238,628
8 1999-2006 Kogi 2,147,758 2,300,000 2,600,000 2,900,000 3278487
Kwara 1,548412 1,700,000 1,900,000 2,100,000 2,371,089
>>> Per Srtate Lagos 5,725,116 6,300,000 7,200,000 8,100,000 9013534
8 1999-2006 Niger 2421 581 2,700,000 3,300,000 3,600,000 3550249
8 1999-2001 Cgun 2133726 2,600,000 3,200,000 3,500,000 3,728,008
@ 2005-2008 Ondo 3,785,338 3,600,000 3,500,000 3,400,000 3441024
- Osun 2,158,143 2,600,000 3,000,000 3,200,000 3423535
oy 3452,720 4,000,000 4,500,000 5,000,000 5591229
Nﬁ, Piateau 3312412 3,300,000 3,250,000 3,200,000 3,178,712
Rivers 4,309,557 4,700,000 4,900,000 5,000,000 5,185,400
Sokoto 4470178 4,100,000 3,800,000 3,750,000 396,999
Taraba 1512163 1,700,000 1,900,000 2,100,000 2,300,736
Yobe 1,399,687 1,500,000 4,700,000 2,100,000 2,321,501
FCT 71674 500,000 900,000 1,100,000 1405201
Zarvfara 1,500,000 2,000,000 2,500,000 2,800,000 3259848
Nassarawa 500,000 700,000 1,200,000 1,500,000 1,863,275
Gombe 1,200,000 1,500,000 1,800,000 2,100,000 2,353,879
Exit 1,100,000 1,400,000 1,800,000 2,000,000 234,212
Ebonyi 800,000 1,200,000 4,700,000 1,900,000 2173501
Bayelsa 400,000 650,000 950,000 1,300,000 1,703,356

Figure 4-4: Table interface of the developed prototypef the Nigerian NSO website

4.5.6. Interactive Choropleth Map

Choropleth maps are maps in which mapped locatoashaded, patterned or coloured in proportion
to statistical variable or data collected. The jamiyncharacteristic of a choropleth map is that it
symbolizes the magnitudes of the statistics as toeyr within the boundaries of the unit area using
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colours (Goldsberry et al, 2009). An interactiveoidpleth map is a map that shows the change in
spatio-temporal statistic of an area using increasdecrease in the colour value or colour shade an
also have some interactive functionality for exaejleing able to retrieve the actual statisticté dhy
just clicking on the map. By using the arrow bustoit is possible to visualize the change in pojoia
distribution for different years. For the prototy@a interactive choropleth was developed. Thiggiv
the user the opportunity to extract population dgndata from the map for different geographic
location for different years by clicking on the vég@d map area. See Figure 4-8.

Population Density maps
L Home ‘Spatiotemporal data | Populationdata | | Contectus | Omernsos |

The population density data are disseminated in
two classes, namely the per country and per state.
This data are disseminated using variations in
colours to show variation in population density.

Map showing Population density 1999

The population density maps shows the
population distribution of inhabitants per km2.

>=> Per Coun
Population density map
® 1993 - 2006

Pop. density
{in sgkm)
1500-4500

>>> Per State Bl s00-1500
Change in population density Bl 600800
B 1999 - 2006 400-600
® 1999 and 2006 [ z00-a00
100- 200
P: Change in ion density 50 - 100
& 1999 -2001 <50
® 2005 - 2006
« 6a

Figure 4-5: Interactive choropleth map for population digribution for 1999 to 2006

4.5.7. Animated Proportional Symbol Maps

A proportional symbol map is a map designed toettissate data about a geographic location using
symbols which are proportional to the data collédta that particular location. The use of symiml i
one of six the graphic cartographic variables thate defined by Bertin (1983).The proportional
symbol map uses differences in symbol sizes tocttegiifferences in the datasets from which these
symbols are produced from. The use of proporti@yahbol map for showing absolute population
growth is a very common phenomenon because userseasily interpret the bigger symbols to
represent larger population growth than the smalferbols. In the prototype, an animated proportiona
symbol map was developed that allows for usergéotise gradual growth of the symbols according to
the available data. This was based on the commabtmined from users during the requirement
analysis testing concerning the ease of the usiohated maps for the retrieval of spatio-temporal
statistical data. The map also offers the possihdf retrieving the actual data from the map tiytou
the pop-up window concept. See Figure 4-9 below.
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population per state

— I
r 'Select the capture area and 'Right-Click' to complete

i
G ﬁ
t «-.!’
.
« Q5@

-

Figure 4-6: Animated proportional symbol map for populationchange from 1999 to 2006

4.5.8. Multiple Static Maps

Multiple static maps are maps that show two difierigme series maps as two separate maps. These
maps as they are in the prototype are non-inteaatiaps and show information only about a particula
time or event. For most multiple static maps, ttee wf colour or hue is mostly use for the
dissemination of information and the variation loé ttolour or hue is dependent on the attributeithat
been mapped. Based on the result of the requirerueallysis usability testing conducted, it was
observed that most of the test participants cooldopen the multiple windows together. Therefone, i
the prototype, the multiple static maps for twdeiént moments in time are presented side-by-side f
easy retrieval and visualization by users. Figuf®dbelow shows the multiple static maps as can be
found on the prototype.
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Change in population density for 1999 and 2006
| Home ‘Spatiotemporal deta  Population data | Contaotus | OfferNsos

Population density map 1999

~ Population density map 2006

™

Figure 4-7: Multiple static maps for population density br 1999 and 2006

4.5.9. Single Static Maps

The single static map is another popular map usethé retrieval and visualization of spatio-tenglor
statistical data. This map, unlike the multiple tistamaps, shows changes that occurred in a
phenomenon over different time sets. This simplyamsethat the changes that occur between two
different time sets can be portrayed using a siagdc map. In order to map using a single statp,

the percentage of change between the two timeo§éte phenomenon have to be calculated and this is
mapped to obtain the single static map. Similaslthie multiple static maps, the single static nmafhe
prototype is a non-interactive map.

Population Density maps
| Homs Spatio-emporal data | Popuationdata | contactus | otherNsos

Percentage change in population density
1999-2001

The population density data are disseminated in
two classes, namely the per country and per state.
This data are disseminated using variations in
colours to show variation in population density.

The population density maps shows the
population distribution of inhabitants per km2.

: - Change population Density
>>> Per Country {in percen :
Population density map sh i
8 1999 - 2006 %:;:_;;ﬂ
| 5.90 - 1242
ci o ne = 12.43-20.47
Change in population density I 20404000
® 1999 - 2006 B o002

® 1999 and 2006

Percentage Change in population density
B 1999 - 2001 )
® 2005 - 2006

V | : . : —

Figure 4-8: Single static map showing percentage change population density for 1999 and 2006
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4.6. Conclusion

Overall, the aim of conducting the requirement gsialtesting was to obtain users requirementshier t
dissemination, retrieval and visualization of spaémporal statistical data and to develop an iwgdo
Nigerian NSO website prototype which is more effagt efficient and satisfactory from users’
perspective. The prototype was developed basethemesult of the requirement analysis testing and
will be tested to see if the users’ requirementsraet.
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5.  Prototype Evaluation

5.1. Overview

This chapter deals with the evaluation of the NajerNSO website prototype, developed in the
previous chapter. This prototype is evaluated thinousability testing. The testing involves allowing

test participants to execute some tasks based fomedescenarios using the prototype. The output of
the test will be analyzed and compared with thalte®f the requirement analysis phase.

5.2.  Usability Evaluation of Prototype

The prototype evaluation is the third and final ghaf the UCD method. This phase deals with the
evaluation of the prototype designed in the sequmase. The prototype evaluation phase is another
usability phase carried out to determine the eiffeaess, efficiency and user satisfaction of the
prototype in the dissemination, retrieval and vigadéion of spatio-temporal statistical data. Iristh
research the case study is the developed protofiyipe.prototype evaluation is usually an iterative
process between the prototype design phase anprob&type evaluation phase, see Figure 1-1. This
usually involves the prototype testing with testrtigipants repeatedly and applying corrections
obtained from these testing sessions until thd 6ogut meet the users expected needs of the.users

According to Rubin et g2008), a product (or prototype) should have tHeWong characteristics and
these characteristics will be tested in the praety

Efficiency: This refers to the quickness with which the usgosl can be accomplished accurately and
completely and this is usually a measure of time.

Effectiveness This refers to the extent to which the produahdye in the way that users expect it to
and the ease with which users can use it to do thlegtintend.

Satisfaction This refers to the users’ perceptions, feelingd apinions of the product in performing
the required tasks.

5.2.1. Designing and Execution of the Prototype Eva  luation Phase

As earlier mentioned, the aim of this evaluatiors wadetermine how the prototype developed sasisfie
the users’ needs for the retrieval and visualizatdd spatio-temporal data from the Nigerian NSO
website and whether the prototype is effectiveiciefit and satisfactory to its users. This evabrati
session was also used to test how users actualigve data from this part of the NSO website, what
methods were used and why. For the design and teeaf this evaluation session, a scenario was
made (see Appendix 12).

In this evaluation session, the same techniguesed in the requirement analysis phase were applied
According to Nielsen (1994), the best result of amsability testing can be obtained by using
combination of several usability techniques. Thamef three techniques were adopted. These
techniques include thinking aloud, a questionnaité an interview. The questionnaire was divided int
two parts. The first part was designed to gathfarimation about the test participants, see AppeBdix
This questionnaire was very similar to the questire used for the requirement analysis phase. The
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second part of the questionnaire was designed b@sdde objectives of the evaluation session. This
part included tasks and scenarios designed toatahéormation on the effectiveness, efficiency and
satisfaction of the users in using the prototyplee fuestionnaire also includes questions used for
monitoring and analyzing the various methods dfi¢eal and visualization techniques applied by the
users for the various tasks. The users were expéetill this second questionnaire the in combimmat
with the thinking aloud while executing the tasksbrief interview session was held at the end ahea
session, in order to investigate the level of tpatticipants’ satisfaction in working with the potype.
The think aloud technique was used to record al altivities, which includes the filling of the
guestionnaires by the TPs, the task executionlamihterview sessions, of all the test participante
recorded output was later analyzed to extract reeédrmation to determine the effectiveness,
efficiency and satisfaction of users. Finally, atroductory note was designed to welcome all test
participants and give a brief description of whw testing session involved. This included infoliorat

on what was expected from each test participantsiief description of the testing procedure and
techniques, and the duration of the testing perSm appendix 11 for a copy of the introductoryenot
Test pilots were conducted using two students &M before the tests were actually carried out with
the real test participants.

Below are some of the tasks carried out by tegsiqgiaaints for the prototype evaluation.

» Suppose you want to know where most people livthinNorthern part of Nigeria, by state
distribution in 2 different years. Is it possibke find the state(s) with the largest number of
inhabitants in the Northern part of Nigeria for trears 1999 and 2005?

» Let us consider population density now (numbembbbitants per km2). Are there differences
in the changes of population density in the ped®9-2005 between different parts of the
country?

* For 1999-2001 and 2005-2006, is it possible to rd@tes percentage change in population
density for states in the country?

5.2.2. Test Techniques for Evaluation Session

Think aloud method

This technique is a qualitative technique that ines the use of five to nine test participants.sTiaist

will be recorded both audio and video, and alseeciogging. This technique was selected because it
will allow the researcher to have the opportunitysatch the test participants perform the givekdas
and also what is shown on their computer screaistt allows for replay of the scenarios of the &as
carried out by the test participants and also terdane the time taken for the execution of eashga
The time taken to carry out each tasks and the emess of the tasks can also be deduced from the
recorded data. The think aloud also gives more dppity of extracting information on how users
executed the given tasks with the prototype, wihidght not have been possible with other techniques
such as a focus group. The technigue allows fompewimg the users’ activities with what users adyual
say during the execution of the tasks. Based os, thie effectiveness, and the efficiency of the
prototype can be determined.
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Questionnaire

The questionnaire is a technique which involves pasticipants filling out some predefined quession
before (see Appendix 8) and during the testingisegsees Appendix 9). This technique was selected
because it can easily be combined with the thiokicitechnique to collect useful information about
test participants and tasks executed. The questiennalso called survey), can be used as a
guantitative or qualitative technique. For thistites session, the first questionnaire will be used
collect simple background information about testtipgants and their knowledge and level of
interaction with the Internet as a means of retnig\and visualizing information and most importgntl
statistical information. The second questionnairas wised during the execution of the tasks. Test
participants were be expected to fill in some amsweelated to their tasks directly into the
guestionnaires.

Interview

This is a technique that involves asking users tipes relating to the task just completed. Thee ar
predefined questions for the test participants &gpeendix 10). This will be used to determine the
users’ satisfaction with the prototype. The intewisession allows test participants to comment on
some of the difficulties observed during the testgession and also to express their opinions of the
whole test session.

5.2.3. Test Environments and Equipments for Evaluat  ion Session

The test session was carried out in the usabditptatory on the first floor of the ITC buildinghis
laboratory, which was set up in the year 2000 isigggpd with a professional analogue SVHS video
camera, for making the video recordings of theisassand external microphones, to improve the
sound system. The laboratory also has a compuséeray for test participants to carry out the reeglir
tasks. Finally, the room is also fitted with aitigquad unit, which allows for the synchronizatiof

the video signals of the test participants, a sttegging from the computer monitor and audio signa
and all can be seen together on a television sdismn Figure 3-13) and a video recorder player to
analyze the output of the testing session. Therdauog devices are needed not only for analysis
purposes, but they also provide a scientific pafofhat actually occurred during each test session.

5.2.4. Test Participants for Evaluation Session

According to Rubin et.al (2008), a minimum of fodo five test participants is needed to expose as
many usability problems as possible in a short tenel also to determine the effectiveness and
efficiency of the product. In selecting the numludrtest participants, certain factors had to be
considered: the number of available resources toupeand conduct the test, the types of test
participants required and the duration of the td#sis important to balance the number of test
participants with practical constraints of time fRuet al, 2008).

For this testing session, seven ITC students frarious departments were used as test participadts a
these test participants were classified into twaups. The first group of test participants consisié

students with little knowledge of maps for retriesad visualization purposes. The second group of
test participants included students with knowled§emaps; either had used maps for retrieval and
visualization of data or had worked with maps fdhew analysis purposes. Both groups of test
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participants were selected after a short verbalrigw with the researcher. The major reason fiwr th
distinction was to compare the methods and appesatdken by the two groups of test participants in
the retrieval and visualization of spatio-tempataltistical data.

5.2.5. Conducting the Prototype Evaluation Session

The prototype evaluation session was divided it tajor parts. The first part, like the requiretnen
analysis testing, started with the researcher weiltg the test participants. This was carried outhay
researcher reading the introductory note out totélse participants while they read along from cepie
given to them, (see Appendix 11).The welcoming nioiduded a welcoming statement and an
expression of the researcher’'s appreciation fortése participants’ positive response to being pért
the prototype evaluation sessions. It stated theateh topic and explained the aim of the resedirch.
also explained the purpose of carrying out theirtgssession, which was basically to evaluate the
effectiveness and efficiency of the developed pyp® and also users’ satisfaction. The evaluation
session was also used to determine the various aaysnethods in which users retrieve and visualize
spatio-temporal statistical data. The introductopte briefly described the techniques used for the
evaluation session and test participants were askée time conscious, and were also encouraged to
relax during the process of carrying out their $askhe note also included information about how the
test would be conducted and the estimated timeauefext the tasks.

The aim of the introductory note was to ensurearnifty and exactness in the information given to al
test participants. This was also to stress the itapoe of thinking aloud during the execution of th
tasks to the test participants. The test particgpamere then shown the test equipment.

Following the reading of the introductory note ttparticipants were given the first questionnaine a
were asked to think aloud while filling the questiaire. This was to help test participants havdebe

of the think aloud technique and also an opponufuit the researcher to stress the importance ef th
technique to the test participants, while at thmesdime opening the prototype. Having filled the
guestionnaire, the task sheet (see Appendix 9),gives to the test participants and they weretkeft
carry out the tasks without supervision. Test pgréints were asked to write some simple answeos int
the task sheet given to them and also to thinkdatbrough out the process of the tasks execution.

On completion of the tasks, which was estimatethsd about 20-25 minutes per test participants, a
short interview was conducted for each test paaicis. The interview started with some predefined
questions (see appendix 10), and also additioredtepns were asked based on comments made by test
participants either in the filled questionnairedoring the execution of the tasks. The interviessgm
lasted for duration of 10 minutes per test paréinip The evaluation sessions were executed during
three days and seven test participants were tested.

5.3.  Outcome of the Prototype Evaluation

Using the three phases of analysis as recommend&uilbin et al (2008) and used in the requirement
analysis testing, all data collected during thialeation session were analyzed as described below:

» Transcribing and data summarization

» Data analysis

* Results
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5.3.1. Transcribing and Data Summarization

All video, audio and screen logging recordings wawmpiled and transcribed by the researcher at the
end of each day of the test. This involved the @sscof writing out all the recorded information in
tabular format. This was to allow for easy idectition of data collected per test participants’ &md
find correlations and patterns, in comments madéebly participants and methods used in solving the
tasks, from the evaluation session. This process eearied out daily to help speed up the overall
analysis process and also to ensure that the néeidechation that answered the defined objectivies o
the test was collected.

The video and audio recordings of the whole testiagsion were first transcribed directly as it was
recorded into texts and summarized by the reseaioh® a tabular format according to each task.
Some important comments from test participante&mh individual task were also added. Ratings, time
taken for completing the task and tools applied $otving each tasks were also recorded. The
summaries were then further summarized into a rnoreise and short statement. This was done for
easy analysis of test participants’ responses amdidentifying patterns and similarity between
statements made by test participants for each fHsése data were compiled and summarized into
different categories for easy data extraction.dbiranscribed materials, summary tables and etech
tables: see Appendix 13.

5.3.2. Data Analysis

In order to analyze the data, the information fittvea two groups was analyzed separately. The Group 1
represents users with little knowledge of mapsétrieval and visualization of data while the Grdup
consists of users with knowledge of maps for reai@nd visualization of data. From the data codldc
from the two groups of test participants, the dffemess, efficiency and users’ satisfaction of the
prototype were analyzed. Group 1 consists of 3viRite Group 2 consists of 4 test participants. By
analyzing the output of the questionnaire fromefkaluation session, it was observed that althohgh t
majority of the total test participants understaduat statistical data are, only three TPs have itsed
for any work purpose. Based on the output of treuation session, no real differences were observed
in the performances of these two groups.

For the proportional symbol maps, most test pgudicis commented on the ease of retrieving
information from the maps and also commented on hesful it was to identify changes in population
distribution of different regions for different ysaby just looking at the changes in the symbotsiz
TP 6 commented, “It was very easy to see the lagyesving population in the north” and TP 1 also
commented that, “This is good. | can see the largfese immediately”

The interactive choropleth map alone was used twean various questions related to population
density for different regions and different yealth@gh some test participants such as TP 4 anfl TP
combined the interactive choropleth map with midtiptatic maps and tables. Most TPs commented
that “it is possible to see that there are manygha in the North and south region of the couritant
other parts of the country” and others commentedthan possibilities of seeing changes in the
population density over different regions for diffat years. “I am able to see the changes that are
occurring in the population density for varioustpasf the country”.
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The multiple static maps were used by three tasicgaants for questions two and three in combimati
with the choropleth map while the single static mare used by all test participants to solve goest
four. All test participants commented on the edsgetermining the regional differences in populatio
density for two different years. For example, TBommented that “the changes were clear to identify”
and TP 6 commented “I can see differences in tlweywars for different part of the country by loakin
at the map and using the legend”.

Efficiency

In order to determine the overall efficiency of thetotype, all tasks were timed and checked for
correctness. All tasks were given an estimated timBur minutes for completion and with definite
answers, such as the name(s) of the largest stéle iNorthern part of Nigeria can easily be regik
and checked. The evaluation output shows thataaldst were completed successfully and even much
faster than the specified estimated time, which #vasinutes. In order to calculate the efficiencytrod
prototype, the mean time and the numbers of sutdessmpletion of each given task were
determined. Figure 5-1 below shows charts of thne tiaken to complete each task and the number of
TPs that were able to complete each task succhssful

Mean Time for task completion Sucessful completion of tasks
35 4

25
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Figure 5-1: Bar charts showing the efficiency of the@rototype

Effectiveness

As defined earlier, effectiveness is the exterwiich the products behave in the way that users@xp

it to and the ease with which users can use itadomiat they intend. In order to determine the
effectiveness of the prototype, tasks were giveth&ousers to enable them to retrieve and visualize
spatio-temporal statistical data. The tasks (setose5.2.1) included determining regional popuati
changes and distributions over different years. aoeffectively execution of these tasks as obthine
from the requirement analysis testing, users expeaps and these maps should be interactive,
animated and with well defined legends. In the @a@bn session, most users in answering the given
tasks directly navigate to the maps. The TPs cortedenn the ease of determining the regional
changes over different years with the use of mapas commented on the effectiveness of the
interactivity and animation of the maps availabiethe prototype for quick and easy retrieval of the
actual data from which the maps were produced @&mdttdvisualization of the changes. For instance,
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TP 2 commented, “you can see changes in the cobmuthe year's changes and by clicking the map,
you see different data”, while TP 7 commented ttie changes were clear to identify”.

In general, all test participants rated the prgietyas a very effective tool for the dissemination,
retrieval and visualization of spatio-temporal istidal data.

Satisfaction

This refers to the users’ perceptions, feelings$ gpinions of the prototype in performing the reqdi
tasks. In the evaluation session, the users’ satish of the prototype was determined and investig)
using the interview technique. Here, users weredgkedefined questions such as their level of
satisfaction with the methods of retrieval and al&ation as could be obtained with the prototypié.
users were commenting on how satisfied they wetk thie methods available in the prototype. TP 2
commented that “with my knowledge of maps and weklfsir data | have come across, this is the most
user-friendly because what you need you get antirtkg are clear”. Also, TP 5 commented, “it is yer
satisfactory and | can use it for my research orkwmurpose. This is because | can easily get the
information that | need” and still to add, TP 6teth”l am satisfied with the prototype becausehef t
easy navigation on the prototype to the differeethds and the interactivity of the maps”. Althbug
test participant 4 gave comments on how the interfenight still be improved, all users gave
satisfactory comments concerning the prototype eatdd their levels of satisfaction either very
satisfactory or satisfactorJhe satisfactory level of users is shown in Fighi® below.

Overall users' satisfaction rating of prototype

No of test participants

Very Satisfactory Satisfactory Not Satisfactory

Figure 5-2: Bar chart showing test participants’ satisfadbn rating of the prototype.

5.3.3. Results

In the analysis of the prototype evaluation, threehkeywords of usability, i.e. effectiveness,@éfincy
and satisfaction, were investigated. The ovemdlult focused on the efficiency, effectiveness and
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users satisfaction in using the developed protofgpeetrieval and visualization of spatio-temporal
statistical data on NSO websites.

From the results obtained from the analysis, &l participants commented on the easy of navigating
through the prototype interface for retrieval of tieeded information to execute the given tasksast
also observed, from both the comments of test @patints and the execution of the tasks, that most
users found the prototype efficient and effective the retrieval and mostly visualization of spatio
temporal statistical data. All test participantsrevable to navigate easily to the population databa
from the home page and were able to select thessape methods for carrying out the tasks, no
instruction or assistance was required from theaher. Most users were able to complete the given
tasks correctly and within the estimated given tifdased on the interview output, users’ responses
relating to the level of satisfaction were detemdinFrom comments obtained from test participants,
the majority of test participants commented thatytivere very satisfied with using the prototype for
the retrieval and visualization of spatio-tempatatistical data on NSO websites.

5.4. Conclusion

In summary, it is very obvious that the three kesdgoi.e. effectiveness, efficiency and satisfattmf

a user centered design are met by the prototypéhéodissemination, retrieval and visualization of
temporal statistical data from the users’ perspectiOverall users’ needs relating to dissemination
retrieval and visualization of spatio-temporal istidal data on NSO website were met by the
developed prototype.
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0. Conclusions and Recommendations

6.1. Conclusions

For every user centered design, the product (cofyme) must be effective, efficient and satisfagto
from the users’ point of view. The main objectiiehus research was to contribute to the improvemen
of the dissemination, retrieval and visualizatiohspatio-temporal statistical data through national
statistical websites from the users’ perspectiangi the Nigerian NSO website as a case study. In
order to achieve this objective, the different noelth of retrieval and visualization currently avhita

on existing NSO websites were investigated thraygttating the data on the NSO switchboard. Then,
by selecting two NSO websites, including the NigeriNSO website, a user requirement analysis
testing was conducted, and an improved prototygedeaigned and evaluated.

Based on the requirement analysis testing, thectdfemess, efficiency and users satisfaction of the
different retrieval and visualization methods aablé on existing NSO websites were investigated,
using Nigerian and Swedish NSO websites as casléesturhe ease of retrieving data from these case
studies was investigated. From the interfaces efstilected NSO websites, it was observed that users
were not easily able to locate the required ddthgagh the Swedish NSO website interface proved to
be more user-friendly than the Nigerian NSO websitterface. Secondly, the retrieval and
visualization of spatio-temporal statistical datergvalso investigated. The results showed thatnibajo

of the test participants were not able to retriiveedata required for carrying out the given tasksily

and without instructions from the researcher. Thethwds of visualization available on the websites,
such as tables, multiple and single static mapswet easily understood by TPs based on poor
cartographic variables and complex legends used¢henmaps. Thirdly, it was difficult for test
participants to compare two maps of different ydassed on the inability of opening the multiple
windows view on the Swedish NSO website. From #wallts, it was observed that users found the use
of interactive and animated maps very useful foriereal and visualization of data along with single
and multiple static maps. Also, tables were recondad for storage and retrieval of data for analysis
but not for visualization purposes.

Taken all the above information into consideratiamrototype was developed and through evaluation,
the efficiency, effectiveness and users’ satisfeciof the prototype was determined. The prototype
included tables and maps and the maps were diuwdedwo categories (based on subject represented):
the absolute population map (animated proportisgadbol map) and the population density maps. In
terms of methods of dissemination, the prototy® ahcluded tables, a single static map, multiple
static maps, an interactive choropleth map and ramaed map. The maps were developed using
proper cartographic variables and well defined heige Also, a more user-friendly interface was built
taken into consideration the definitions of theadstored and simple retrieval methods.

The output of the prototype was a great improveneithe current methods in which spatio-temporal
statistical data are currently being disseminatedhe Nigerian NSO website. On the Nigerian NSO
website, data are disseminated and retrieved onthé form of a PDF document and these data can
only be visualized through charts in a static fo@urrently, no map is offered on the website for
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retrieval and visualization of either statisticalspatio-temporal statistical data and users dchawée

the opportunity of selecting their preferred methéal executing their tasks on the NSO website. The
prototype offers the users different types of m@gpsmated, interactive and static) for execution of
different types of tasks depending on the data edethe users have the option of selecting thesyear
required and also the possibility of retrieving @mtual figure in which the map was produced from.
The prototype also allows the users the opportusitgownloading the data in an excel format for
further analysis if required by the users. In th&qtype, unlike the existing multiple static maglsich

was found on the Swedish NSO website, the interfdeeultiple static maps was designed to allow for
upload of two maps of two different years, such thath maps are placed side by side. This was done
to enhance the easy of comparing of two maps ofdifferent years. This interface proved to be very
effective for retrieval and visualization of two ments in time. An animated proportional symbol map
was developed to disseminate the absolute popolata. This map was made both animated and
interactive. The map allow users to retrieve dataimply clicking on the proportional symbol, while
the differences in the symbol sizes give the regglirisual information on the distribution of theaip-
temporal statistical data. Another map that cariooed in the prototype is the interactive chordplet
map. This map was used to disseminate informagating to the population density distribution. The
variation of colours shows the differences in pagioh density of different regions for differentays,
while by clicking on the map it is possible to rete the actual population data. The simplicitythu#
interface and maps made it possible for users, aith without knowledge of maps, to easily retrieve
and visualize spatio-temporal statistical data ftheprototype.

In conclusion, the main objective of this reseamwhijch was to improve methods of dissemination,
retrieval and visualization of spatio-temporal istital data on NSO websites, was achieved through
the developed prototype and based on the evalydtierprototype was found to be effective, effitien
and meets users’ satisfaction.

6.2. Recommendations

Based on the result obtained from the requiremealyais, a conceptual design was designed, which
included the data to be stored in a database.Wémsto allow the users the possibility of selectimg
different years for which they wish to investigatdowever, because of time constraints, in this
research the spatio-temporal statistical data wemeed using a simple XML file and this format does
not allow querying. As an improvement to this ptgpe, it is recommended that a database is
developed for storing the attribute, temporal aadmgetry data for each state or province. This would
allow for the possibility of querying for specifiocations and time without getting the whole countr
map, when necessary. This will also allow for asyagpdate of data. Also, more functionality, sush a
simple querying possibilities and an option foreséihg the required years should be added to the
prototype, while at the same time keeping the fater as simple as possible.

Although animated proportional symbol and chordpletaps were developed in this research, for
further research, it is suggested that differeritnations should be developed and combined for the
retrieval and visualization of spatio-temporal istidal data on NSO websites from the users’
perspective and these animations should be evdluati|eg usability techniques. The recommended
research would be to determine how users respouliffayent animations used in the dissemination,
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retrieval and visualization of spatio-temporal istatal data through NSO websites. This research
would also help to determine the most effective efiitient animation or combination of animations
for the dissemination, retrieval and visualizatadrspatio-temporal statistical data.

81



Bibliography

Andrienko, G., & Andrienko, N. (1999). Interactiweaps for visual data exploration. int ,j,
geographical information science, 13(4), 355-374.

Andrienko, G., Andrienko, N., & Gatalsky, P. (200Bxploratory spatio-temporal visualization: an
analytical review. Journal of visual Languages @odhputing, 14, 503-541.

Babu Shrinivasan, Y. (2005). Visualisation of spaémporal patterns in public transport data. ITC,
Enschede.

Barnum, C. M. (2002). Usability testing and resbaitew York: Longman.

Bertin. (1983). Semiology of Graphics In: Kraak, &hd F. Ormeling (2003). Cartography:
visualization of geospatial data (pp. 102): Addid@asley Longman Ltd.

Bhowmick, T., Robinson, A., Gruver, A., MacEachrén, & Lengerich, E. (2008). Distributed
usability evaluation of the Pennsylvania Canceagtlnternational Journal of Health
Geographics, 7(1), 36.

Blok, C. A., Zhang, Q., & Tang, X. (2008). Animategpresentation of uncertainty and fuzziness in
Dutch spatial planning maps. In: ISPRS 2008 : Rrdiogys of the XXI congress : Silk road for
information from imagery : the International Sogiétr Photogrammetry and Remote Sensing,
3-11 July, Beijing, China. Comm. Il, ThS6. BeijintSPRS, 2008. pp. 1043-1048.

Dodge, M., McDerby, M., & Turner, M. (2008). Geopghéc Visualization: Concepts, Tools and
Applications, chapter "The Power of Geographicalldlizations. 1-10.

Dransch, D. (1995). Temporale und nontemporale epenganimation Kartographie. Selbstverlag
Fachbereich Geowissenschaften, Freie UniversitdirB&erlin.

Dumas, J. S., & Redish, J. C. (1999). A practicatlg to usability testing. Portland: intellect.

Edsall, R. M., Harrower, M., & L.Mennis, J. (2000)ols for visualizing properties of spatial and
temporal periodicity in geographic data. Computat &eoscience, 26, 109-118.

Elzakker, C. V. (2009). Use,Users and Usability.

Goldsberry, K., & Battersby, S. (2009). Issues b&fige Detection in Animated Choropleth Maps.
cartographica, 44(3), 201-215.

Griffin, A. L., MacEachren, A. M., Frank, H., Stein E., & Bonan, L. (2006). A Comparison of
Animated Maps with Static Small-Multiple Maps foisdally Identifying Space-Time Clusters.
Annals of the Association of American Geograph@6¢4), 740-753.

Harrower, M. (2004). A look at the history and frgwf animated maps. Cartographica, 39(3), 33-32.

Harrower, M. (2008). The Role of Map Anmimation Faeographic Visualization Geographic
Visualization: John Wiley and Sons Ltd.

Hertzum, M. (1998). A Review of Museum Web SitesSkarch of User-Centred Design. Archives and
Museum Informatics:Cultural Heritage Informaticsa@uerly, 12(2), 127-138.

ISO 9241-11. (1997). Ergonomic Requirements foiceffvorks with visual display Terminals(VDTS)-
Part 1: General Introduction. International Orgatien for
Standardisation,Geneva,Switzerland.

Jeong, S., Liang, Y., & Liang, X. (2006). Designaof integrated data retrieval,analysis, and
visualization system: Application inhydrlogy domakimvironmental Modelling & Software,
21, 1722-1740.

Kobben, B. (2001). Publishing maps on the WebWb Cartography : developments and prospects /
M.J. Kraak and A. Brown (eds.) London etc. : Taydad Francis, 2001. ISBN 0-7484-0868-1.
Chapter 6.

Kraak, M., & Brown, A. (2001). Web cartography: ééaspments and prospects: Taylor & Francis.

Kraak, M., & Ormeling, F. (2003). Cartography: \@dization of geospatial data: Addison-Wesley
Longman Ltd.

Kraak, M. (2006). Why maps matter in GlSciencee Thrtographic journal, 43(1).

Lamsweerde, A. V. (2000). Requirement Engineenmtipé year 00:A research Perspective. ACM
computing surveys(1-58113), 1-6.

82



MacEachren, A. M., Boscoe, F. P., Haug, D., & Rickl. W. (1998). Geographic visualization:
Designing manipulable maps for exploring temporafyying georeferenced statistics. In
Proceedings IEEE Information Visualization SympagiNorth Carolina,USA, 87-94.

Marchionini, G. (2002). Co-evolution of user angamizational interfaces: A longitudinal case study
of WWW dissemination of national statistics. Jolimfahe American Society for Information
Science and Technology, 53(14), 1192-1209.

Mitchell, P. P. (2007). step by step guide to uggkiesting. New York: Universe.

Nielsen, J. (1994). Usability inspection methodspét presented at the Conference companion on
Human factors in computing systems.

Nivala, A., Brewster, S., & Sarjakoski, L. (2008)sability Evaluation of Web Mapping Sites.
cartographic journal, 45(2), 129.

Nivala, A. , Brewster, S., & Sarjakoski, L. T. (B)OUsability Evaluation of Web Mapping Sites.
cartographic journal, 45(2), 129.

Ogao, P. J., & Kraak, M. (2002). Defining visualion operations for temporal cartographic aninmatio
design. International journal of Applied Earth Qg&gion and Geoinformation, 4, 23-31.

Peuquet, D. J. (1994). It's about time:a concepgtaatework for the representation of temporal
dynamics in geographic information systems. Anoélhe Association of American
Geographers, 84(3), 441-461.

Rae, A. (2009). From spatial interaction data tatigp interaction information? Geovisualisation and
spatial structures of migration from the 2001 UKisies. Computers, Environment and Urban
Systems, 33(3), 161-178.

Redido-Cusi, D. (2002). Disseminating Philippin@sigs data through the web. ITC, Enschede.

Rubin, J., & Chisnell, D. (2008). Handbook of usidptesting : how to plan, design, and conduct
effective tests. Chichester: Wiley & Sons.

Scholtz, J. (2004). Usability Evaluation.

Van Elzakker, C., de Graaf, P. J., & Beeckman,.2.J2007). Testing the use of web maps in the
retrieval and dissemination of regional statistitata. In: Proceedings of the ICA commission
on Maps and the internet, Warsaw, Poland, 31 J2ljugust, 2007. Warsaw : University of
Warsaw, 2007. pp. 25-31.

Van Elzakker, C., Delikostidis, 1., & van Oosteroi,(2008). Field-Based Usability Evaluation
Methodology for Mobile Geo-Applications. cartogrépjournal, 45(2), 139.

Van Elzakker, C., Ormeling, F. J., Kobben, B. JC8si, D. R. (2003). Dissemination of census and
other statistical data through web maps. In: Mapkthe internet / ed. by M.P. Peterson.
Amsterdam : Elsevier, 2003. ISBN 0-08-044201-35¥375.

Van Elzakker, C., & Wealands, K. (2007). Use anersi®f multimedia cartography. In: Multimedia
cartography. / ed. by W. Cartwright, M. Petersod @& Gartner. Second edition. Berlin :
Springer, 2007. ISBN: 3-540-36650-4. pp. 487-504.

Voss, H., Andrienko, N., Andrienko, G., & Gatalsi®, (2000). Web-based Spatio-Temporal
Presentation and Analysis of Thematic Maps'. Ciies Regions (Forthcoming Nov. 2000).

83



URLS

URL1. Retrieved 12 August, 2009, from http://wiiteznl/personal/kraak/1812/minard-orignal.htm

URL2. Retrieved 13 August, 2009, from
<http://www.bfs.admin.ch/bfs/portal/en/index/regimithematische_karten/maps/bevoelkerung
/bevoelkerungsstand/0O/bevoelkerungsstand.html>

URL3. ITC kartoweb/nso Retrieved 16 September92@@m http://kartoweb.itc.nl/nso/

URL4. UN Statistic Division. Retrieved 160 Sapteer, 2009, from
<http://unstats.un.org/unsd/methods/inter-natlisttshatstat.asp>.

URL5. U.S Census Bureau Retrieved 16 Septembég,Zrom
<http://www.census.gov/aboutus/stat_int.html>

URL6. EDIRC of the University of Connecticut Retred 16 September, 2009, from
http://edirc.repec.org/statoff.html

URL7. Statistic Norway Retrieved 16 Septembef®0rom http://www.ssb.no/en/links/

URL8. Czech Republic NSO. Retrieved 8 Octob86® from http://www.czso.cz/

URL9. Iceland NSO. Retrieved 8 October, 2008nThttp://www.hagstofa.is/

URL10. Australia NSO. Retrieved 8 October, 208&mn http://www.abs.gov.au/

URL11. Andorra NSO. Retrieved 8 October, 2008t
http://www.estadistica.ad/serveiestudis/web/indgx.a

URL13. Bangladesh NSO. Retrieved 8 October, 2608 http://www.bbs.gov.bd/

URL14. Chile NSO. Retrieved 8 October, 2009, from
http://www.ine.cl/canales/chile_estadistico/home.ph

URL15. Brazil NSO. Retrieved 8 October, 2009nirbttp://www.ibge.gov.br/home/

URL16. Nigerian statistical office. Retrieved 8 dary, 2010, from <http://www.nigerianstat.gov.ng/>

URL17. Sweden Statistical office. Retrieved 8 dagu2010, from
<http://www.scb.se/default_2154.aspx>

URL18. Usabilitynet.org. Retrieved 15 Decemb@®Q2, from http://www.usabilitynet.org/home.htm

URL19. Wikipedia. Retrieved 8 January, 2010, fratpWen.wikipedia.org/wiki/Animation

URL20. Canada NSO. Retrieved 8 October, 2009y tnttp://www.statcan.gc.ca/

Usability.gov. (2009). step-by-step Usability Guiflem http://www.usability.gov/

84



Appendix 1

Countries NSO WEBSITES URLS

Afghanistan www.aims.org.af/cso

Aland http://www.asub.ax/

Albania http://www.instat.gov.al/

Algeria http://www.ons.dz/

Andorra http://www.estadistica.ad/serveiestudisivelex.asp
Antigua and Barbuda http://www.ab.gov.ag/gov_v2&goment/statsandreports/index.html
Anguilla http://www.gov.ai/statistics/

Argentina http://www.indec.mecon.ar/

Armenia http://www.armstat.am/en/

Aruba http://www.aruba.com/

Australia http://www.abs.gov.au/

Austria http://www.statistik.at/web_en/

Azerbaijan http://www.azstat.org/indexen.php

Azores Islands

Bahamas http://statistics.bahamas.gov.bs/

Bahrain www.inec.gob.ni

Bangladesh http://www.bbs.gov.bd/

Barbados http://www.barstats.gov.bb/

Belarus http://www.belstat.gov.by/homep/en/mainlhtm
Belgium http://statbel.fgov.be/

Belize http://www.statisticsbelize.org.bz/dms20uaiNMasp
Benin http://www.insae-bj.org/

http://www.seaexpress.bm/portal/server.pt?open=5bP&=227&

Bermuda mode=2&in_hi_userid=2&cached=true

Bhutan http://www.nsb.gov.bt/index.jsp

Bolivia http://www.ine.gov.bo/default.aspx

Bosnia and Herzegovina

Botswana

Brazil

Brunei Darussalam

Bulgaria

Burkina Faso
Burundi

Cambodia

Cameroun

Canada

Cape Verde

Central African Repubic

Chad

http://www.bhas.ba/new/
http://www.cso.gov.bw/
http://www.ibge.gov.br/english/default.plqub_populacao
http://www.jpm.gov.bn/
http://www.nsi.bg/
http://mww.insd.bf/
http://burundistats.org/
http://www.nis.gov.kh/
http://www.statistics-cameroon.org/
http://www.statcan.gc.ca/
http://www.ine.cv/
http://www.stat-centrafregcom/
http://www.inseed-tchad.org/
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Chile http://www.ine.cl/canales/chile_estadistiomhe.php
China http://www.stats.gov.cn/english/index.htm
Colombia http://www.dane.gov.co/

Congo http://www.cnsee.org/index.htm

Cook Island http://www.stats.gov.ck/

Costa Rica http://www.inec.go.cr/

Cote d'lvoire http://www.ins.ci/

Croatia http://www.dzs.hr/

Cuba http://www.one.cu/

Cyprus http://www.mof.gov.cy/mof/cystat/statistitsf/index_en/index_en?OpenDocument
Czech Republic http://www.census.gov/aboutus/stahtml
Denmark http://www.dst.dk/HomeUK.aspx

Djibouti http://www.ministere-finances.dj/

Dominican Republic http://www.one.gob.do/

Ecuador http://www.inec.gov.ec/web/guest/inicio

Egypt http://www.capmas.gov.eg/

El Salvador http://www.minec.gob.sv/

Equatorial Guinea http://www.dgecnstat-ge.org/

Estonia http://www.stat.ee/censuses

Ethiopia http://www.csa.gov.et/

Faroe Islands http://www.hagstova.fo/portal/pagefdtHAGSTOVAN/Hagstova_Foroya
Fiji http://www.statsfiji.gov.fj/

Finland http://www.stat.fi/index_en.html

France http://www.ined.fr/enfhomepage_of_ined_wtebs
French Polynesia http://www.ispf.pf/ISPF/Home.aspx

Gabon

Gambia http://www.gambia.gm/Statistics/index.htm
Georgia http://www.statistics.ge/

Germany http://www.destatis.de/jetspeed/portal/cms
Ghana http://www.statsghana.gov.gh/

Gibraltar http://www.gibraltar.gov.gi/

Greece http://www.statistics.gr/portal/page/poESIY E
Greenland http://www.stat.gl/

Guam http://www.spc.int/prism/country/gu/stats/
Guatemala http://www.ine.gob.gt/

Guernsey http://www.gov.gg/ccm/navigation/governtifants---figures/
Guinea http://www.stat-guinee.org/

Guinea-Bissau http://www.stat-guinebissau.com/

Honduras http://www.ine-hn.org/

Hong Kong http://www.info.gov.hk/censtatd/

Hungary http://portal.ksh.hu/portal/page?_page8)£B9919& dad=portal& schema=PORTAL
Iceland http://www.statice.is/

India http://www.censusindia.net/
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Indonesia http://www.bps.go.id/

Iran http://www.sci.org.ir/portal/faces/public/sen

Ireland http://www.cso.ie/

Isle of Man http://www.gov.im/treasury/economic/sas/welcome.xml
Israel http://www1.cbs.gov.il/reader/cw_usr_viewlder?ID=141
Italy http://www.istat.it/english/

Jamaica http://statinja.gov.jm/

Japan http://www.stat.go.jp/english/index.htm

Jersey http://www.gov.je/ChiefMinister/Statistics/

Jordan http://www.dos.gov.jo/dos_home_a/main/inkex.
Kazakhstan http://www.stat.kz/Pages/default.aspx

Kenya http://www.cbs.go.ke/

Kiribati http://www.spc.int/prism/Country/Kl|/Stats/

Korea http://kostat.go.kr/nso_main/nsoMainActiorPaethod=main&catgrp=ns02009
Kuwait

Kyrgyzstan http://www.stat.kg/

Latvia http://www.csb.Iv/avidus.cfm

Lebanon http://www.cas.gov.Ib/

Lesotho http://www.bos.gov.Is/

Lebanon http://www.cas.gov.Ib/

Liechtenstein http://mww.lIv.li/amtstellen/amt_fusolkswirtschaft/lliv-avw-home.htm
Lithuania http://www.stat.gov.lt/en/?PHPSESSID=ti2519a8d80213e922867f2c0fda69
Luxembourg http://www.statec.public.lu/fr/indextit

Macau http://www.dsec.gov.mo/default.aspx

Macedonia http://www.stat.gov.mk/english/glavna_.aespg
Madagascar http://www.instat.mg/

Madeira

Malawi http://www.nso.malawi.net/

Malaysia http://www.statistics.gov.my/eng/

Maldives http://planning.gov.mv/en/

Mali www.dnsi.gov.ml;

Malta http://www.nso.gov.mt/site/page.aspx

Marshall Islands http://www.spc.int/prism/countryifstats/Index.htm
Mauritania http://www.ons.mr/

Mauritius http://www.gov.mu/portal/site/cso/

Mexico http://www.inegi.org.mx/inegi/default.aspx

Micronesia http://www.spc.int/prism/country/fm/stat

Moldova http://www.statistica.md/?lang=en

Monaco http://www.gouv.mc/devwww/wwwnew.nsf/HomeGhb
Mongolia http://www.nso.mn/v3/index.php#

Morocco http://www.hcp.ma/

Mozambique http://www.ine.gov.mz/Ingles

Myanmar

www.myanmar.com/Ministry/immé&popu/populatidefault.htm
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Namibia http://www.npc.gov.na/cbs/index.htm

Nauru http://www.spc.int/prism/country/nr/stats/

Nepal http://www.cbs.gov.np/

Netherlands http://www.cbs.nl/en-GB/menu/home/di:fiatm

Netherlands Antilles http://www.cbs.an/

New Caledonia

New Zealand

Nicaragua

http://www.isee.nc/
http://www.stats.govt.nz/
www.inec.gob.ni

Niger

Nigeria

Niue

Norfolk Island

http://www.stat-niger.org/

http://www.nigerianstat.gov.ng/
http://www.spc.int/prism/Country/NU/stats/

http://www.norfolk.gov.nf/

Northern Ireland

Norway

Oman

Pakistan

http://www.ssb.no/english/

http://www.mone.gov.om/index.asp

http://www.statpak.gov.pk/

Palestinian Authority

http://pcbs.gov.ps/

Panama

Papua New Guinea

http://www.contraloria.gob.pa/
http://www.spc.int/prism/countgyjgpats/

Paraguay http://www.dgeec.gov.py/

Peru http://www.inei.gob.pe/

Philippines http://www.census.gov.ph/

Poland http://www.stat.gov.pl/gus/index ENG_HTMIlrht
Portugal http://www.ine.pt/xportal/xmain?xpid=INEggid=ine_main
Qatar http://www.qgsa.gov.ga/eng/

Romania http://www.insse.ro/cms/rw/pages/indexgo.d

Russia http://www.gks.ru/eng/

Rwanda http://www.statistics.gov.rw/

Saint Lucia http://www.stats.gov.lc/

Samoa http://www.spc.int/prism/Country/WS/stats/

Sao Tome and Principe http://www.ine.st/

Saudi Arabia http://www.cdsi.gov.sa/showsectionx@bd=26&id=162
Scotland NEW website: www.gro-scotland.gov.uk/stats/census/censushm/index.html
Senegal http://www.ansd.sn/

Serbia and Montenegro http://webrzs.statserb.siygtaxd/en/index.php
Seychelles http://www.nsb.gov.sc/

Sierra Leone http://www.statistics.sl/

Singapore http://www.singstat.gov.sg/

Slovakia http://portal.statistics.sk/showdoc.do?de859
Slovenia http://www.stat.si/eng/index.asp

Solomon Islands http://www.spc.int/prism/countryssats/

South Africa http://www.statssa.gov.za/

South Korea
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Spain

Sri Lanka

Sudan

Suriname

Swaziland

Sweden

Switzerland

Tadjikistan

Taiwan

United Republic of
Tanzania

Thailand

Tokelau

Togo

Tonga

Trinidad and Tobago

Tunisia

Turkey

Tuvalu

Uganda

Ukraine

United Arab Emirates

United Kingdom

United States of America

http://www.ine.es/welcoing.htm
http://www.statistics.gov.lk/
http://cbs.gov.sd/
http://www.statistics-suriname.org/
http://www.gov.sz/
http://www.scb.se/default_ 2154.aspx
http://www.bfs.admin.ch/bfs/portalfexex.html

http://www.stat.tj/english/home.htm
http://eng.dgbas.gov.tw/mp.asp?mp=2

http://www.tanzania.go.tz/statistics. ht#
http://web.nso.go.th/eng/
http://www.spc.int/prism/country/tk/stats/

http://www.spc.int/prism/Country/TO/stats/
http://www.cso.gov.tt/
http://www.ins.nat.tn/indexen.php
http://www.turkstat.gov.tr/Start.do
http://www.spc.int/prism/country/tv/stats/
http://www.ubos.org/
http://www.ukrstat.gov.ua/
http://www.economy.ae/Engisges/default.aspx
http://www.statistics.gov.uk/huldax.html
http://www.census.gov/

Uruguay http://www.ine.gub.uy/#

Uzbekistan http://www.stat.uz/STAT/index.php?Ing=1
Vanuatu http://www.governmentofvanuatu.gov.vu/
Venezuela http://www.ine.gov.ve/

Vietnam http://www.gso.gov.vn/default_en.aspx?taidiil
Wallis and Futuna www.wallis.co.nc/stats

Yemen http://www.cso-yemen.org/index.php?Ing=ehdlis
Zambia http://www.zamstats.gov.zm/

Zimbabwe www.zamstats.gov.zm
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Appendix 2

Introductory Note for the Requirement Analysis tesing session

Welcome

| would like to thank you for taking out time indar to help with this Usability testing sessionisTh
testing session is a part of my MSc. Research prog6o | really appreciate your coming and thank
you so much in advance for your contribution.

Aim

The research topic is: The retrieval and Disseronabf spatio-temporal statistical data through
National Statistical websites. The aim of this egsh is to analyze the users’ need concerning the
dissemination and retrieval of spatio-temporalistiaal data on National statistical offices websit
Spatio-temporal statistical data are data for diffié geographic locations such as provinces,
municipalities or states and for different momentiine, such as different years.

Purpose
This is to evaluate the current ways in which terapdata are being disseminated on these websites

and how users are able to retrieve them for their personal uses and to determine how better these
data can be disseminated from users’ perspectives.

About the technique

The techniques use for this research is called'ttiek aloud, questionnaire and interview techniques
This will involve you as a test participant to lbme questionnaires before and after the testisgjan
along with answering some questions for the questoes and interview, while the think aloud
technique requires you to carry out some speaB&s and most importantly, say out loud your though
about the tasks you are executing, the proceddiffisulties, comments and what comes to your mind
through the process of carrying out these taBkis can not be over emphasizedlhe whole process
of the testing will be recorded both audio and eidewill also like to encourage you to relax andtj

try to complete the task just as you would normdlthyin your room or cluster. Once again, thank you
for taking time out to participate in this testisgssion.

Briefly, show the instruments in the usability |adtory.
Instructions for the test session

1. Please fill the first questionnaire while | opee tiwvo websites.

2. Please go through the Sheetl and sheet2 befotiagtdne tasks given.

3. The task involves working with two different welesit the Swedish website and the Nigerian
website.

Carry out of the task

If task cannot be executed, the navigation insioacto the data page of each website is given
to carry out the tasks.

6. Estimated time is for Swedish task is 25 minutes e Nigerian task is 15minutes, please be
time conscious.

Please, fill the second questionnaire after thie (&5 mins).

8. The estimated time for the test is 60 minutes.

o s

~
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Appendix 3

General Questionnaire for requirement analysisilisaf@esting

. What country are you from?

. Are you currently a student of ITC or Graduatére?

. What course are you studying or did you studif {©?

. What is the highest level of degree you curyeptissess?

. In what field of specialization?

. Have you ever worked in a statistical organcratefore?

. If Yes, please explain where and in what capacit

. Have you ever worked with statistical data?

. If Yes, for what purpose?

10. Did you use software for work done in ques86n

11. If Yes, what type of software?

12. Have you ever produced map display from data?

13. If Yes, what software was used?

14. Did you ever retrieve, explore, analyze, arsdialize statistical data through statistical orgatidn
website?

15. If yes, for what purpose?

16. How would you rate your expertise in usingititernet for work purpose?

17. Have you ever worked with Nigerian or Swedisttibhal statistical websites before?
18. If Yes, for what purpose?

19. As a user, what would you like to do with spdaémporal statistical data if they would be
available?

20. How would you like these data to be made abkglan the National Statistical websites?

OCOoO~NOOOP,WNE

Questionnaire for interview session of the requastranalysis usability testing

1. How useful are Tables for analyzing trends drahges that occur in spatio-temporal statisticed2la

2. How useful are Charts for analyzing trends amahges that occur in spatio-temporal statisticed 2la

3. How useful are Single static trend maps for yzaf trends and changes that occur in spatio-
temporal statistical data?

4. How useful are Multiple static maps for analgzinends and changes that occur in spatio-temporal
statistical data?

5. How useful are Interactive maps for analyzirentts and changes that occur in spatio-temporal
statistical data?

6. How useful are animated maps for visualizingidiee and changes that occur in spatio-temporal
statistical data?

7. Were the given methods on the Swedish NSO websifficient for completing the tasks at the given
time limit?

8. If No, Why?

9. Were the given methods on the Nigerian NSO welssifficient for completing the tasks at the given
time limit?

10. If No, Why?

11. What is your overall impression of dissemimatietrieval and visualization of temporal statiati
data on the two websites?
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Appendix 4

Researcher’s Scenarios

The test Scenario for the Requirement analysis test

1.
2.

oo

7.

8.

9.

| will welcome the test participant and show thém équipment used.
Explain the aim of the test:
» | will tell the test participant that the test iarpof my research.
« | will tell the participant the aim of the testts determine the users’ need concerning
the retrieval and dissemination of temporal data.
I will ex plain that all information is confidentia
| will briefly explain what the technique use iscaib and ask them to say their thoughts out
loud and what they are doing.
« | will tell the test participant that the think aléis about.
« | will explain and ask the test participants to Hagir thoughts out loud while doing the
tasks.
| will time the test.
I will give the test participant the first questi@ire to fill, while |1 open the Nigeria and
Swedish websites.
I will give the task to the test participant angdegthem 5 minutes to read and understand the
task and if they have any questions, answer theem, twill leave them to the task.
I will ask the test participant to work on the Svebdwebsite first. (15 mins)
| will ask the test participant to work on the Nigewebsite second. (15 mins)

10. I will then fill the second questionnaire with thexter the test. (15 mins)
11. | estimate 45 minutes per test.

Instructions to retrieve data from Swedish websites

Scenarios for Swedish website:
Instructions to retrieve data on Swedish website
Please, navigate to the statistical database by:

On the menu bar, clickinding statistics

Click Statistics by subject areaglick population, under Population (Population composition),
click population statisticsand under last published, clitiébles and graphs.

Click: Make your own tables in the statistical database

Click on “Population by region, marital status, @gel sex. Year 1968-2008"

Retrieve the data fggopulation by county, marital status, age and sexear 1968-2008y
clicking on it.

Instructions to retrieve maps on Swedish website
From the home page, type SCB map in the search link
Click on SCB maps

Click on “maps, by subject area”

Click “population change”

SWEDISH WEBSITE
Please, carryout the following tasks
Scenario
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1 Suppose you want to have an overview of where pesple live in Sweden, by province or
county distribution in 2 different years. Is it gdde to find the population data for Sweden for
year 2002-2008 from the Swedish website?

1b Task rating: Please rate the ease of carpimghe task 1a above:
1 2 3 4 5 6 78 9 10
Very Difficult Very Easy

2 How are these data, from taskla above, currendggmed on the Swedish website? (Please
tick the options below):

Tables

Charts

Multiple static maps
Single static map
Interactive map
Animated map

3 Is it possible to see the trend or change in tls&ridution of population in Sweden in 2002
compared to 2008 in the methods of retrieval onitbbsite?

3b Task rating: Please rate the ease ofingrout the task 3a above:
1 2 3 4 5 6 78 9 10
Very Difficult Very Easy

4 Describe the possibility of visualizing populatidistribution change of two different years on
the single static trend maps given.

4b Task rating: Please rate the ease of caroibghe task 4a above:
1 2 3 4 5 6 78 9 10
Very Difficult Very Easy

5 Describe the possibility of visualizing populatidistribution change of two different years on
the multiple static maps given.

5b Task rating: Please rate the ease of carpumghe task 5a above:
1 2 3 4 5 6 78 9 10
Very Difficult Very Easy

6 Describe the possibility of visualizing populatidistribution change of two different years
using the interactive maps given.

6b Task rating: Please rate the ease of carpubghe task 6a above:
1 2 3 4 5 6 78 9 10
Very Difficult Very Easy
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7 From the Canadian animated map shown to you byebearcher, describe the possibility of
visualizing population distribution change on timénaated maps.

7b Task rating: Please rate the ease of carnumnghe task 7a above:
1 2 3 4 5 6 78 9 10
Very Difficult Very Easy

Instructions to retrieve data from Nigerian Website
Scenarios for Nigerian website:
Please, navigate to the statistical database by:
* From the home page, under latest release, Wicknen & Men in Nigeria
» Click openand extract data on the desktop.
* From the folder W-M in Nigeria, using the PDF do@&nts inside
» Carryout the following tasks on sheet 2.

NIGERIAN WEBSITE
Please, carryout the following tasks.
Scenario

1 Suppose you want to have an overview of where mpestple live in Nigeria, by state
distribution in 2 different years. Is it possibte find the population data for Nigeria for year
1991-2006 from the website?

1b Task rating: Please rate the ease of carpuibghe task you just completed:
1 2 3 4 5 6 78 9 10
Very Difficult Very Easy

2 How are these data, from taskla above, curreniggmted on the website of the National
Bureau of statistics of Nigeria? (Please tick thgams below):

Tables

Charts

Multiple static maps
Single static map
Interactive map
Animated map

3 Is it possible to see the trend or change in tis¢ridution of population in Nigeria in 2006
compared to 1991 in the methods of retrieval onitebsite?

3b Task rating: Please rate the ease of carryibtheuask you just completed.
1 2 3 4 5 6 7 89 10
Very Difficult Very Easy
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General task
Looking at the multiple static maps, single statiap, interactive map, animated map, chart and table
available on the websites:

« Describe your impression on the method(s) use fssethination of statistical data on the
Nigerian statistical website?

« Which of these methods would you like to have omedosite for dissemination, retrieval and
visualization of spatio-temporal statistical dapd@@seX your options)

Method Must Could be | Not
have nice Needed

Tables

Charts

Single static maps

Multiple static

maps

Interactive maps

Animated maps

Must have: Definitely needed
Could be nice Nice to have but not compulsory
Not Useful Definitely not needed

Link for Nigerian NSO website
http://www.nigerianstat.gov.ng

Link for Swedish NSO website
(http://www.scb.se/default 2154.aspx)

Links for the maps display
Link for multiple view display:
http://www.h.scb.se/scb/bor/scbboju/bj_htm_en/lj_semn.asp#Population

Link for viewing the animated map display:
http://geodepot.statcan.ca/Diss/Highlights/PageBhatedMap_e.cfm
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Appendix 5

General task
Looking at the multiple static maps, single stattiap, interactive map, animated map, chart and table
available on the websites:

» Describe your impression on the method(s) use fesethination of statistical data on the
Nigerian statistical website?

* Which of these methods would you like to have omedsite for dissemination, retrieval and
visualization of spatio-temporal statistical dapd€4seX your options)

Method Must Could be | Not
have nice Needed

Tables

Charts

Single static maps

Multiple static

maps

Interactive maps

Animated maps

Must have: Definitely needed
Could be nice Nice to have but not compulsory
Not Useful Definitely not needed
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Appendix 7

Result of my analysis

Interface

The chart below shows the combination of the ougiiuhe result of the users for the interface
of the Swedish and Nigerian websites. Looking at ¢hart, it is obvious that majority of the
test participants found the dissemination of dfiais data on the Nigerian website more
difficult than on the Swedish websites.

Interface
VEryY ERSY
easy
| rli i bsit
no dificult/no easy m Migerian website
m swedish website
difficult
wEry difficult
T T T
o 1 2 3 4 5 6

Number of test participants

Figure 1:

For the database, there is a clear distinctionhan grocess of retrieval of data from both
websites. The Swedish websites provides an interfac retrieval of data from the website,

while the data are disseminated using a PDF doctamdowever, it is interesting to know that

although all the test participants were not sasfivith this format of retrieval of data on the

Nigerian website, they still rated it more satisbmg than the Swedish website. This is due to
the fact that users are more familiar with dataten PDF format than the Swedish method of

data retrieval.
' Database

o L
EE5Y

no dificulting easy

| Nigerian website
m swedish website

difficult

wERy difficult

0 1 2 3 4 g &

Number of test participants
Figure 2:
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TABLES
Tables are the most common method of disseminatérieval and visualization used by all
NSO websites for dissemination of data. From thgpuuof the results obtained from the
testing session, majority of the test participeotend the tables on the Nigerian website less
effective than that of the Swedish website. This wae to the retrieval methods used by both
websites. For the Swedish website, it was posdimeest participants to retrieve just the
required tables, while on the Nigerian website, pasticipants could not interact with the data.

Tables

WERy EAsy _

EFsy

7 m Migerian website

no dificultsnog eas _
! .1 o swedish wehsite
difficult

very difficult

0 1 2 3 4 g B

Number of test participants

Figure 3:
Looking at the figure3, it is easy to see that nusslrs consider the table an important and must
have method for dissemination and retrieval of terapstatistical data.

Tables
hot Meeded
oMot Needed
Can Oe Mice mCan Oe Nice
W hilst HAe
hiLSL Hew
u 1 2 3 4 a ]
Number of test participants
Figure 4:

Overall, although tables are difficult to use fasualization of temporal data, test participantfinan
important and necessary method on the NSO websites.

CHARTS
From the observation made from the usability testithe chart was only noticed by 3 of the test
participants and they all rated the use of chartifesemination and retrieval of temporal datadie.
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Chart

WEry 2asy
EasY |
no Gificultno easy |
difficult
very dificult |

0 1 2 3 4 o B

Number of test participants

Figure 5:

Looking at 5, only half of the test participantsnwnented that the chart is very important for
dissemination of temporal statistical data.

Chart

Mt Bleadae

| = hot e eded
A Be Mice = CanbBe Mce

ISt Ho- o
st rove |
L] 1 2 a = =] [
Number of test participants
Figure 6:

SINGLE STATIC MAP (SSM)

The single static map rated as difficult or verfficiilt by half of the test participants as candeen in
figure 7 below. This was due to the fact that migjoof the test participants could actually not
understand the SSM as it was disseminated andvettion the Swedish website.

S5M
VENY BRSY
Basy
no dif ficulting easy -
diffic ult -
wery diffic ult I
0 1 2 3 4 ] g

Number of test participants
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Figure 7:

Although, looking at figure 8 below, majority comnted that it was necessary or could be nice to have
the single static map on a NSO website for rettiava visualization of temporal statistical datat b
with better legend.

S35M

Mot Meeded

Can B2 Mice _ @rot Weeded
mZan Be Mice
mh st Hae

T T T T
u} 1 2 z 4 3 &

Number of test participants
Figure 8:

MULTIPLE STATIC MAPS (MSM)
Like the SSM, the MSM was rated difficult by half the test participants and this was due to the
confusing method of dissemination and retrievahefMSM on the Swedish website.

RS
WERY BRSY
easy
no dif ficuling easy
diffic uft
wery diffic ut
u] 1 2 c] 4 5 4]
Number of test participants
Figure 9:

Also, like the SSM, the MSM was rated by majorityaa“must have” or “could be nice”.
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(ZES
Mot Meeded
O Mat Meeded
Can Be Mice _ = CanBHe Mce
W hust Hav e
e
o 1 2 3 4 5 B
Number of test participants
Figure 10:

For examples of the SSM and MSM maps as couldbb&ined on the Swedish website, see figure 9
and 10.

INTERACTIVE MAP

The interactive map was rated as very easy andlgaall test participants and many made comments
about its effectiveness for dissemination, retliewal visualization of temporal statistical datawhs
most effective and satisfactory for test particigamhen combined with SSM.

Interactive
| | |
VErY Basy
easy |
na difficultino easy |

diffic ult |

wery diffic utt |

o 1 z 3 4 5 B

MNumber of test participants
Figure 11:
As can be deduced from figure 12, all test paréiotp rated interactive maps as a must have on NSO
websites.
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Interactive map
Mot Meeded
O Mot Meeded
Can Be Mice B CanBe Moe
o hu st Hawe
o
a 1 2 3 4 a B
Number of test participants
Figure 12:

ANIMATED MAP

The animated map was another very popular methaisoélization that was highly satisfactory from
the users’ perspective. Majority of the test pgrtats rated the animated map are easy or veryteasy
use and understand from their perspectives.

Anirrated
|
VERY Basy
BASY -
no difficutt’ng easy - gAnireted

diffic ult .

very difficutt -

0 1 , 3 4 5 B
Number of test participants
Figure 13:

Looking at figure 14, it is obvious that almostthié test participants rated the animated map‘asist
have” method any NSO website.
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Anirated rmap

Mot Feeded

0 kot Meeded

canserice [ 2 can e e

B hust Hawe

0 1 2 3 4 g G

MNMumber of test participants
Figure 14:
Although it was also observed that all test pastiots also commented that it would be nice if the
animated map was interactive as well, making itsfiide for users to stop, pause or replay the
animation.
In conclusion, it is obvious that all test partanps find the use of animated and interactive neasy,
effective and satisfactory from users’ perspective.
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Appendix 8

QUESTIONNAIRE FOR PROTOTYPE EVALUATION
1. What country are you from?

» Please Specify:
2. What course are you studying or did you study i@2T
» Please Specify:
3. What is the highest level of degree you curyeptissess?
(A)PHD (B) MSC (C)BSC (D) Others (sifgk
4. What is your field of specialization?
* Please Specify:
5. Have you ever worked in a statistical orgamirabefore?
Yes No
6. Please explain where and in what capacity?
» Please Specify:
7. Have you ever worked with statistical data?
Yes No
8. For what purpose?
» Please Specify:
9. Have you ever produced map display from data?
Yes No
10. What software was used?

» Please Specify:

11. Did you ever retrieve, analyze or visualiatistical data through statistical organati
website?
Yes No

12. For what purpose?
» Please Specify:
13. How would you rate your expertise in udimg internet for work purpose?
(A) Poor (B) Average (C) Good (D) Excellent
14. What is your level of expertise in the usen@ps for retrieval and visualization of data oe th
internet?
(B) Poor (B) Average (C) Good (D) Excellent

14. Have you ever worked with Nigerian or anyeotNational statistical websites before?

122



Yes

15. For what purpose?

Please Specify:

No
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Appendix 9

Tasks for Prototype evaluation session
INSTRUCTIONS: Please write the answers in the shéwmtre indicated and say your thought out

load at all times.

Suppose you want to know where most people livehan Northern part of Nigeria, by state
distribution in 2 different years. Is it possible find the state(s) with the largest number of
inhabitants in the Northern part of Nigeria for gfears 1999 and 2005?

Please Tick: Yes No

Please write the name of the state(s):

What method(s) did you apply to answer this questioove? Please state:

1b Task rating: Please rate the ease of carpubghe task la above:
1 2 3 4 5
Very Easy Easy Not Difficult/Easy iffizult Very Difficult

2a Let us consider population density now (nundbénhabitants per km2). Are there differences
in the changes of population density in the perl@®9-2005 between different parts of the
country?
Please write the name and population:
What tool(s) did you apply to answer this questibove? Please state:
2b  Task rating: Please rate the ease of caygim the task 2a above:

1 2 3 4 5

Very Easy Easy Not Difficult/Easy ifficult  Very Difficult

3a. Please consider population density (numbéntatbitants per km2). Are there differences in

the changes in the population density in diffepants of the country in the period 1999 and 2006?

Please comment.
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* What tool(s) did you apply to answer this questibove? Please state:

3b Task rating: Please rate the ease of carguhghe task 3a above:
1 2 3 4 5
Very Easy Easy Not Difficult/Easy iffizult Very Difficult

4a. For 1999-2001 and 2005-2006, is it posdibldetermine percentage change in population
density for states in the country?
* Please Tick: Yes No

» Please, mention few states and estimate their pexge changes in population density.

4b Task rating: Please rate the ease of carpuhghe task 4a above:
1 2 3 4 5
Very Easy Easy Not Difficult/Easy iffizult Very Difficult

5a. Using the absolute number of population pepyear, do you see differences in the rate of
change between different parts of the country® liptease describe these regional differences.

« Please Tick: Yes No

5b Task rating: Please rate the easerofing out the task 5a above
1 2 3 4 5
Very Easy Easy Not Difficult/Easy Ddtilt Very Difficult
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Appendix 10

Interview session for the prototype evaluation isess

As a user, are you satisfied with the methods sgeathination, retrieval and visualization of spatio-

temporal data in the prototype?

Were the methods in the prototype sufficient far éxecution of your given tasks?

Why were the selected methods for tasks 1, 2 asale®ted and not the other tools?

Overall, do you think the prototype was sufficiémt answering all the given tasks correctly and in

good time frame?

Clarify any issue made by test participants thaghmilead to interesting information or more

insight on the test participant’s remarks.

How does the animation help in for visualizatiomgmse?
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Appendix 11

Introductory Note for the Prototype usability testing session

Welcome

| would like to thank you for taking out time indar to help with this prototype testing sessionisTh
testing session is the final part of my MSc resegsogram and it involves the evaluation of my
prototype and all information is confidential. by appreciate your coming and thank you so muach i
advance for your contribution.

Aim

My research topic is: The dissemination, retrieaadl visualization of spatio-temporal statisticalada
through National Statistical websites. The aimhi$ research is to analyze the users’ need comgerni
the dissemination, retrieval and visualization pats-temporal statistical data on National sta@st
offices websites and develop an improve prototygeed on users requirement.

Spatio-temporal statistical data are data for déffié geographic locations such as provinces,
municipalities or states and for different momentiine, such as different years.

Purpose
The purpose of this testing session is to evaltlaeeffectiveness and efficiency of the developed

prototype and also users’ satisfaction. The sesgilbalso be evaluating the various ways and mesho
in which users retrieve and visualize spatio-terapstatistical data.

About the technique

The techniques use for this research is calledhimi aloud, questionnaire and interview techniques
This will involve you as a test participant to fdbme questionnaires before and during the testing
session for the questionnaires, while the thinkidltechnique requires you to carry out some specifi
tasks and most importantly, say out loud your tiugbout the tasks you are executing, the
procedures, difficulties, methods chosen and wimpughout the process of carrying out these tasks.
brief interview will be conducted also at the erfidhe testing session. The whole process of thentgs
will be recorded both audio and video. In addititine each task will be timed, so please be time
conscious.

| will also like to encourage you to relax and jtrgtto complete the task just as you would noryndd
in your room or cluster. Once again, thank youtéing time out to participate in this testing sess

Briefly, show the instruments in the usability |adkory.

Instructions for the test session

9. Please think out loud as you fill the first questiaire.

10. The task involves working with the prototype of gpatio-temporal part of the Nigerian NSO
website.

11. From the homepage, click spatio-temporal statistiata.
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12. Carry out of the task and each task is estimatéaki® about 4 minutes.

13. Please be time conscious.

14. A brief interview of about 10 minutes will be coruded at the end of the session
7. Estimated time is for the test sessictDisninutes.

Any question?
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Appendix 12

Prototype Usability Testing Draft

Aim of conducting the test
The aim of this test is to determine the effectasnand efficiency of the prototype for retrievatia
visualization of spatio-temporal statistical dasaneell as the satisfaction of its users.

« To determine how suitable the prototype that wasld@ed based on the results obtained from
the users’ requirement analysis satisfies the useexd for the retrieval and visualization of
spatio-temporal data from the Nigerian NSO webpitaotype and whether the prototype is
effective, efficient and satisfactory to the usgfran NSO website.

¢ To determine how users actually retrieve data ftbeNSO website, what methods are used
and why.

What | expect to find out

« If the prototype is effective, efficiency and stdidory to users.
« How users retrieve data from the website.
« What methods are used for answering the userstiqnes

Case Study

The case study for the usability evaluation ispghatotype of the spatio-temporal part of the Nigeri
NSO website. The prototype is a proposal for theramement of one part of the Nigerian NSO website
and focuses on the dissemination, retrieval angligation of spatio-temporal statistical data.

What techniques and why?

Think aloud methodThis technique is a qualitative technique thablwes the use of five to nine test
participants. This test will be recorded both aualil video, and also screen logging. This technique
was selected because it will allow the researahdraive the opportunity to watch the test participan
perform the given tasks and also what is showrheim tomputer screen. It also allows for replayhef
scenarios of the test as carried out by the tasicjgemnts. This gives more opportunity of extragti
information on how users executed the given tasits the prototype, which might not have been
possible with other techniques such as focus grdie. technique allows for comparing the users
activities with what users actually say during terecution of the tasks. Based on this, the
effectiveness, efficiency of the prototype can biednined.

Questionnaire The questionnaire is a technique which involved testicipants filling out some
predefined questions before (see appendix 8) andglthe testing session (sees appendix 9). This
technique was selected because it can easily bbigechwith the think aloud technique to collect
useful information about test participants and saskecuted. The questionnaire (also called survey),
can be used as a quantitative or qualitative teglmiFor this testing session, the first questioena
will be used to collect simple background inforroatiabout test participants and their knowledge and
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level of interaction with the internet as a meahsetrieving and visualizing information and most
importantly, statistical information. The secondegtionnaire will be used during the execution & th
tasks. Test participants will be expected to fillsome answers related to their tasks directly tinéo
guestionnaires.

Interview: This is a technique that involves asking usemsstjans relating to the task just completed.
There will be predefined questions for the testipigants (see appendix 10). This will be used to
determine users’ satisfaction with the prototypée Tinterview session allow test participants to
comments on some of the difficulties observed dutime testing session and also to express their
opinions of the whole test session, thereby makipgssible to obtain information about users’ lsve

of satisfaction with the prototype.

According to Nielsen (1994), the best result ofy arsability testing can be obtained by using
combination of several usability techniques.

Test Participants

According to Rubin et.al (2008), a minimum of fouo five test participants is needed to expose as
many usability problem as possible in a short timeselecting the number of test participants,aert
factors had to be considered: the number of aMail@sources to set-up and conduct the test, fhesty
of test participants required and the durationhef test. It is important to balance the numberesf t
participants with practical constraints of time iRu& Chisnell, 2008).

For this testing session, | will be using six IT@dents from various departments and these test
participants are classified into two groups. Thistfgroup of test participants consists of studeuritis

little or no knowledge of maps for retrieval andsualization purposes. The second group of test
participants includes students with knowledge ofpsnaeither has used maps for retrieval and
visualization of data or have worked with mapsdtirer analysis purposes. The major reason for this
distinction is to compare the methods and appraatdieen by the two groups of test participanthian t
retrieval and visualization of spatio-temporal istatal data.

Test Environment

The test session will be carried out in the usghiégiboratory on the first floor of the ITC buildjnThis
laboratory, which was setup in year 2000, is eqeipgith a professional analogue SVHS video
camera, for making the video recordings of the isassand external microphones, to improve the
sound system. The laboratory also has computeersygor test participants to carry out the required
tasks. Finally, the room is also fitted with aithfquad unit, which allows for the synchronizatiof

the video signals of the test participants, a sttegging from the computer monitor and audio signa
and all can be seen together on a television sqissm figure 3.13) and a video recorder player to
analyze the output of the testing session. Therdatg devices are needed not only for analysis
purposes, but it also provides a scientific prdofvbat actually occurred during each test session.
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Scenarios and tasks

The test participants will be expected to answestjans given to them along with the prototype.tTes
participants will also be asked to say out theoutihts as they execute the task and these will be
recorded.

Methodology (Researcher’s scenario)

| will read the introductory note to the test peigiants. This note covers the following steps ef tibst

scenario:
1. [ will welcome the test participant (5 mins).
2. Explain the aim of the prototype evaluation:
3. I will tell the test participant aim of my research
4. | will tell the participant the purpose of this bday testing is to evaluate the effectiveness and

o g

HBE©oN

12.
13.
14.
15.

efficiency of the developed prototype and also siseatisfaction in the retrieval and
visualization of spatio-temporal statistical dasing the prototype.

I will ex plain that all information is confidentia

| will briefly explain what the technique use iscaib and ask them to say their thoughts out
loud and what they are doing.

| will tell the test participant that the think ait is about.

| will explain and ask the test participants to #agir thoughts out loud while doing the tasks.
The test will be timed and estimated time of 4 npastask.

. I will give the test participant the first questiaire to fill, while |1 open the prototype.
. I will ask the test participants to browse briefiyough the prototype for about 3 minutes and

then, | will give the task, which also include sofoem of questionnaire to the test participants
and allow them 2 minutes to read and understandatie and if they have any questions,
answer them, and then | will leave them to the.tdsks is to allow the users to have a feel of
the methods of dissemination available on the pyptoas well as an opportunity to let them
know that some buttons are not working but necgdsabe included in the prototype to create
a feel of a complete NSO website.

| will tell test participants to answer the questishen necessary, in sheet given to them.

Each test participant will be timed. The test ipented to last for 20mins.

| will interview test participants after the teg€t0 mins)

| estimate 40 minutes per test.

Prototype URL on ITC server
http://itcnt07/~alaba20470/final_prototype/home Jhtm
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Appendix 13

Overall Researcher’s impression

TP1

The TP was able to navigate through the prototgpetrieve the correct map. The test participarg wa
confidence although she had problem of speakingnglish.TP1 was not able to express herself
properly. She also had no idea of the country. WB4& not able to initially solve the task 1.Thenngpi
back to task 1.TP was able to carryout the tasketgcting Lagos and Kano the second time around. TP
was still able to finish all tasks within the esdied time frame. TP, although was not very fluent i
expressing herself.

Overall TP answered all questions and in good time.

TP2
The TP is an MSc student of the GFM departmenthd®knowledge of the use of maps for retrieval of
data. TP was able to retrieve data and completastkesuccessfully

TP3

The TP is a master student of the GFM departmelAthds no knowledge of the use of maps for
retrieval of data. He has no knowledge of whatraatBve or animated maps are and | had to tell him.
The TP could understand the titles of the mapsbuld not really relate it properly to which datada
how to use it. TP appears to be in a hurry to lfing did not look through the prototype propexgre
though he was told by researcher to relax and haetibe stopped even when he uses more time.

TP commented, “When | start with the prototype #meltask at first, it was not easy to use because |
don’t know about maps but when | started and gettosit, it was very simple. | could easy know
where to go”. TP was not able to see differencéhéabsolute population map because he forgot that
the maps are interactive and he commented” itigasy to compare for two years”.

TP4

The TP first browsed briefly through the prototygred then started the tasks. The TP used the tabs on
the menu bar and also the buttons for navigatingutgh the prototype. For the question 2 and 3, |
opted for the first method | saw. Looking at thempleth map, it is very easy.

TP5

The TP was not conversant with mps and used thagumap for the task although she realized it and
corrected the mistake. TP was really satisfied widthods on the prototype.

TP6

Although TP claimed to be good with maps, she cowtl really distinguish differences between
absolute and pop density. The researcher had ¢overie to point out the differences to TP. Having
pointed out the differences, TP was able to comaple tasks successfully.

TP7
The TP showed knowledge of maps and understanditigeoquestions. The TP was confidence and
relax in carrying out the task although had to tmmpted many times to speak out loud.
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For time calculation

Tas | Percentage of Mean Standard deviation Summary
k completion time time

1 100 3.46

2 57 2.52

3 100 2.51

4 100 3.05

5 86 2.37

The estimated time for each task is 4 minutes.
Mean=sum all participants time per task/numberasfipipants
Standard deviation= Sum of time-(sum of time*2)#htasks//no of task-1

If 75% of the test participants do not completetdsk, then it is not successful.

0= Not Satisfied
1= Satisfied
2= Very Satisfied

Satisfactory Table

T | Not Satisfied Satisfied Very Satisfied
P

1 Y

2 Y

3 Y

4 Y

5 Y

6 Y

7 Y

Effective Table

TP | NotEffective | Effective Very Effective
1 Y

2 Y

3 Y

4 Y

5 Y

6 Y

7 Y
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Efficient Table

Not Efficient

Efficient

Very Efficient

N g~ WINFR T H

<| <] <| <] <] <]|=<

Satisfactory Table

Very Satisfactory

Satisfactory

Not Satisfactory

Satisfactory

Very Satisfactory Not Satisfactory

Satisfactory

Effectiveness Table

Very Effective

Effective

Not Effective

Effectiveness

Very Effective Effective

Not Effective
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Efficiency Table

Very Efficiency

Efficiency

Efficiency

Not Efficiency

Very Efficiency

Efficiency

Not Efficiency
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