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Research

Type Source Date Summary Useful | Reliable
Accessed
Website | https://www.mathsisfun.com/data/correlation.html | 14/09/2016 | Method for calculating a correlation Y Y
Website | http://databank.worldbank.org/data/home.aspx 5/09/2016 Data source for correlation. Lots of data Y Y
on world development and indicators of
poverty for countries all over the world
Website | https://msdn.microsoft.com/en- 14/09/2016 | Coding method for data correlation
us/library/system.windows.forms.datavisualization.c
harting.statisticformula.correlation(v=vs.110).aspx?c
s-save-lang=1&cs-lang=vb#ticode-snippet-1
Website | http://learntech.uwe.ac.uk/da/Default.aspx?pageid= | 15/9/16 Data correlation examples Y
1442 Pearson’s correlation coefficient
Website | http://www.statisticssolutions.com/correlation- 21/09/16 Page with three different types of
pearson-kendall-spearman/ correlation that are explained in detail.
Website | http://www.statisticssolutions.com/point-biserial- 21/9/16 Point-Biserial correlation
correlation/
Website | http://www.statisticssolutions.com/conduct- 21/9/16 Partial correlation
interpret-partial-correlation/
Website | http://www.statisticssolutions.com/bivariate- 21/9/16 Bivariate correlation
correlation/
Website | http://data.worldbank.org/data-catalog/world- 21/9/16 Data source for every country for lots of Y Y
development-indicators world development indicators
Website | https://www.rutc.ac.uk/courses/social- 21/9/16 World development definition and Y Y
sciences/333-level-3/225-world-development-as- summary
a2.html
Website | http://www.globalissues.org/article/26/poverty- 21/9/16 General facts and statistics about poverty | Y Y
facts-and-stats levels in the world
3
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The aim of the project is to identify a correlation between two indicators of poverty from
world banks data source in order to meet the needs of the end user. There are currently
thousands of pieces of data available online however there is so much of it that it is difficult
to find a correlation due to the large quantity therefore the aim is to clearly identify
whether there is a correlation or not, what correlation it is and how strong the correlation
may or may not be.

World Development

World Development is about developing an understanding of our role as global citizens and
our responsibilities toward global development and sustainability. Currently almost 50% of
the world’s population lives on $2.50 a day and world development focuses on how that
figure can be decreased so that humanity can live comfortably without large differentiating
inequality.

Correlation

Values of Pearson’s correlation coefficient

Pearson's correlation coefficient (r) for continuous (interval level) data ranges from -1 to +1:

r=-1 data lie on a perfect straight line with a negative slope
r=10 no linear relationship between the variables
r=+1 data lie on a perfect straight line with a positive slope

There are three ways of calculating a correlation which | have found through conducting my
research: Pearson, Spearman and Kendall. The most common method used is Pearson
correlation. Pearson r correlation is used in statistics to measure the degree of the
relationship between linear related variables. The example give in the source is stock

markets and calculating the correlation between two goods. The formula is given as r =
NZxy—X (x)(¥)
YNZx2-Z (AN Zy?- X (y2)]
in each data set, 2xy = sum of the products of paired scores, 2x = sum of x scores, Zy = sum
of y scores, 2x"2 = sum of squared x scores, 2y"2 = sum of squared y scores. For the Pearson

r correlation, both variables should be normally distributed. Other assumptions include

where r = Pearson r correlation coefficient, N = number of value
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linearity and homoscedasticity. Linearity assumes a straight-line relationship between each
of the variables in the analysis and homoscedasticity assumes that data is normally
distributed about the regression line.

Kendall rank correlation is a non-parametric test that measures the strength of dependence
between two variables.

Spearman rank correlation is a non-parametric test that is used to measure the degree of
association between two variables. Spearman rank correlation makes no assumptions about
the distribution of the data and is the appropriate correlation analysis when the variables
are measured on a scale that is at least ordinal. And scores on one variable must be
monotonically related to the other variable. Ordinal scales rank orders the items that are
being measured to indicate if they possess more, less or the same amount of the variable
being measured. Ordinal data does not define the magnitude of the relationship between
units only whether they are less than, greater than or equal to.

Point-Biserial Correlation is a correlation measure of the strength of association between a
continuous-level variable and a binary variable. Binary variables are variables of nominal
scale with only two values. They are also dichotomous variables or dummy variables in
Regression Analysis. Binary variables are commonly used to express the existence of a
certain characteristic or the membership in a group of observed specimen. Typically Point-
Biserial Correlation would be used to answer questions on biology, medicine, sociology,
social psychology and economics.

Spurious correlations occur when two effects have clearly no causal relationship whatsoever
in real life but can be statistically linked by correlation. Spurious correlations are caused by
not observing a third variable that influences the two analyse variables. Partial correlation is
the method to correct for the overlap of the moderating variable.

The correlation coefficient between two continuous-level variables is also called Pearson’s r.
A positive r values expresses a positive relationship between the two variables while a
negative r values indicates a negative relationship. A correlation coefficient of zero indicates
no relationship between the variables at all. However, correlations are limited to linear
relationships between variables. Even if the correlation coefficient is zero, a non-linear
relationship might exist.

World Bank

The World Bank is an international financial institution that provides loans to developing
countries for capital programs. The World Bank is a component of the World Bank Group,
which is part of the United Nations system. Their official goal is the reduction of poverty to
work for a world free of poverty.

The data which is available to use in this project will come from World Bank who have an
extensive list of world development indicators for virtually every country as well as
aggregates. The table below shows a list of some of the countries and aggregates as well as
a selection of the world development indicators that are included in the data set. The
limitation of this data is that there is not data for every country for every indicator. The data
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is updated quarterly in April, July, September and December although the periodicity of the

data is annual.

Countries Indicators

Aruba GDP growth (annual %)

Andorra GDP (current USS)

Afghanistan GDP per capita (current USS)

Angola Exports of goods and services (% of GDP)

Albania Foreign direct investment, net inflows (BoP,
current USS)

Arab World GNI per capita, PPP (current international $)

United Arab Emirates GINI index

Argentina Inflation, consumer prices (annual %)

Armenia Population, total

American Samoa

Life expectancy at birth, total (years)

Antigua and Barbuda

Internet users (per 100 people)

Australia

Imports of goods and services (% of GDP)

Austria Unemployment, total (% of total labour force)

Azerbaijan Agriculture, value added (% of GDP_

Burundi CO2 emissions (metric tons per capita)

Belgium Literacy rate, adult total (% of people ages 15 and
above)

Benin Central government debt, total (% of GDP)

Interview with Josie Gadsby (Teacher of World Development and Politics)

What does world development cover at a level?

In A level, we look at two different themes. Theme 3 looks at development theory so it’s
what we mean by development so part of its economic development part of its social and
political and looks at different kinds of application theories to that and we look at a few key
case studies. We look at India in quite a lot of detail and look at its social political economic
development. And then the other thing is very much economic development so we look at
global inequality so this is probably where it fits in best. We look at the impact of technology
on development and the impacts of globalisation and FDI so it’s much more economics
focused. So, | think it fits in quite nicely with the global inequality section quite nicely.

Which time periods of data are most useful?

| think for both politics and world development we tend to try and keep it up to date so
modern but again documenting it over time is really useful so you start to see the dips and
changes. But I'd say anything from the 1980s onwards is probably more useful

Is it useful to use recent data to predict the future and how is it relevant?

It certainly can be but | think where it becomes most useful is when students can begin to
identify when its most relevant for example with the kind of thing you’re looking at because
it can be really useful to do with healthcare social development as well as economic
development there is a direct correlation between the two. But what it won’t highlight is
that not everyone is going to get access to that there is distinct inequality even in quite
developed countries. You'll probably find china’s got quite a high GDP per capita but not
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everyone is going to be accessing that in terms of life expectancy. So, | think it can be very
useful but it needs to be looked at with an analytical eye.

What correlations would be interesting to you personally?

So, I don’t think it matters too much which bits of data you pick. For example, | think the
ones you chose would be fine [life expectancy and GDP per capita] so | think something like
that would be fine. | think you might find it gives you quite a skewed result because the GDP
per capita is just an average and you’ll find most people in those countries don’t have
anywhere near that kind of per capita income. So, one thing that might be more interesting
to look at would be distribution of wealth so if you’re thinking about within a country what
level of inequality. What economic inequality there is would be quite an interesting other
one. You might find that some countries don’t have any data and that’s usually because
those countries are corrupt and lack the government and governance you need for that kind
of data

Are you aware of the data available on the World Bank website?

In terms of world development, we tend to use the World Bank more for looking at different
aid programs rather than data. So, we do a bit but because you’re looking at differences
between countries its more for what aid programmes they use. With politics, it’s more
geared towards things like debt relief as well.
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Analysis
https://datahelpdesk.worldbank.org/knowledgebase/articles/906531-methodologies

Summary of Interview

From the interview that | carried out with world development and politics teacher Josie
Gadshy, it is clear to me that my chosen topics to correlate between would be relevant to
her subject in her teaching. A recent study published by HM Revenue and Customs has
shown that there has been an increase in the number of children living in poverty within the
UK and identifying a correlation between world development indicators would help to be
able to identify why this is the case, not just in the UK, but around the rest of the world.

One point Josie made was that some data sets will be missing data from countries for
various reasons, the most prominent being that many smaller countries, particularly islands,
are corrupt in the way they are run politically and economically and therefore the data is
missing from these countries as they either do not have it or they do not wish to share it
outside of their boundaries. This is an issue | am aware of having previously looked at the
data available from World Bank and | must now decide which sets to use to provide me with
the most accurate and relevant results. | am planning to use indicators which the majority of
countries have provided data for so that my results will have more relevance and use.

Another issue raised by Josie was that over time data loses relevance to them as world
development is a fast-changing subject and therefore only modern data is relevant to them.
Josie recommended not using data from before the 1980s and as a department they prefer
data from the past 20 years as it is most relevant, showing current trends and changes over
the years as well as consistencies.

Data Flow Diagram
World Bank collects data in this way.

-, Responses -

¥

WNatiunalstatistics (
Population Government J ‘.:L World Bank

oy .
Consensus, surveys

Document Specification
Below is a document specification sheet containing information on the data that is going to
be used to correlate between and how the data is currently stored within the document.

Volumetrics
Document System Document Name
description
World Bank Data Poverty Indicators 1 WDI Data
Catalog
Primary Table Size File Size Number of sheets Method of preparation
372241 x 60 92.2MB 13 Compilation by World Bank
Medium Prepared by
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Spreadsheet

‘ World Bank

Frequency of preparation

Retention period

Location of file

Annual Forever World Bank Data Website
Minimum Maximum Av/Abs Growth rate/fluctuations
(J]
€
3 1 4 1 per year
(@]
>
Data Dictionary
Ref Name Data Type Regex Occurrence Source of data /
description
1 | Country String 264 World Bank
Name
2 | Country String 264 World Bank
Code
3 | Indicator | String 264 World Bank
Name
4 | Indicator |  String 264 World Bank
Code
5 | Year Integer AN\d{4}S 56 World Bank
G12 - Jx
A B @ D | E | F | G | H
lii??ﬁTA:)iﬁmw Q&?ﬂﬁKZmJ;QHMWﬂmpyh&meﬂa ﬁﬁiiﬁﬁgzj w0(D) e e e w
3 Arab World ARB 2005 PPP conversion factor, private consumption (LCU per international $} PA.NUS.PRVT.PP.0S
4 |Arab World ARB Access to electricity (% of population) EG.ELC.ACCS.ZS
5 |ArabWorld ARB Access to electricity, rural (% of rural population) EG.ELC.ACCS.RU.ZS
6 |Arab World ARB Access to electricity, urban (% of urban population) EG.ELC.ACCS.UR.ZS

Arab World

ARB Access to non-salid fuel (% of population)

Data from World Bank
Below are a series of screenshots showing the data which is to be collected for the

EG.NSF.ACCS.Z8

investigation. The screenshots will show the series of webpages to go through in order to be
able to access and download the data files. The circled part of the image shows the link that
needs to be selected in order to proceed closer to downloading the data files.
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< C | ® dataworldbank.org & 7
@T;"E WORLD BANK Home About Data Research New ons ations Countries English -
New to this site? Start Here A DataBank Micro
Er E fol Fi SR 54
Free and open access to global development data
v
Browse by Country or Indicator
5 International

IDA Statement of Credits and Poverty headcount ratio at $1.90 a day (2011 PPP) (% of

i e
Grants - Latest Available Snapshot popcon StatIStICS

%)

Content of Deep Trade Agreements
Mar 15

IBRD and IDA Commitments and .
Disbursements - Country Summary .

Figure 1

Figure 1 above shows the World Bank Data homepage which allows access to data collected,
stored and maintained by World Bank.

/ ¥ Course: COMPUTERSCIE X @) Data | The World Bank X /' [ Open Data Catalog | The X \\ [all=l@]| 2

& C | © datacatalog.worldbank.org &

THE WORLD BANK English Espaiiol Frangais wf Pyccxmd

IBRD - IDA

Home About Data Research Learning News Projects & Operations  Publications  Countries  Topics

By Country | By Topic | Indicators | Data Catalog | M

data Initiatives = What's New | Support | Products

Data Catalog

8 Share

The World Bank's Open Data initiative is intended to provide all users with access to World Bank data, according to the Open Data Terms of Use. The data
catalog is a listing of available World Bank datasets, including databases, pre-formatted tables, reports, and other resources.

Access to Information | Download Data Catalog | Data Catalog API

247 records found Search Dala Catalog B cear

REFINE BY: Sort By:  MostPopular v | Alphabetical | Last Updated
Topics ‘World Development Indicators (WDI) E 3 am

Economy Coverage [+]
Periodicity g3 The primary World Bank collection of development indicators, compiled from offically-recognized intemational sources. I
) presents the most cument and accurate global development data available, and includes national, regional and global
Access Options N
estimates
Type: Time series | Periodicity: Annual | Last Updated: 01-Feb-2017  See More +
GDP ranking (GDP) 3
Gross domestic product ranking table.
Type: Time series | Periodicity: Annual | Last Updated: 01-Feb-2017  See More +
Country Profiles (CP)
Country profiles present the latest key development data drawn from the World Development Indicators (WDI) database, the
Waiting for search.worldbank.org... 1d Bank's primary database for cross-country comparable development data Help/Feedback

Figure 2

Figure 2 above shows the Data Catalog webpage for World Bank. World Development Indicators
(WDI) is the first option for datasets out of 247 which are available. World Development Indicators is
also the most popular option on this list and generally appears at the top of the webpage.
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/ ¥ Course: COMPUTER SCIE x Y (&) Data | The World Bank % ) (& World DevelopmentInd % \{

= s

<« C | ® dataworldbank.org/data-catalag/world-development-indicators

@mﬂ\yomn BANK Home About Data Research Learning News

World Development Indicators

The primary World Bank collection of development indicators, compiled from officially-recognized international
sources. It presents the most current and accurate global development data available, and includes national

regional and global estimates

Type

Periodicity

Last Updated
Economy Coverage
Granularity

Number of

Economies

Topic

Figure 3

Time series

Annual

01-Feb-2017

WLD, EAP, ECA, LAC, MNA, SAS, S5A, HIC, LMY, IBRD, IDA
National, Regional

217

Agriculre & Rural Development, Aid Effectiveness, Climate Change, Economy
& Growth, Education, Energy & Mining, Environment, External Debt, Financial
sector, Gender, Health, Infrastructure, Labor & Social Protection, Poverty,
Private Sector, Public Sector, Science & Technology, Social Development, Trade,

Urban Development

Projects & Operations Publications Countries Topics

English

A DataBank Microdata Data Catalog

Related Links

WDI 2016 products pag

Data Updates and Errata

0S and Android

&N

Figure 3 above shows a summary of the World Development Indicators dataset. It contains
information about what is included in the file, when it was last updated, and how many
countries/economies are covered. On the side there are several options for how to download the
files. CSV files are smaller in size and there is less formatting so the information is easier to extract

and analyse. The files are also downloaded as zips due to their size.

. WDLesv

=10l ]

‘0(_)v| . = Libraries * Documnents = WDI_csv

- ml Search WDI_csv

a

Organize v  New folder

w0 Favorites
Ml Desktop
4. Downloads

1= Recent Places

Documents library

-0 @

- Libraries
@ Documents
J’ Music
(&= Pictures
B Videos

WOLesv Arrange by:  Folder
[~ Name Date modified Type ~ ~ | Size | |
B= WDI_ST_Motes 02/11/2016 10:13 Microsoft Bxcel C... 33KB
=] WDI_Series 02/11/2016 10:13 Microsoft Excel C... 3,395 KB
£=) WDI_Footnotes 02/11/201610:13 Microsoft Excel C... 55,475 KB
E1=] WDI_Description 02/11/201610:13 Microsoft Excel C... 34 KB
=] WDI_Data 04/01/2017 10:16 Microsoft Excel C... 107,126 KB
B= WDI_CS_MNotes 02/11/2016 10:13 Microsoft Excel C... TI6 KB
=] WDL_Ceuntry 02/11/2016 10:13 Microsoft Excel C... 136 KB

- Computer
&, Windows (C:)
5 153572 (\\godalming.ac.ukhdf
5 Transfer (T:)
4 Departmental Software (Z3)

ﬁ‘j Metwork
l 7 items
Figure 4
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Figure 4 above shows the contents of the downloaded file once it has been unzipped. There are 7 csv
files all of which contain information on world development indicators and they each vary in size.

| WDI_ST_Mates - Notepad _ |0l x|
File Edit Format View Help
eriescode,Year ,DESCRIPTION -

SP.ADO. TFRT,YR1960,Interpolated using data for 1957 and 1962

SP.DYN.AMRT. FE,YR1960, "Interpolated using data for 1957 and 1962, if the data source is United Nations world Population Prospects.

SP.DYN. AMRT.MA,YR1960, "Interpolated using data for 1957 and 1962, if the data source is united nations world population Prospects.

SP.DYN.TO65.FE.Z5,YR1960, Interpolated using data for 1957 and 1962

SP.DYN. TO65.MA.Z5,YR1960, Interpolated using data for 1957 and 1962

SP.DYN.TO65.MA.Z5,YR1961, Interpolated using data for 1957 and 1962

SP.DYN.TO65.FE.Z5,YR1961,Interpolated using data for 1957 and 1962

SP.DYN.AMRT.MA,YRLQEL,”Iﬂterpoqated using data for 1957 and 1962, if the data source is united Nations world population Prospects.

SP.DYN.AMRT. FE,YR1961, "Interpolated using data for 1957 and 1962, if the data source is United Nations world Population Prospects.

5P.ADO. TFRT,YR1961,Interpolated using data for 1957 and 1962

SP_ADO. TFRT,YR1962,The data refer to 1960-1965.

SP.DYN.AMRT.FE,YR1962, "The data refer to 1960-1965, if the data source is United Nations world Population Prospects.”

SM.POP.NETM,YR1962, "The data refer to five-year periods running from 1 July, 1960 to 30 June, 1965."

SP.DYN.AMRT.MA,YR1962, "The data refer to 1960-1965, if the data source is United Nations world Population Prospects.”

5P.DYN.TO65.FE.Z5,YR1962,The data refer to 1960-1965

SP.DYN.TO65.MA.Z5,¥R1962,The data refer to 1960-1965

SP.DYN.TO65.MA.Z5,YR1963, Interpolated using data for 1962 and 1967

SP.DYN.TOES.FE.ZS,YRIQSB,IHtquG1ated using data for 1962 and 1967

SP.DYN. AMRT.MA,YR1963, "Interpolated using data for 1962 and 1967, if the data source is United Nations world Population Prospects.

SP.DYN. AMRT.FE,YR1963, "Interpolated using data for 1962 and 1967, if the data source is united Nations world pPopulation Prospects.

SP.ADO. TFRT,YR1963,Interpolated using data for 1962 and 1967

SP.ADO. TFRT,YR1964 ,Interpolated using data for 1962 and 1967

SP.DYN. AMRT.FE,¥YR1964,"Interpolated using data for 1962 and 1967, if the data source is united Nations world population Prospects.

SP.DYN. AMRT.MA,YR1964, "Interpolated using data for 1962 and 1967, if the data source is uUnited Nations world Population Prospects.

SP.DYN. TO65.FE.Z5,YR1964 ,Interpolated using data for 1962 and 1967

SP.DYN.TO65.MA. Z5,YR1964 , Interpolated using data for 1962 and 1967

SP.DYN. TO65.MA.Z5,YR1965, Interpolated using data for 1962 and 1967

SP.DYN.TOES.FE.ZS,YRlQES,InterEG1ated using data for 1962 and 1967

SP.DYN. AMRT.MA, YR1965, "Interpolated using data for 1962 and 1967, if the data source is uUnited Nations world Population Prospects.

SP.DYN. AMRT.FE,YR1965, "Interpolated using data for 1962 and 1967, if the data source is united Nations world pPopulation Prospects.

SP.ADO. TFRT,YR1965,Interpolated using data for 1962 and 1967

5P.ADO. TFRT,YR1966,Interpolated using data for 1962 and 1967

SP.DYN. AMRT.FE,YR1966, "Interpolated using data for 1962 and 1967, if the data source is United Nations world Population Prospects.

SP.DYN. AMRT.MA, YR1966, "Interpolated using data for 1962 and 1967, if the data source is uUnited Nations world Population Prospects.

SP.DYN. TO65.FE.Z5,YR1966,Interpolated using data for 1962 and 1967

SP.DYN.TO65.MA. Z5,YR1966, Interpolated using data for 1962 and 1967

5P.DYN.TO65.MA.Z5,YR1967,The data refer to 1965-1970

SP.DYN.TO65.FE.Z5,¥R1967 ,The data refer to 1965-1970

SP.DYN. AMRT.MA, YR1967, "The data refer to 1965-1970, if the data source is United Nations world Population Prospects.”

SP.DYN. AMRT.FE,YR1967,"The data refer to 1965-1970, if the data source is united nations world population pProspects.” _J:J
»
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Figure 5

Figure 5 above shows the top of the first file in the folder, WDI_ST_Notes. This file contains
notes about the data which has been collected.

| WDI Series - Notepad oy [=] |
File Edit Format View Help

lseries Code,Topic,Indicator Name,Short definition,Long definition,unit of measure,Periodicity,Base Period,0ther notes,Aggregation :E
AG. AGR. TRAC.NO,Environment: agricultural production,Agricultural machinery, tractors”,,Agricultural machinery refers to the numbe
ction to mechanize agricultural tasks, especia11¥ tillage. Agricultural implements may be towed behind or mounted on the tractor,
and) refers to plots that may be used for agricultural activities, regardless of the physical type or quality of land.A substantia
ng practices cause soil erosion and loss of soil fertility.There is no single correct mix_of inputs to the agricultural Tand, as i
AG.CON.FERT.PT.Z5,Environment: Agricultural production,Fertilizer consumption (% of fertilizer production),,"Fertilizer consumptio
untries compile fertilizer data on a calendar year basis, while others compile on a crop year basis (July-June). Previous editions

e some chemical compounds used for fertilizers have other industrial applications, the consumption data may overstate the quantity

rket or kitchen gardens, and land temporarily fallow; land abandoned as a result of shifting cultivation is excluded.","Factors su
environmental costs and health impacts. salinization of dirrigated Tand diminishes soil fertility. Thus, inappropriate use of input
y by country and over time and depend on the type of crops, the climate and soils, and the production process used.",,,,Open

AG.CON.FERT.Z5,Environment : Agricultural production,Fertilizer consumption (kilograms per hectare of arable land),,"Fertilizer con
cts fertilizer statistics for production, imports, exports, and consumption through the new Fao fertilizer resources questionnaire
national publications and related country data reported by various international organizations.",,,"Food and_agriculture organizat
ments are largely derived from raw material, composts and other organic matter, and wastes, such as sewage sludge and certain indu
es provide developing countries with food and revenue. But agricultural activities also can degrade natural resources. Poor farmin
ustrialized countries, overuse of fertilizers has resulted in contamination of surface water and groundwater.There is no single co
AG.LND. AGRI.K2,Environment: Land use,agricultural land (sg. km),,"agricultural Tand refers to the share of land area that is arabl
1 questionnaires. The FAO tries to impose standard definitions and reporting methods, but complete consistency across countries an
area, which can include areas not suitable for agriculture, such as forests, mountains, and inland water bodies. Three components
Land abandoned as a result of shifting cultivation is excluded from arable Tand.pata on agricultural Tland are valuable for condu
g environmental indicators, including tﬂose related to investment in agriculture and data on gross crop area and net crop area whi
appropriate levels and application rates vary by country and over time and depend on the type of crops, the climate and soils, and
AG. LND. AGRI.ZS,Environment: Land use,Agricultural Tland (% of land area),,"Agricultural land refers to the share of land area that
s (Fa0) from official national sources through annual questionnaires and are supplemented with information from official secondary
and Agriculture_organization, electronic files and web site.”,"agriculture is sti1l a major sector in many economies, and agricult
tivation is excluded from Arable Tland.Data on agricultural land are valuable for conducting studies on a various perspectives conc
the context of zoning, agricultural land (or more properly agriculturally zoned land) refers to plots that may be used for agricul
AG. LND. AREL .. HA,Environment: Land use,arable Tand (Eectares),,"Arab]e land (in hectares) includes land defined by the Fao as Tand u
ntry data from websites of national ministries, national publications and related country data reported by various international o
that differs from that of ground-based measures in area under cultivation and type of land use. Moreover, land use data in some co
ovide developing countries with food and revenue. But agricultural activities also can degrade natural resources. Poor farming pra
Tland. Agriculture already uses 11 percent of the world's land surface for crop production. It also makes use of 70 percent of a?]'
r quality of Tand.”,,,.Open
AG. LND. ARBL. HA. PC,Environment: Land use,Arable land (hectares per person),,”arable land (hectares per person) includes land define
s (FA0), the primary compiler of the data, occasionally adjusts its definitions of land use categories and revises earlier data. B
and agriculture organization (Fap) of the united Nations from official national sources through the questionnaire are supplemented
se productivity b¥ using chemical fertilizers, pesticides, and intensive irrigation have environmental costs and health impacts. E
ve primarily benefitted farmers with productive land and access to water, bypassing the majority of small-scale producers who are
(or more properly agriculturally zoned Tand) refers to plots that may be used for agricultural activities, regardless of the physi
AG. LND. ARBL. Z5,Environment: Land use,arable Tand (% of ?and area),,"arable land incTudes land defined by the Fao as Tand under tem -
3
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Figure 6

Figure 6 above shows the top of the file called WDI_Series. This csv file contains various
details about the indicators including, name, topic, indicator, definition and unit of measure.
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Each indicator only appears in the list once and on each line has all of the information about
it. In this file it shows that there are over 1400 indicators.

| WDI Footnotes - Notepad oy [=] |
File Edit Format View Help

iCountryCode, SeriesCode, Year , DESCRIPTION :EJ
ABW, AG. LND. FRST. K2, YR1990,Not specified

ABW, AG. LND. FRST. K2, YR2000,Not specified

ABW,AG. LND. FRST.K2,YR2005,Not specified

ABW,EBM. KLT.DINV.CD.WD,YR1988, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment Online databas

ABW,BM. KLT.DINV.CD.wWD,YR1989, "source: united Nations Conference on Trade and Development, Foreign Direct Investment online databas

ABW,BM.KLT.DINV.CD.WD,YR1990, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment online databas

ABW,BM. KLT.DINV.CD. WD, YR1991, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment Online databas

ABW,BM. KLT.DINV.CD. WD, YR1992, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment online databas

ABW,BM. KLT.DINV.CD.WD,YR1993, "source: united Nations Conference on Trade and pevelopment, Foreign Direct Investment online databas

ABW,BM.KLT.DINV.CD.WD,YR1994 , "Source: United Nations Conference on Trade and Development, Foreign Direct Investment online databas

ABW,BM. KLT.DINV.CD. WD, YR1995, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment Online databas

ABW,BX. KLT.DINV.CD.wD,YR1987, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment online databas

ABW,BX. KLT.DINV.CD.wD,YR1988, "source: united Nations Conference on Trade and Development, Foreign Direct Investment online databas

ABW,BX.KLT.DINV.CD.WD,YR1989, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment online databas

ABW, BX. KLT.DINV.CD.WD,YR2013, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment Online databas

ABW,DC. DAC. AUSL.CD, YR2000,Data are classified as official aid

ABW,DC. DAC. AUSL.CD, YR2001,Data are classified as official aid

ABW,DC. DAC. AUSL .CD,YR2002 ,Data are classified as official aid

ABW,DC. DAC. AUSL.CD,YR2003 ,Data are classified as official aid

ABW,DC. DAC. AUSL.CD, YR2004 ,Data are classified as official aid

ABW,DC. DAC. AUTL.CD, YR2000,Data are classified as official aid

ABW,DC. DAC. AUTL.CD,YR2001,Data are classified as official aid

ABW,DC. DAC. AUTL.CD,YR2002 ,Data are classified as official aid

ABW,DC. DAC. AUTL.CD, YR2003,Data are classified as official aid

ABW,DC. DAC. AUTL.CD, YR2004 ,Data are classified as official aid

ABW,DC. DAC.BELL.CD,YR2000,Data are classified as official aid

ABW,DC.DAC.BELL.CD,YR2001,Data are classified as official aid

ABW,DC. DAC. BELL.CD,YR2002,Data are classified as official aid

ABW,DC. DAC.BELL.CD,YR2003,Data are classified as official aid

ABW,DC. DAC.BELL.CD,YR2004 ,Data are classified as official aid

ABW,DC. DAC. CANL.CD, YR2000,Data are classified as official aid

ABW,DC. DAC. CANL.CD,YR2001,Data are classified as official aid

ABW,DC. DAC.CANL.CD,YR2002,Data are classified as official aid

ABW,DC. DAC.CANL.CD,YR2003,Data are classified as official aid

ABW,DC. DAC. CANL.CD, YR2004 ,Data are classified as official aid

ABW,DC. DAC. CECL.CD, YR2000,Data are classified as official aid

ABW,DC. DAC.CECL.CD,YR2001,Data are classified as official aid

ABW,DC. DAC.CECL.CD,YR2002,Data are classified as official aid

ABW,DC. DAC. CECL.CD,YR2003,Data are classified as official aid

ABW,DC. DAC. CECL.CD,YR2004 ,Data are classified as official aid. -
3

Kl |

Figure 7

Figure 7 above shows the top of the file, WDI_Footnotes, which contains notes on the
source and how the data is classified of the data included and references the country code,
series code and year.

| WDL Description - Notepad -0 x
pti pa

File Edit Format View Help

wor1d Development Indicators -

The world Banl
"14 october, 2016"

world Development Indicators (wpI) is the primary world Bank database for development data from officially recognized internationa
see other worksheets in this Excel file for a 1ist of series changes since previous versions

"14 oOctober, 2016: An update was processed for national poverty and child mortality series, and to add 2016 data for Enterprise su
"4 october, 2016: pata have been updated for international poverty and shared prosperity indicators, balance of payments series, m
"10 August, 2016: An update was processed for all monetary series, including corrections for reserves including gold and domestic

"22 July, 2016: An update was processed to revise Zambia's GDP growth rates and related national accounts and PPP data from 2011 t©
"19 July, 2016: An update was processed to correct balance of payments data that were misaligned by one year for all countries and
"12 July, 2016: 2015 world values for gross capital formation, gross domestic savings, gross fixed capital formation, gross saving
"8 July, 2016: an update was processed to correct the scale of national accounts GDP components for Iceland, Ireland, Japan, switz
"5 July, 2016: 2015 data (plus revised historical data, where necessary) for all countries and groups for population-, GDP- and GN
"14 June, 2016: A minor update was processed to correct 2015 statistical capacity indicator data for Brazil; military expenditure

"1 June, 2016: A minor update was processed to correct 1994 poverty data for Philippines; and 2012 births attended by skilled heal
"10 May, 2016: A minor update was processed to correct stock market index data for 2015 for France, Germany, and the united kingdo
"2 May, 2016: A minor update was processed to revise and update national poverty, adjusted savings, and aggregate forest indicator
"14 april 2016: A minor update was processed to add grants and health expenditure data for 2014, and forest area as a percentage o
"11 April 2016: Full update of development data to coincide with publication of the world Development Indicators 2016 book. New in

"1

-

February 2016: Data have been updated for grants indicators and forestry indicators. External debt data for Malaysia, Romania,

"29 pecember, 2015: National accounts data for eEritrea from 2012 to 2014 have been removed pending further review. pata for serdies

"22 December, 2015: Data have been updated for malnutrition, national poverty indicators, and threatened species. Revisions and fi[:J
»
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Figure 8
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Figure 8 above shows the top of the file, WDI_Description, which hold basic descriptions of
the updates that have been made to the data set and when those changes have been made.
This is one of the smallest files in the folder as it does not contain a particularly large
amount of information unlike some of the other files.

" WDI_Data - Notepad

File

Edit Format View Help

=lolx|

Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab
Arab

ol

Country Name,Country Code,Indicator Name,Indicator Code,1960,1961,1962,1963,1964,1965,1966,1967

,1968,1969,1970,1971,1972,1973, 19”4:J

wor1d,ARB ‘2005 PPP conversion factor, GDP (LCU per intérnational $£)" PA.NUS. PPP, 05,,,,,,,,,,,,,,,,,,,,,,,,.............,,,,,

world,ARB, 2005 PPP conversion factor, private consumption (LCU per international $)°"

+PA.NUS. PRVT. PP. O3 ssssvrnnnnnnrssnrssnns

wmr1d,ARB,Access to electricity (% of qopu1at1mn) EG.ELC.ACCS.Z5,,,,,,., Srritsraaassasassaaafe99E+0L, ., ., ,,,,,7-95E+01,,,
world,ARE, "Access to electricity, rural (% of rural population)” EG ELCACCS RU! 8 T - 7 = 1 A
world,ARB, "Access to electricity, urban (% of urban population)" ,EG ELC.ACCS.UR.Z5, 4 sasssaassnaassaanssaassssass 3. 18E+01,,,,
world,ARB,Access To non-solid fuel (% of population),EG.NSF.ACCS.ZS5,,, yssrssrsrsssasnssasnssssass/ 42E401,,,,,,,,,,8. 16E+01,

world,ARB, "Access to non-solid fuel, rura?
world,ARE, "Access to non-solid fuel, urban

world,ARB,Account at a financial institution (% age 15+

(% of rural population)” EG.NSF.ACCS.RU.ZS, ., 0ssassansansansansstsinsinrinninsins
(% of urban §Opu1at1on) VEG.NSF.ACCS. UR.ZS, 5y s anssaanssaanssaansssinnsiinssiinssss

[es],wP_time_01.1,,,, 0y assassassassansansansassarssnsrnsinsinsins,

world,ARB, "Account at a financial institution, Temale (% age 15+) [ts]",WP_time_0Ll.3, . sy susassasassasasasssnssssssasssssssss

world,ARE, "Account at a financial institution, income, poorest 40% (% ages 15+) [ts]”

JWP_Time_01. 8,y yyunsssrnnssrnnssinnssias

world,ARB, " "Account at a financial institution, income, richest 60% (% ages 15+) [ts]",WwP_time_01. 9,,,,,,,,,,,,,,,,,,,,,,,,,,,

world,ARB, "Account at a financial institution,

world,ARB,Adequacy of social insurance pro
world,ARB,Adequacy of social protection an

world,ARB,Adequacy of social safety net programs (% o

3rams (% of total welfare of benef?cwary huusehu]ds) per ed a11s1 adg, ?
labor programs (% of total welfare of beneficiary househo]ds) per_. a1 sp. adg_|

male (% age 15+) [t5]" WP time 01.2,,, 1102210010 syaazzagaraa ity
P_tot,,,,,,

pop_t

total welfare of beneficiary households),per_: Sa_a11sa adq_pop_tot, ,,,,

world,ARB, Adequacy of unemp70¥ment benefits and ALMP (% of total welfare of beneficiary househo1ds) per_lm_alllm. adq_pop_tot,

wor ld, ARE, Adlusted net enrollment rate, primary, female (% of primary school age ch11dren) ,SE.PRM. TENR. FE,,,,,,,,,,,4 28E40
world,ARE, Adlusted net enrollment rate, pr1mary, male (% of pr1mary school age children)” SE PRM. TENR.MA, 4,y 5444, ,0. 53E+01,
world,ARB, "adjusted net enrolment rate, primary, both sexes (%)",SE.PRM.TENR, . sy 5535533+ 43E+01 S.44E+01, 5 57E+01, 5. 67E+0L, 5.
world,ARB,Adjusted net national income (annual % growth),NY.ADJ.NNTY.KD. ZG,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

world,ARB,AdJjusted net national
WUr]d,ARB,Ad usted net national
world,ARB,AdJjusted net national
world,ARB,AdJjusted net national
world,ARB,Adjusted net national
world,ARE, "Adjusted net savings,

income {co
income {cu
income per
income per
income per
excluding

WUr]d,ARB,"AdJusted net savﬂngs, excluding
world,ARE, "Adjusted net savings, including

world,ARB, "Adjusted net savings,

including

world,ARE, Adjusted savings: carbon dioxide
world,ARB,Adjusted savings: carbon dioxide
world,ARB,Adjusted savings: consumption of
world,ARB,Aadjusted savings: consumption of

nstant 2010 us$) NY.ADJ.NNTY. KD, , 4 sy sssrassnsasnss

s ]
Prent US$),NY.ADI.NNTY.CD, 4 ryyrrnrsrsnsersns 2. 038+411,2) 206411 ,2) 326441 2] 2764412
capita (annual % growth) ,NY.ADJ.NNTY, PC. KD. ZG,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
capita (constant 2010 US$} NY.ADJ.NNTY.PC. KDy s s ssnnnasanansasasss

capita (current US$),NY.ADJ.NNTY.PC. CD, sssansansassansassasle 235+03 i’ 35E+03 1338
particulate emission damage (% of GnI)" yNY. AD]. SVNX. GN. ZS,,,,,,,,,,,,,,,,,3 i3e+01

particulate emission damage (current USS) SNYL ADT . SVNX.CDy sy s sasnsnssnsnssasasssss
particulate emission damage (% of GNI)",NY ADJ. SVNG. GN. zs,,,,,,,,,,,,........,,,,,
particulate emission damage (current US$)",NY.ADJ.SVNG.CD, rraas
damage (% of GNI),NY.ADJ.DCOZ.GN.ZS,,, s, ss,6.22E-01,6.77E-01,6. 79601 6. 89E-01,
damage CCUPTent USS) NY. ADI-DCO2.CD, 1,11 sasssssvsvssssrsssssssssssrssrstsess

fixe
fixed capital C(current US$) NY.ADJ.DKAP.CDy 4y ssnsssnasasansans

capital (% of GNI),NY.ADJ.DKAP.GN.Z5,,,,44s5454,0.44E+00,6. 25E+60,5 985+0ﬁ 6.

1ar
world,ARB,AdJjusted savings: education expenditure (% of GNI),NY.ADJ.AEDU.GN. ZS,,,,,,,,,,,3.93E+00,3 ESE+OO,3.?4E+UU 3! 90E+UU,
world,ARB,AdJjusted savings: education expenditure (current USS) NY.ADJ.AEDU.CD, 5y 5 sasansasassasasassasasssssssrsssssnsss
world,ARB,Adjusted savings: energy depletion (% of GNI),NY.ADJ.DNGY.GN.Z5,,,,,,,,,,,0.26E+00,8. 03E+00,8 41E+00,l 19e+01,2. 7E
world,ARE,AdjusTed savings: energy depletion CCUPFEnT USS),NY.ADI.DNGY.CD,1ussssssnsssnssssssssnsstsssnsnsssrsssnsssrsnns
world,ARB,Adjusted savings: gross savin?s (% of GNI),NY.AD].TICTR.GN.Z5,,,, 1551111 2222.9-26E+01,3.88E+01,3. 26 +01, 3. 856+01,4.
world,ARB,Adjusted savings: mineral depletion (% of GNI),NY.AD].DMIN.GN.Z5,,,,,,,,,,,9.61E-02,7.40E-02,6.27E-02

Figure 9

E-
02,1.05E-01, 526
:IJ

Figure 9 above shows the main file which is in the data set. WDI_Data is the largest file in
the folder and contains all the numerical values relating to the countries and indicators in
the given years. As it can be seen in the figure, there are many gaps within the data where
the data does not exist for those particular countries and indicators in certain years. It can
also be seen that the numbers are stored in exponent form so will therefore need to be
converted before they are used in the program.
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| WDLCS_Notes - Notepad o [=10E3|
File Edit Format View Help

CountryCode, SeriesCode, DESCRIPTION il
ABW,EG.EGY.PRIM.PP.KD, "Sources: Estimated based on UN Energy Statistics (2014); world Development Indicators, WDI (2014)"
ABW,EG. ELC.RNEW.Z5,5ources: UN Energy Statistics (2014)

ABW,EG.FEC.RNEW.Z5,50urces: UN Energy Statistics (2014)

ABW,IT.CEL.SETS,5ervicio di Telecomunicacion di aruba (SETAR). Directorate of Telecommunication affairs aruba
ABW,IT.CEL.SETS.P2,Servicio di Telecomunicacion di Aruba (SETAR). Directorate of Telecommunication Affairs Aruba

ABW, IT-MLT.MAIN,Servicio di Telecomunicacion di Aruba (SETAR). Directorate of Telecommunication affairs Aruba
ABW,IT.MLT.MAIN.P2,5ervicio di Telecomunicacion di aruba (SETAR). Directorate of Telecommunication Affairs Aruba
ABW,IT.NET.BBEND,Servicio di Telecomunicacion di aruba (SETAR). Directorate of Telecommunication affairs aruba
ABW,IT.NET.BBND.P2,Servicio di Telecomunicacion di Aruba (SETAR). Directorate of Telecommunication Affairs Aruba
ABW,S5M.POP.NETM,Data sources : United Nations world Population Prospects

ABW,SM.POP. TOTL,Estimates are derived from data on foreign-born population

ABW,SP.DYN. AMRT.FE,Data source : united Nations world population Prospects

ABW,SP.DYN.AMRT.MA,Data source : United Nations wWorld Population Prospects

ABW,S5P.DYN.CBRT.IN,Data sources @ United Nations world Population Prospects

ABW,SP.DYN.CDRT.IN,Data sources : United Nations world Population Prospects

ABW,SP.DYN.LEOO.FE.IN,Data sources : united Nations world population Prospects

ABW,SP.DYN.LEOD.IN,Derived using male and female 1ife expectancy

ABW,SP.DYN.LEQOO.MA. IN,Data sources : United Nations world Population Prospects

ABW,SP.DYN. TFRT.IN,Data sources : United Nations world Population Prospects

ABW,SP.POP.GROW,Data sources: united Nations world population Prospects

ABW,SP.POP.TOTL,Data sources : United Nations wWorld Population Prospects

ADO,BM. KLT.DINV.CD. WD, "Source: United Nations Conference on Trade and Development, Foreign Direct Investment Online database.”
ADO,SM. POP. TOTL,Estimates are derived from data on foreign population. Foreign population is people who are citizens of a country
ADO, SP.DYN.CBRT.IN,Data sources . EUrostat

ADO,S5P.DYN.CDRT.IN,Data sources : Eurostat

ADO, SP.DYN. TFRT.IN,Data sources : Eurostat

ADO, 5P.POP.GROW,Data sources: united Nations world Population Prospects

ADO,SP.POP.TOTL,Data sources : United Nations world Population Prospects

AFG,DT.DOD. DECT.CD, Long-term public and publicly guaranteed debt data for 2014 are based on reports provided by the country. Long-
AFG,EG.EGY.PRIM.PP.KD, "Sources: Estimated based on UN Energy statistics (2014); world Development Indicators, WDI (2014)"
AFG,EG.ELC.RNEW.ZS,50uUrces: UN Energy statistics (2014)

AFG,EG.FEC.RNEW.ZS5,50urces: UN Energy Statistics (2014)

AFG,IT.CEL.SETS,Ministry of Communications. Ministry of Communications & Information Technolog

AFG,IT.CEL.SETS.P2,Ministry of Communications. Ministry of Communications & Information Technu¥ugy
AFG,IT.MLT.MAIN,Ministry of Communications. ministry of Communications & Information Techno1og¥

AFG,IT.MLT.MAIN.P2 ,Ministry of Communications. Ministry of Communications & Information Technology
AFG,IT.NET.BEND,Ministry of Communications. Ministry of Communications & Information Technolog
AFG,IT.NET.BBND.P2,Ministry of Communications. Ministry of Communications & Information Technu¥ugy
AFG,NE.CON.PRVT.PP.CD,Estimates are based on regression

AFG,NE.CON.PRVT.PP.KD,Estimates are based on regression

K I

Figure 10

Figure 10 above shows WDI_CS_Notes which is a file with notes on the indicators for some
of the countries which is referenced by country code and series code. This is one of the files
which is not relevant and would have no use in the project.

" WDICountry - Notepad _1o| x|
File Edit Format View Help

fountry Code,Short Name,Table Name,Long Name,2-alpha code,Currency Unit,Special Notes,Region,Income Group,wWB-2 code,National accou a
ABW,Aruba,Aruba,Aruba,aw, Aruban florin,SNA data for 2000-2011 are updated from official government statistics; 1994-1999 from UN d
ADO,Andorra,andorra,Principality of andorra,ap,Euro,The base year has changed to 2000. price valuation is in basic prices.,Europe
AFG,aTghanistan,afghanistan,IsTamic state of afghanistan,Ar,afghan af?hani,FﬁscaT year end: march 20; reporting period for nationa
AGO,Angola,Angola,People’s Republic of Angola,AD,Angolan kwanza,"April 2013 database update: Based on IMF data, national accounts
ALB,Albania,Albania,Republic of albania,aAl,Albanian lek,,Europe & Central Asia,Upper middle income,AL,0riginal chained constant pr
ARB,Arab world,arab world,arab world,1A,,Arab world aggregate. Arab world is composed of members of the League of arab states.,,,1
ARE,United Arab Emirates,united arab Emirates,united Arab Emirates,aE,u.a.E. dﬁrﬁam,"Apri] 2013 database update: Based on data fro
ARG,Argentina,Argentina,Argentine Republic,AR,Argentine peso,"Argentina, which was temporarily unclassified in July 2016 pendﬁng r
there were two exchange rates (official and parallel) and parallel exchan?e rate (blue chip swap rate) was used in around 20% of t
ARM, Armenia,armenia,Republic of armenia,aMm,Armenian dram,,Europe & Central Asia,Lower middle income,AM,0riginal chained constant p
ASM,American Samoa,American Samoa,American Samoa,As,U.5. dollar,,East Asia & pacific,upper middle income,AS,,,,,,Country uses the
ATG,antigua and Barbuda,antigua and earbuda,antigua and Barbuda,ac,East caribbean dollar,"april 2012 database update: pased on off
AUS,Australia,Australia,Commonwealth of Australia,Au,Australian dollar,Fiscal year end: June 30; reporting period for national acc
AUT,Austria,sustria,Republic of Austria,AT,Euro,”A simple multiplier is used to convert the national currencies of EMU members to
AZE,Azerbaijan,azerbaijan,republic of Azerbaijan,Az,New Azeri manat,april 2012 database update: Natjonal accounts historical expen
BDI,Burundi,Burundi,republic of Burundi,sI,surundi franc,,sub-saharan africa,Low income,BI,2005,,value added at basic prices (vag)
BEL,Belgium,Belgium,kingdom of Belgium,BE,Euro,”A simple multiplier is used to convert the national currencies of EMU members to e
BEN,Benin,Benin,Republic of Benin,Bl,west African CFA franc,"Based on official government statistics, the new base year is 2007. P
BFA,Burkina Faso,Burkina Faso,Burkina Faso,BF ,West African CFA franc,,Sub-Saharan Africa,Low income,BF,1999,,value added at basic
BGD,Bangladesh,Bangladesh,pPeople’s rRepublic of Bangladesh,BD,Bangladeshi taka,Fiscal year end: June 30; reporting period for natio
BGR,Bulgaria,Bulgaria,Republic of Bulgaria,ec,Bulgarian lev,The new reference year for chain linked series is 2010. April 2011 dat
BHR,Bahrain,Bahrain,kingdom of Bahrain,BH,Bahraini dinar,Based on official government statistics; the new base year is 2010.,Middl
BHS,The Bahamas,"Bahamas, The",Commonwealth of The Bahamas,Bs,Bahamian dollar,,Latin America & Caribbean,High income,Bs,2006, ,valu
BIH,Bosnia and Herzegovina,Bosnia and Herzegovina,Bosnia and Herzegovina,BA,Bosnia and Herzegovina convertible mark,Based on offic
BLR,Belarus,Belarus,Republic of Belarus,Bvy,Belarusian rubel,"In July 2016 a new Belarusian ruble was introduced, at a rate of 1 ne
BLZ,Belize,Belize,Belize,BZ,Belize dollar,,.Latin America & caribbean,upper middle income,Bz,2000,,value added at basic prices (vae
BMU,Bermuda,Bermuda, The Bermudas,BM,Bermuda dollar,,North America,High income,BM,2006,,value added at basic prices (vaB),,,Country
BOL,Bolivia,Bolivia,Plurinational State of Bolivia,B0,Bolivian Boliviano,,Latin America & Caribbean,Lower middle income,B0,1990,,V
BRA,Brazil,Brazil,Federative Republic of Brazil,er,Brazilian real,"Based on official government statistics, the new reference year
BRE,Barbados,Barbados,Barbados ,BB,Barbados dollar,,Latin america & caribbean,High income,s8,1974,,value added at producer prices (
BRN,Brunei,Brunei Darussalam,Brunei Darussalam,BN,Brunei dollar,,East Asia & Pacific,High income,BN,2000,,value added at producer
BTN,Bhutan,Bhutan,kingdom of Bhutan,BT,Bhutanese ngultrum,April 2013 database update: Data were updated using the government of Bh
BWA,Botswana,Botswana,Republic of Botswana,Bw,Botswana pula,'Fiscal year end: March 31; reporting period for national accounts dat
cAF,Central african Republic,central african Republic,central african republic,cF,Central African CFA franc,The base year has reve
CAN,Canada,Canada,Canada,ca,Canadian dollar,Fiscal year end: march 31; reporting period for national accounts data: Cv.,North Amer
CEB,Central Europe and the Baltics,Central Europe and the Baltics,Central Europe and the Baltics,BB,,Central Europe and the Baltic
CHE,Switzerland,Switzerland,Switzerland,CH,swiss franc, ,Europe & Central Asia,High income,CH,0riginal chained constant price data
CHI,Channel Islands,channel Islands,channel Islands,,Pound sterling,,Europe & Central Asia,High income,JG,2003,2007,value added at
CHL,Chile,chile,republic of chile,cL,chilean peso,,Latin America & caribbean,High income,cL,2008,,value added at basic prices (vae
CHN,China,China,People’s Republic of China,CN,Chinese yuan,"on 1 July 1997 China resumed its exercise of sovereignty over Hong Kiir—

KN |

Figure 11

Figure 11 above shows the final file in the downloaded folder, WDI_Country. This file
contains a list of all of the countries and aggregates which are included in the data set.
There are over 200 countries and indicators which are used. Each country has a shortened
country code which, as shown in the figures above, is referred to from within other files.
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There is also a short name, table name, long name, 2-alpha code, currency unit as well as
lots of other information about the country’s population and economy. This file is
particularly useful as it contains a list of all of the countries which is repeated only once
unlike in figure 9, the data file, where each country is repeated for each indicator before
moving on to the next country.

IPSO Chart
Here is an IPSO chart showing how the data will move around throughout the system.

Input

Process
* World Bank Data Catalog e Extract relevant data
e Perform data correlation
algorithm
Storage Output
e Poverty indicators data e Isthe data correlated?
e Result of data e Graph of data plotted
correlation against each other
e Relevant data for
individual indicators

Ways of calculating correlation

There are multiple ways of calculating correlation and | plan on using multiple formulae to
verify each of the correlations. The methods/formulae displayed below are taught in A level
maths as part of statistics 1 which | am currently learning.

1. Product-moment correlation coefficient is calculated using the formula

Sy - D)

Y -5 (50 - )

where

= 3y - EOE)

n
2
o= Y o ED
2
Sy = 3ye - @V
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Sxy

Sex-Syy

T =

2. Pearson’s product-moment correlation coefficient, denoted r, will give values between
+1and-1. Whenr= 1 (x, y) will lie close to a point with a positive gradient, when r =
—1, points will lie close to a line with a negative gradient.
r=1 strong positive correlation
r=0 x and y unconnected
r= —1 strong negative correlation

Spearman’s rank-order correlation involves ranking the data into order and then uses the
tied ranks for the two sets of data to perform the calculation. Potentially ranks could be tied
and there is a variation in the formula when this occurs.

63 d}
p ==
nnz —1)

Where di = difference in paired ranks and n = number of cases

5 e il —x)(y; —¥)
VZil —%)2 Xy — 7)?

Where i = paired score

Linear and Nonlinear Correlation

Correlation is said to
y-axis y-axis be linear if the ratio of
change is constant. If
all the points on the
scatter diagram tends
to lie near a line which
look like a straight
line, the correlation is
said to be linear.

0 x-a\is o x-axis

Linear Correlation Non Linear Correlation Correlation is

nonlinear is the ration
of change is not constant. Often in this case the correlation on a scatter diagram would be
curved.

In this project, non-linear correlation would not be picked up as the Pearson’s correlation
coefficient would be most likely to result in a number close to 0 showing that there is no
clear correlation.
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Useful Indicators

From the research, | have done | can see that the most useful indicators to use include one
economic indicator and another that is non-economic. This way it enables a comparison to
be made between the economic state of a country and whether they have necessities such
as electricity, clean water or have access to an education. | also think that the user should be
able to choose which indicators they would like to correlate between as there are many to
choose from and only some of them the user will be interested in. This will also enable it to
be used by other users potentially for other purposes.
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Requirements
1. Datafile is accessed
1.1. Text file holds the memory locations of data, series and country csv files
1.2. File locations text file is iterated over to match corresponding files
1.3. Countries file is accessed
1.3.1. File containing countries information is parsed
1.3.2. Each country is extracted from the file and input into an abstract data type
1.4. Series file is accessed
1.4.1. File containing information about indicators is parsed
1.4.2. Each indicator is extracted from the file and input into an abstract data type
2. User selection
2.1. User is shown a list of options for what can be correlated
2.1.1. The user must only be able to select one of these options
2.2. User is shown a list of every country and every indicator in check lists
2.3. User is able to select a country/countries and an indicator/indicators to correlate
together
2.3.1. For option one the user is able to select one country and two indicators only
2.3.2. For option two the user is able to select two countries and one indicator only
3. Extraction of data points
3.1. The data file is opened from the memory location held in the files location text file
3.2. Thefile is iterated over until the selected country and indicator pairing is found, this
will occur twice to obtain both data sets
3.3. The values for each of the years are stored in a list for that specified data set
3.3.1. The values are converted from an exponent into the correct double data type
3.4. The data sets are compared and empty values are removed so that only pairs of
data that exist are kept in the data set
4. Calculate correlation
4.1. Correlation calculations stored as individual functions
4.2. Pearson’s product-moment correlation coefficient is able to be calculated
4.2.1. The values are input into the correct part of the formula
4.2.2. Calculation gives out a valid answer
4.3. Spearman’s rank-order correlation is able to be calculated
4.3.1. The values are input into the correct part of the formula
4.3.2. Calculation gives out a valid answer
4.4. Data input from the data sets from extraction of csv file into formula
4.5. Calculates strength of correlation
4.6. Numerical values from each calculation are stored for future use in the final report
5. Output report to user
5.1. Data sets extracted from the file are plotted on the graph
5.2. Graph is plotted accurately using the coordinates
5.3. Graph is displayed to the user with fully labelled axis with the countries and
indicators
5.4. Description of the graph is presented along with the graph
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5.4.1. Key features of the graph and correlation calculation are noted
5.4.2. Gaps filled in for specific data
5.4.3. Sentences for each feature are output to the user

Eleanor Taylor 3572
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Design
VB Forms has been chosen as the language for producing the program. This is because
forms can be easily manipulated for their graphical output without much difficulty. VB.net
can be used to control, edit and maintain forms and also allows for the reading and writing
of text files which is necessary in order to be able to read

Prototype

Use data that is in the world development indicator data set to confirm the calculation
works by testing a known correlation. The prototype will need to test all the types of
calculation which will be used. The prototype will need to have much of the functionality
that is required of the final solution. This is so that each part of the solution can be tested
and each part of the solution needs to work because subsequent elements are reliant on
previous results. The interface for the prototype need not be too complex as long as it is
functional.

Key features of the prototype are that is must be able to produce an accurate result for the
Pearson’s correlation calculation to prove a known correlation and it must be able to plot an
accurate graph for these results.

Process

Input data from CSV

File to be downloaded and stored on the computer locally so that the data can then be
extracted from the file. The original file come from this url:(http://data.worldbank.org/data-
catalog/world-development-indicators) and is downloaded as a zipped folder which
contains 7 csv files. The primary file that is used for the actual data is called "WDI_data.csv".
As it is shown in the series of figures on the World Bank Data it can be seen that in figure 9,
the WDI_Data file, to iterate over the entire file to extract an entire list of countries and
indicators would be inefficient as it contains over 300,000 lines. Therefore two other files
are to be used in order to generate lists of countries and indicators without having to iterate
over the entirety of the data file. The file for countries is “WDI_country” and the file for
indicators is “WDI_series”. Both of these files are in the original zipped file which is
downloaded from the World Bank website. In each of the files, each indicator and country
name exists only once on each line and it is therefore much quicker and more efficient to
iterate over these files rather than the main data file.

The data file locations are initially retrieved from .txt file where they each exist on different
lines and then are matched up to their corresponding variable.

Parsing of data

There are parsing libraries that are available to use in VB.net which will be made use of to
extract the data. In order to do this the TextFieldParser class in VB.net will be used. This
allows delimiter types to be set as opposed to splitting lines of text individually at the
commas. An example line of text from the csv file shows that there are commas within the
items and therefore that item is surrounded by quotation marks. The string.split() method
would not allow for this as easily as the TextFieldParser would.
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The data will be read line by line and split as it is delimited by commas. The structure of
each line is the same for each and therefore can be easily stored in abstract data types. The
first line of the file shows that the lines are split as follows:
CountryName,CountryCode,IndicatorName,IndicatorCode,1960,1961,1962,1963,1964,1965,
1966,1967,1968,1969,1970,1971,1972,1973,1974,1975,1976,1977,1978,1979,1980,1981,19
82,1983,1984,1985,1986,1987,1988,1989,1990,1991,1992,1993,1994,1995,1996,1997,1998
,1999,2000,2001,2002,2003,2004,2005,2006,2007,2008,2009,2010,2011,2012,2013,2014,2
015,2016. Each line of text can easily be split into a list of strings and then matched by index
to a list of the first line to know what that particular element is and then how to put it into
the abstract data types.

There are to be two main abstract data types as classes: Country and Indicator both of
which will inherit common variables in order to make the program as efficient as possible.
Country and Indicator will both inherit from Value and Value will hold variables for the
name and the code associated with either the instance of country or the instance of
indicator. Inheritance enables Country and Indicator to not be identical and in addition,
extra variables and procedures are able to be added if necessary.

They could be stored in two lists of lists called country and indicator. Each list will contain
lists of their corresponding abstract data types. For example, country would have
approximately 300,000 lists each of the lists would contain 56 elements, one for each year
and each of the elements being an instance of country holding the name, year and most
importantly value. The list of lists for indicator will essentially mirror that of country
however instead of holding the country name it will hold the indicator name. This will
enable indexing to be used to connect the lists together when retrieving the values to plot
for the graph.

While the file is initially iterated over, each of the country names and indicator names will
be stored in separate lists in order to keep track of how many there are and to make it
easier to put them into the checkedlistboxes for user selection.

Alternatively, the values are not all extracted and the only values that are extracted aren’t
retrieved from the data file until the user has selected which data they would like to view.
This would be much more efficient and the entire file would not necessarily have to be
iterated over. The user selection would be carried out (as described below) and then the
data file would be iterated over until the pairing of indicator and country are found. The
length of time this would take would vary dramatically. For example, if the user had selected
two indicators from the Arab World this would be very quick as the Arab World is the first
country/aggregate that appears in the file, however if the user were to select two indicators
from Zimbabwe this would be much slower as virtually the entire file would have to be
iterated over in order to retrieve that selected data. Once the pairing has been found, the
values for each year are inserted into a list. This process is repeated for the second pairing
so that the length of the lists are the same and the indexes match the years for the data.

There are many data points missing from the data set as the values do not exist in the file.
This will have to be dealt with in order to ensure that a graph can still be plotted or
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alternatively a message is displayed that the data does not exist for the selection which has
been made by the user. In order to deal with missing data points, a flag value can be used to
represent the missing value or else nothing will be input into the data set list. For example,
-99.99 could be used. This way both lists of data points will initially be the same length.
These can then be iterated over together to check if the either or both values held in the
same index of each list are -99.99 and that way it is known that they can be removed from
the lists. This ensure that only valid data points are plotted on the graph and used in the
correlation calculations.

User selection

There are three ways to correlate within the data so the user initially will be shown a
welcome screen form and then depending on which type of correlation they would like to
view, they are shown a corresponding form window. The forms will have to be different as
they give instructions as to how many selections are to be made. Each form will also allow
the correct amount of selections to be made in each checkedlistboxlist. Validation must be
used to ensure that the correct number of boxes are selected at any one time. The best way
to do this would be to use a Try Catch which would ensure that the correct number of
selection are made before the next form is opened.

The initial form will only take one input of the user selection for which type of correlation
they would like to view. The best method to do this would be to use radio buttons as
opposed to checkedlistboxes. Radio buttons only allow one selection to be made at any one
time and as soon as another radio button is selected, the button that was originally selected
is deselected.

This process is displayed visually in the HCl section of design in figures 14-20.

Calculations to be carried out

Calculations should be stored as functions so that they can be called multiple time for
various sets of data. These will then be called when the user has selected which inputs to
use in the calculation. The data sets which have been retrieved from the data file will be
passed into the function as lists of double and then the calculations will be carried out on
the data sets.

Pearson’s and Spearman’s have been chosen as they are the most commonly used
correlation calculations. The other calculations that have been researched could be added at
a later date however the chosen two are used widely at a high level and are therefore
appropriate for this project.

When calculating Pearson's correlation, the result will be verified as the result of the
calculation must be between —1 and +1 so if the result given from the calculation is outside
these boundaries there has been an error in the process.

Spearman’s rank correlation is more complex than Pearson’s product-moment correlation
as the data needs to be sorted into ascending order before any correlation calculation can
be carried out. This could be done in a number of ways. Firstly there could be two functions:
one which holds the spearman’s rank correlation calculation formula and another function

23
Eleanor Taylor 3572 64415



which sorts the data into order. Alternatively they could both be combined together within
one function which carries out the correlation and the sorting in one go. The data must be
sorted either way and this can be done in a number of ways as well. There are a number of
sorting algorithms two of which are taught in the decision one module of A Level Maths.

Bubble sort makes multiple passes through a list. It compares adjacent items and exchanges
those which are out of order. Each pass through the list places the next largest value where
it should be located.

First pass
-

o4 26 a3 17 7 3 44 55 20 Exchange

26 54 a3 17 7 3 44 55 20 Mo Exchange

26 54 93 17 77 31 44 55 20 Exchange

26 54 17 93 I 31 44 55 20 Exchange
S

26 54 17 77 93 31 44 55 20 Exchange
S

26 | 54 17 | 77 | 31 93 | 44 | 55 | 20 Exchange

e —
26 | 54 17 | 77 | 31 44 | 93 | 55 | 20 Exchange
26 54 17 77 31 44 55 93 20 Exchange
e e e e e e e e
26 54 17 77 i 44 56 20 a3 93 in place
after first pass

Figure 12

Figure 12 shows the first pass of an example bubble sort and shows how the largest
number, 93, is placed at the end of the row as the highest value.

Bubble sort is often considered to be the most inefficient sorting method since it must
exchange items before the final location is known. The sort can take a long time as the
algorithm must pass over every item in the list unless it is modified so that if on one pass no
exchanges are made the sort must be complete as no changes have been made.

A more efficient alternative sorting algorithm to use as opposed to using the bubble sort
algorithm would be the quick sort algorithm. The quicksort algorithm uses pivots to split the
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list into successively smaller subsists. Each element in the sub list is then compared to the
limit and then put on the correct side of the pivot depending on whether the list is being
sorted into ascending or descending order. The pivot is always the middle element if the
number of items in the list is odd however if the number of items in the list is even, out of
the middle two elements in the list, select the element on the right to use as the pivot. The
algorithm is stopped once all of the elements in the list have been chosen as pivots.

eg1 sort 7 3 8 4 (2) 1 5 9 &

Figure 13

Figure 13 above shows an example of an entire quick sort. Both this example in figure 13
and the example in figure 12 shows sorts of lists containing 9 elements. The bubble sort
example in figure 12 shows one pass which only sorts one element into the correct location
where as figure 13 shows the entire sort and that the quick sort is much more efficient and
quicker to carry out.

Quick sort algorithm is considered to be much more efficient than bubble sort as multiple
elements in the list can be placed in the correct location on any one pass therefore the list is
not iterated over as many times, thus making it more efficient to sort.

Results plotted on a graph

The data sets, once they have been filtered through, are then used to represent coordinates
to be plotted on a graph. These are to be plotted on a scatted graph in order to best show
any correlation visually and then output to the user on the final form. There are more
details on how this can be carried out in the Output and Graphing sections below.

25
Eleanor Taylor 3572 64415



Class Diagram

Correlations

Values

+ PearsonsCorrelation : return r
+ SpearmansCorrelation : return p
+ Quicksort{list : list of decimal, min : i

- code : string
- name : string

nteger, max : intege\)

Option3

Label
Label

- CountriesInstructions :
- Indicatorsinstructions1 :
- CountriesInstructions2 : Label
- Indicatorsinstructions2 : Label
+ OpThreeCountries : CheckedListBox
+ OpThreelndicators : CheckedListBox

WeleomeForm

- NextButton : Button

Country
+ OptionThree : Analysis

Graphs

- NextButtanClick{)

- OptionOneSelection : RadioButton

- OptionTwoSelection : RadioButton
- OptionThreeSelection : RadioButton
- WelcomeText : Label

- NextButton : Button

- Indicator
- countrya : string

- countryb : string

| - Option3_Load()

- indicatora : string
- indicatorb: string

- plotsetx : list of double

- NextButtonClick()
- WelcomeForm_Load()

- plotsety : list of double

Analysis

+ GraphDescripfion : label
+ GraphOutput : chart

+ ChangeText()

+ graphs_load()
+ Newl()

Option2

- CountriesInstructions : Label
- Indicatorsinstructions : Label
+ OpTwoCountries : CheckedListBox
+ OpTwolndicators : CheckedListBox

Option1

- NextButton : Button
+ OptionTwo : Analysis

+ Countries : list of country

- countriesfilelocation : string
- datafilelocation : string

+ datasetx : list of double

+ datasety : list of double

+ finalsetx : list of double

+ finalsety : list of double

+ Indicators : list of indicator
- indicatersfilelocation : string
- selectedcountries : list of string
+ selectedcountrya : string

+ selectedcountryb : string

+ selectedindicator : string

+ selectedindicatora : string

+ selectedindicatorb : string

- CountriesInstructions : Label

- IndicatorsInstructions : Label

+ OpOneCountries : CheckedListBox
+ OpOnelndicators : CheckedListBox
- NextButton : Button

+ OptionOne : Analysis

- NextButtonClick{)
- Option2_Load()

- NextButtanClick()
- Option_Load()

+ New()

+ CheckLists(checklist : checkedlistbox, max : integer)
+ GenerateCountriesList{)
+ GenerateData(indicator : string, country : string)

+ GeneratelndicatorsList()

+ GenerateLists()

+ Removelnvalid(datasetx : list of double, datasety ! list of double, finalsetx : list of double, finalsety : list of double)

]

Pseudocode

Pearson’s product-moment correlation calculation

sum_sq_x=0
sum_sq_y=0

sum_coproduct =0

mean_y = y[1]
foriin2toN:
sweep = (i - 1.0)

mean_x = x[1]

/i

delta_x = x[i] - mean_x
delta_y =yl[i] - mean_y

sum_sqg_x +=de
sum_sqg_y +=de
sum_coproduct
mean_x +=
mean_y +=
pop_sd_x
pop_sd_y

sgrt( s

Ita_x * delta_x * sweep
Ita_y * delta_y * sweep
+=delta_x * delta_y * sweep

delta_x /i
delta_y /i
sqrt( sum_sq_x)

um_sq_y)

Cov_Xx_y = sum_coproduct
correlation = cov_x_y / (pop_sd_x * pop_sd_y)

Bubble sort algorit

hm

Function bubblesort (var a as array)

Eleanor Taylor
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Forifrom1toN
ForjfromOtoN -1
If a[j] > a[j+1]
Swap (a[j], alj+1])
End function

Quick sort algorithm

Sub Quicksort(A as array, low as int, high as int)
If (low<high)
Pivot_location = Partition(A as array, low as int, high as int)
Quicksort(A,low,pivot_location)
Quicksort(A, pivot_location,high)
End Sub

Function Partition(A as array, low as int, high as int)
Pivot= A[low]
Leftwall = low
Fori=low + 1 to high
If (A[i] < pivot) then
Swap(A[i], A[leftwall])
Leftwall = leftwall + 1
Swap(pivot,A[leftwall])
Return leftwall
End function

Storage

The data which will be used for the correlation calculations will be extracted from World
Bank as a CSV file so one way of storing this data would be to put it into a database. | don’t
believe that using a database would be the best option because there is not an excessive
amount of data to store. The CSV file size is 51,194 KB.

The data in the CSV file will need to be parsed into a list of lists so that it can be stored
within the program. The structure | intend to use is below. This is a good way to store the
data so that it can be retrieved easily to be put into calculations.

List [Years]
[(Abstract Data Type) Country]
[Indicator, Value]

The calculation formulas will be stored as functions so that they can be called upon multiple
times throughout the code.

The program would also need to store the generic text output for the report at the end
which will depend on the calculation values.
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HCI (Human Computer Interface)
There are two main option for displaying the user interface, both of which use Windows
Forms.

The user will need to be able to see the options for the indicators to select and options for
which type of correlation they want to see. One option for this process could be to use VB
forms so that the user presses buttons that clearly display what each option will do. In this
method, there is the potential for dropdown menus to be used to display all of the
indicators. VB Forms would provide a simple interface for the user to be able to easily select
exactly what they would like to see correlated. As shown in the figure below, the user can
select check boxes to be select specifically which indicators, years and countries they wish
to view correlated.

| believe that creating a graphical interface will be the best way for the user to be able to
select which indicators they wish to view. There are a limited number of options for what
can be correlated together so visually these can be easily represented.

o] Form1 | S|
2 Indicators in One Year | || 1960 ]
] 1961
1562
1 Indicator 1 Courntry Ll
aver Time [] 1363
] 1964
] 1965
1 Indicator over 1 Year [] 1966 W 1
[] GDP growth {anr A [] Azerbaijan A
[] GDP {cument US [ ] Belgium
[ ] GOP per capita f [ ] Canada
[] Exports of goods (] Denamrk
[] Foreign direct inv [] Estonia
[ ] GMI per capita, F » [] Finland Y
4
Figure 14
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100 * Series]

a0 ]

&0

40 )

Figure 15

An alternative to only having one form with all the option on would be to have a series of
forms that follow a welcome screen. The welcome screen would allow the user to select
which type of correlation they would like to carry out and the following form would then be
able to show a full list of countries and indicators and then only allow the user to select the
correct number of each from their original selection from the first form. This method is
more structured and guides the user more clearly through the process. It would be easier as
less verification would be needed to know what the user is trying to do. The figures below
show examples of how the series of forms would look depending on the user’s original
selection.
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o=l Welcome

Welcome to the World Bank Data Comelator. This
program allows you to pair together indicators and
countries from the Word Bank data series and
comelate them together. Select one button from the
list below and then select "Next”to continue.

(") One country with two different indicatars
(O) One indicator with two different countries
() Two different countries paired with two indicators

=8 fon ==

- O >

Select one indicator

[ Agricuttural man 4,
[ Fertilizer consu
[ Fertilizer consu
[ Agricuttural lar
[ Agricuttural lar
[ Arable land fhe »

Select one indicator

[ Agricultural man a
[ Fertilizer consu
[ Fertilizer consu
[ Agricuttural lar
[ Agricuttural lar
[ Arable land he »

Nexd
(]
Figure 16
sl Option 3
o Option? - O % 5 Option2 - O X puen
el el he ket beb Select one country
Select one country from the list below £ SR ELITES e KIS E :I Auba -~
] Arba S [] Anba [ [] Andoma
[] Andora ] ’”‘“dD"E_' [ Afghanistan
- [[] Afghanistan [ Angola
[] Afghanistan g
[] Angola [] Angola v| |0 Abania
] Albaria v [1 Asb Wodd  w
Select ane indicator from the list below Select =
Select two indicators from the list below [ Agricultural machinery, tractors N = ENUE;HE Sy
[ Agricultural machinery, tractors - [ Fertilizer consumption (% of fertilizer production O And a ()
[ Fertilizer consumption {3 of ferilizer productio [] Fedtilizer consumption (kiograms per hectare of | i thE'lst
[ Fertilizer consumption {kilegrams per hectare [ Agricuttural land (sq. km) O ,&,—? El""' an
(] Agricuttural land (sg. km} [ Agricuttural land (% of land area) v O Nbgo?
[ Agricultural land {% of land area) W E f-\.laabn‘I;orId "
Mext
Mext
Figure 17 Figure 18 Figure 19
o grphs e e
100 = Seriesl
a0
60
40
20
0
1 3 5 7
2 4 ] 8
u}
Figure 18
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Input

The CSV file will need to be extracted from World Bank. The file will be downloaded locally
to ensure that it can always be accessed. An alternative way to retrieve the file would be to
download it by the user inputting the URL of the webpage where the file is stored and then
the file being stored and accessed from where it has been downloaded to. However, the file
is updated regularly and there is the potential that it could be relocated to another URL so it
may not be as easy to access it. Another issue with this method is that the file is
downloaded as a zipped folder and therefore would have to be unzipped before it could be
used to access the data. This process is time consuming for the program as the zipped folder
is still large and would take time to download and unzip so it is much more efficient to have
the file already downloaded. The user will also be able to select specifically which countries
they would like to see. They may not wish to view every country all the time if they are
viewing one indicator over time so they will need to be able to select which countries they
wish to view specifically and there will be an option for showing all of the countries
together.

The first user input will be made in the first form where they select one of the radio buttons
depending on which correlation they would like to view. This process is easy to validate as
only one radio button can be selected at any one time so as long as one radio button is
selected the program will be able to continue.

The users input for country and indicator will need to be verified to ensure that they are
selecting the correct number of checkedlistboxes. The best way to do this would be to use a
try catch which would enable exceptions and the next form will not be displayed until the
correct number of selection have been made.

Output

There will be a visual output to the user to indicate the type of correlation to the user. The
type of correlation will either be positive or negative and the strength of correlation should
also be shown.

For example, the faces below could indicate the strength of positive correlations. The larger
smile on the left would indicate a very strong, or perfect, correlation and the smaller smile
on the right would indicate a weaker, yet still positive, correlation.

Alternatively, to indicate negative correlation, faces such as the ones below could be used to
show the strength.

A key must be displayed to the user so that they know what each of the faces mean and
what strength they indicate in relation to other faces.
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The strength of the correlation could be summarised into a description which is output to
the user on the final screen. Within the description should be the numerical value from the
Pearson’s correlation calculation as well as a value for Spearman’s rank correlation as well.

The main output after the user selection process will be a final form which displays a graph
that plots all the points for the selected countries and indicators to give a graphical display
of how the results are related. The graph could either be a straightforward scatter graph or
alternatively it could be a line graph. However, a line graph may not be the best way to
show the relationship between the two sets of data particularly if the data is unrelated then
the lines will be all over the graph showing no distinct relationship.

A chart can easily be produced in VB.net and it is simple to manipulate the chart type and to
input the points in order for the actual graph to be produced and displayed. The chart can
exist in its own form and displayed after the other forms that have preceded it.

Graphing

One method which could be used to display a result to the user would be to plot the data on

a graph. This would enable the user to see a visualisation of the potential correlation. The

output would
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Figure 19

form a line.

A graph can easily be produced in VB.net particularly in forms where it can easily be
manipulated to add points and change the chart type. The graph can exist on its own within
its own form and the only changed that need to be made from initialisation is the plotting of
the points which are input as two lists or arrays with a set of values that can be plotted.

As part of the graphs, the axis will need to be labelled with the correct indicators, country or
year depending on which ones are being correlated. These variables are easily accessed in
order to be able to change them to the selected indicators and countries. Individual points
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could be labelled however this would overcomplicate the appearance of the graph and
distract away from the correlation that is being shown.

Along with the visualisation of a graph there will be a brief description of the correlation to
go with it. This will be a set of generic sentences that are stored potentially as a list of lists
or alternatively in a dictionary or in their own class. The sentences will describe how the
graph looks visually and the types of correlation that are shown. Specific values are to be
input into spaces so that they are relevant to the specific graph and correlation shown and
they will be varied depending on what correlation is being shown.

33
Eleanor Taylor 3572 64415



Technical Solution

Imports System
Imports Microsoft.VisualBasic.FilelIO.TextFieldParser
Imports System.Globalization
Imports System.IO
Imports System.Globalization.NumberStyles
Public Class WelcomeForm
Private Sub WelcomeForm_Load(sender As Object, e As EventArgs) Handles
MyBase.Load
End Sub
Private Sub Buttonl Click(sender As Object, e As EventArgs) Handles
NextButton.Click

Try
If OptionOneSelection.Checked And OptionTwoSelection.Checked = False
And OptionThreeSelection.Checked = False Then
Optionl.Show()
Me.Close()
End If
If OptionTwoSelection.Checked And OptionOneSelection.Checked = False

And OptionThreeSelection.Checked = False Then
Option2.Show()
Me.Close()
End If
If OptionThreeSelection.Checked And OptionTwoSelection.Checked = False
And OptionOneSelection.Checked = False Then
Option3.Show()
Me.Close()
End If
Catch ex As Exception
Console.WriteLine(ex.Message)
Console.ReadLine()
End Try
End Sub
End Class
Public Class Analysis
Public Indicators As New List(Of Indicator)
Public Countries As New List(Of Country)
Public selectedindicator, selectedcountrya, selectedcountryb,
selectedindicatora, selectedindicatorb As String
Private selectedcountries As New List(Of String)
Public datasetX, datasetY, finalsetx, finalsety As New List(Of Double)
Private previous As Integer
Private datafilelocation, indicatorsfilelocation, countriesfilelocation As
String
Public Sub New(ByVal filelLocationPath As String)
Dim lines As New List(Of String)
Using r As StreamReader = New StreamReader("filelocations.txt")
Dim line As String
line = r.ReadlLine
Do While (Not line Is Nothing)
lines.Add(line)
line = r.ReadLine
Loop
End Using
Dim linecount As Integer = ©
For Each item In lines
If linecount = 1 Then
Me.datafilelocation = item
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ElseIf linecount = 2 Then
Me.countriesfilelocation = item
ElseIf linecount = 3 Then
Me.indicatorsfilelocation = item
End If
linecount += 1
Next
End Sub
Public Sub GenerateCountriesList()
Dim afile As FileIO.TextFieldParser = New
FileIO.TextFieldParser(countriesfilelocation)
Dim CurrentLine As String()
Dim firstline As String
Dim firstlinearray As String()
firstline = afile.ReadlLine()
firstlinearray = firstline.Split(New Char() {","c})
afile.TextFieldType = FileIO.FieldType.Delimited
afile.Delimiters = New String() {","}
afile.HasFieldsEnclosedInQuotes = True
Do Until afile.EndOfData = True
CurrentLine = afile.ReadFields()
Dim newcountry As New Country
newcountry.name = CurrentLine(2)
newcountry.code = CurrentLine(9)
countries.Add(newcountry)
Loop
End Sub
Public Sub GenerateIndicatorsList()
Dim afile As FileIO.TextFieldParser = New
FileIO.TextFieldParser(indicatorsfilelocation)
Dim CurrentLine As String()
Dim firstline As String
Dim firstlinearray As String()
firstline = afile.ReadlLine()
firstlinearray = firstline.Split(New Char() {","c})
afile.TextFieldType = FileIO.FieldType.Delimited
afile.Delimiters = New String() {","}
afile.HasFieldsEnclosedInQuotes = True
Do Until afile.EndOfData = True
CurrentlLine = afile.ReadFields()
Dim newindicator As New Indicator
newindicator.name = CurrentLine(2)
newindicator.code = CurrentLine(®)
Indicators.Add(newindicator)
Loop
End Sub

Public Sub CheckLists(ByVal checklist As CheckedListBox, ByVal maximum As

Integer)
Try
Dim count As Integer = ©
For Each chkbox In checklist.Items
If chkbox.selected Then
count += 1
End If
If count > maximum Then
Exit For
End If
Next
Catch ex As Exception
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Console.WritelLine(ex.Message)
Console.ReadLine()
End Try
End Sub
Public Sub GeneratelLists()
GenerateCountriesList()
GenerateIndicatorsList()
End Sub
Public Function GenerateData(ByVal indicator As String, ByVal country As
String)
Dim afile As FileIO.TextFieldParser = New
FileIO.TextFieldParser(datafilelocation)
Dim CurrentRecord As String()
Dim firstline As String
Dim firstlinearray As String()
Dim values As New List(Of Double)
firstline = afile.ReadlLine()
firstlinearray = firstline.Split(New Char() {","c})
afile.TextFieldType = FileIO.FieldType.Delimited
afile.Delimiters = New String() {","}
afile.HasFieldsEnclosedInQuotes = True
Dim found As Boolean = False
Do Until afile.EndOfData = True Or found = True
Try
CurrentRecord = afile.ReadFields()
If CurrentRecord(®) = country And CurrentRecord(2) = indicator
Then
For x = @ To 55
Dim newvalue As Double
If Double.TryParse(CurrentRecord(x + 5),
NumberStyles.AllowExponent Or NumberStyles.AllowDecimalPoint) Then
newvalue = Double.Parse(CurrentRecord(x + 5),
NumberStyles.AllowExponent Or NumberStyles.AllowDecimalPoint)

Else
newvalue = -99.99
End If
values.Add(newvalue)
Next
found = True
End If

Catch ex As Exception
Console.WritelLine(ex.Message)
Console.ReadLine()
Continue Do
End Try
Loop
Return values
End Function
Public Sub RemoveInvalid(ByRef datasetx As List(Of Double), ByRef datasety As
List(Of Double), ByRef finalsetx As List(Of Double), ByRef finalsety As List(Of
Double))
For x = @ To (datasetx.Count() - 1)
If datasetx(x) <> (-99.99) And datasety(x) <> -99.99 Then
finalsetx.Add(datasetx(x))
finalsety.Add(datasety(x))
End If
Next
End Sub
End Class
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Public Class Indicator
Inherits Values
End Class
Public Class Country
Inherits Values
End Class
Public Class Values
Public name As String
Public code As String
End Class
Public Class Correlations
Function PearsonsCorrelation(ByRef firstset As List(Of Double), ByRef
secondset As List(Of Double))
Dim sxx, SsXy, Syy, r, SX, Sy, SXxsq, sysq, ssxy As Double
For x = @ To firstset.Count() - 1
sx += firstset(x)
sxsq += firstset(x) * firstset(x)
ssxy += firstset(x) * secondset(x)
Next
For y = @ To secondset.Count() - 1
sy += secondset(y)
sysq += secondset(y) * secondset(y)
Next
sxy = ssxy - ((sx * sy) / firstset.Count())
sxx = (sxsq - ((sx * sx) / firstset.Count()))
syy = (sysq - ((sy * sy) / secondset.Count()))
r = (sxy / (Math.Sqrt((sxx * syy))))
Return r
End Function
Function SpearmansCorrelation(ByRef firstset As List(Of Double), ByRef secondset As
List(Of Double))
Dim firstcopy, secondcopy As New List(Of Double)
Dim firstrank, secondrank As New List(Of Integer)
Dim d As New List(Of Double)
Dim dsq, p, diff As Double
firstcopy = firstset
secondcopy = secondset
Quicksort(firstcopy, 0, firstset.Count() - 1)
Quicksort(secondcopy, ©, secondset.Count() - 1)
For x = @ To firstset.Count() - 1
For y = @ To firstcopy.Count() - 1
If firstset(x) = firstcopy(y) Then
firstrank.Add(y)
End If
Next
Next
For x = @ To secondset.Count() - 1
For y = @ To secondcopy.Count() - 1
If secondset(x) = secondcopy(y) Then
secondrank.Add(y)
End If
Next
Next
For x = @ To firstset.Count() - 1
If firstrank(x) >= secondrank(x) Then
diff = firstrank(x) - secondrank(x)
Else
diff = secondrank(x) - firstrank(x)
End If
d.Add(diff)
Next
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For x = @ To d.Count() - 1
dsq += (d(x) * d(x))
Next
p=1-((6 *dsq) / (d.Count() * (d.Count() - 1)))
Return p
End Function
Public Sub Quicksort(ByVal list As List(Of Double), ByVal min As Integer, ByVal
max As Integer)
Dim random_number As New Random
Dim med_value As Double
Dim hi As Double
Dim lo As Double
Dim i As Double
If min >= max Then Exit Sub
i = random_number.Next(min, max + 1)

med_value = 1list(i)
list(i) = list(min)
lo = min
hi = max
Do
Do While list(hi) >= med_value
hi = hi - 1
If hi <= lo Then Exit Do
Loop

If hi <= lo Then
list(lo) = med_value

Exit Do
End If
list(lo) = list(hi)
lo=1l0o+1
Do While list(lo) < med_value
lo=1l0o+1
If lo >= hi Then Exit Do
Loop
If lo >= hi Then
lo = hi
list(hi) = med_value
Exit Do
End If
list(hi) = list(lo)

Loop
Quicksort(list, min, lo - 1)
Quicksort(list, lo + 1, max)
End Sub
End Class

Public Class Optionl
Dim optionone As New Analysis("filelocations.txt")
Public Sub Optionl_Load(sender As Object, e As EventArgs) Handles MyBase.lLoad
optionone = New Analysis("filelocations.txt")
LoadLists()
End Sub
Public Sub LoadLists()
optionone.GeneratelLists()
For Each item In optionone.countries
OpOneCountries.Items.Add(item.name)
Next
OpOneCountries.Update()
For Each item In optionone.Indicators
OpOnelIndicators.Items.Add(item.name)
Next
OpOnelIndicators.Update()
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End Sub
Private Sub Buttonl Click(sender As Object, e As EventArgs) Handles
NextButton.Click
optionone.CheckLists(OpOneCountries, 1)
optionone.CheckLists(OpOneIndicators, 2)
Dim selectedindicators As New List(Of String)
Dim selectedcountry As String
selectedcountry = OpOneCountries.SelectedItem
For Each item In OpOnelIndicators.CheckedItems
selectedindicators.Add(item)
Next
optionone.selectedcountrya = selectedcountry
optionone.selectedcountryb = selectedcountry
optionone.selectedindicatora = selectedindicators(9)
optionone.selectedindicatorb = selectedindicators(1)
optionone.datasetX = optionone.GenerateData(selectedindicators(9),
selectedcountry)
optionone.datasetY = optionone.GenerateData(selectedindicators(1),
selectedcountry)
optionone.RemoveInvalid(optionone.datasetX, optionone.datasetY,
optionone.finalsetx, optionone.finalsety)
Dim oponegraphs As New graphs(optionone)
oponegraphs.Show()
Me.Close()
End Sub
End Class

Public Class Option2

Dim optiontwo As New Analysis("filelocations.txt")

Private Sub Form7_Load(sender As Object, e As EventArgs) Handles MyBase.Load
optiontwo = New Analysis("filelocations.txt")
optiontwo.GeneratelLists()

For Each item In optiontwo.Countries
OpTwoCountries.Items.Add(item.name)
Next
For Each item In optiontwo.Indicators
OpTwoIndicators.Items.Add(item.name)
Next
End Sub
Public Sub Buttonl_Click(sender As Object, e As EventArgs) Handles
NextButton.Click
optiontwo.CheckLists(OpTwoCountries, 2)
optiontwo.CheckLists(OpTwoIndicators, 1)
Dim selectedindicator As String
Dim selectedcountries As New List(Of String)
selectedindicator = OpTwoIndicators.SelectedItem
For Each item In OpTwoCountries.CheckedItems
selectedcountries.Add(item)
Next
optiontwo.selectedcountrya selectedcountries(0)
optiontwo.selectedcountryb = selectedcountries(1)
optiontwo.selectedindicatora = selectedindicator
optiontwo.selectedindicatorb = selectedindicator
optiontwo.datasetX = optiontwo.GenerateData(selectedindicator,
selectedcountries(9))
optiontwo.datasetY = optiontwo.GenerateData(selectedindicator,
selectedcountries(1))
optiontwo.RemoveInvalid(optiontwo.datasetX, optiontwo.datasetY,
optiontwo.finalsetx, optiontwo.finalsety)

39
Eleanor Taylor 3572 64415



Dim optwographs As New graphs(optiontwo)
optwographs.Show()
Me.Close()
End Sub
End Class

Public Class Option3

Dim optionthree As New Analysis("filelocations.txt")

Private Sub Form8_ Load(sender As Object, e As EventArgs) Handles MyBase.Load
optionthree = New Analysis("filelocations.txt")
optionthree.GeneratelLists()

For Each item In optionthree.countries
OpThreeCountriesl.Items.Add(item.name)
OpThreeCountries2.Items.Add(item.name)

Next

For Each item In optionthree.Indicators
OpThreeIndicatorsl.Items.Add(item.name)
OpThreeIndicators2.Items.Add(item.name)

Next

End Sub

Private Sub Buttonl Click(sender As Object, e As EventArgs) Handles

NextButton.Click

optionthree.CheckLists(OpThreeCountriesl, 1)

optionthree.CheckLists(OpThreeIndicatorsl, 1)

optionthree.CheckLists(OpThreeCountries2, 1)

optionthree.CheckLists(OpThreeIndicators2, 1)

Dim selectedindicatora, selectedcountrya, selectedindicatorb,

selectedcountryb As String

selectedindicatora = OpThreeIndicatorsl.SelectedItem

selectedcountrya = OpThreeCountriesl.SelectedItem

selectedcountryb = OpThreeCountries2.SelectedItem

selectedindicatorb = OpThreeIndicators2.SelectedItem

optionthree.datasetX = optionthree.GenerateData(selectedindicatora,
selectedcountrya)

optionthree.datasetY = optionthree.GenerateData(selectedindicatorb,

selectedcountryb)

optionthree.RemoveInvalid(optionthree.datasetX, optionthree.datasetyY,

optionthree.finalsetx, optionthree.finalsety)

Dim opthreegraphs As New graphs(optionthree)

opthreegraphs.Show()

Me.Close()

End Sub

End Class

Public Class graphs
Dim plotsetx, plotsety As New List(Of Double)
Dim countrya, countryb, indicatora, indicatorb As String
Public Sub graphs_Load(sender As Object, e As EventArgs) Handles MyBase.lLoad
GraphOutput.Series("Seriesl").Points.DataBindXY(plotsetx, plotsety)
ChangeText(plotsetx, plotsety)
GraphOutput.ChartAreas("ChartAreal”).AxisX.Title = countrya + " & " +
indicatora
GraphOutput.ChartAreas("ChartAreal™).AxisY.Title
indicatorb
GraphOutput.Update()
End Sub
Public Sub New(ByRef optiondata As Analysis)
InitializeComponent()
plotsetx = optiondata.finalsetx
plotsety = optiondata.finalsety

countryb + " & " +
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countrya = optiondata.selectedcountrya
countryb = optiondata.selectedcountryb
indicatora = optiondata.selectedindicatora
indicatorb = optiondata.selectedindicatorb

End Sub
Public Sub ChangeText(ByRef setx As List(Of Double), ByRef sety As List(Of
Double))

product moment correlation is

Dim variation As New Correlations
Dim answer As Double
Dim strongpositive, strongnegative, unrelated As String

strongpositive = "There is a strong positive correlation.”
strongnegative = "There is a strong negative correlation."
unrelated = "There is no clear correlation here."

answer = variation.PearsonsCorrelation(setx, sety)
If answer < 0.25 And answer > -0.25 Then
GraphDescription.Text = unrelated
ElseIf answer >= 0.25 Then
GraphDescription.Text = strongpositive
ElseIf answer <= -0.25 Then
GraphDescription.Text = strongnegative
End If
GraphDescription.Text = GraphDescription.Text + "The result of Pearson's
" + Str(answer)

End Sub
End Class
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| filelecations - Motepad - O x
File Edit Format View Help

Fhe first file holds the data, the second file holds the countries and the third file holds the indicators
C:\Users\New\Downloads\WDI_csv\WDI_data.csv

C:\UsersiNew\Downloads\WDI_csv\WDI_Country.csv
C:\UsersiNew\Downloads\WDI_csv\WDI_Series.csv

Figure 25

Figure 22 is the form design for the Welcome Form which opens when the program is
initially run.

Figure 23 is the form design for option one which is the correlation of one country with two
different indicators.

Figure 24 is the form design for option two which is the correlation of one indicator with
two different countries.

Figure 25 is the form design for option three which is two different countries correlated
against two different indicators.

Figure 26 is the form design for the graph and report which is output to the user which is
ultimately is displayed following option one, two or three depending on which one has been
selected in the welcome form.

Figure 27 is the text file which holds the locations of the other files which are used in
retrieving data.
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Testing

Testing for this project is in a video and is available to view online at this address:

https://youtu.be/iOmEJVpFYgl

(1 Tube |8
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Process:

nes
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momert comelston 8 S2A341011622623

) #24/33:0}

NEA Testing Eleanor Taylor

Diagnostics session: 102 manutes
I 100min I

Analytics

Video Manager

Test Description Expected outcome Time
number
1 Data file locations are stored in a The file contains four lines of text. The first 2.21
separate text file describing what each line is and then three
lines with three different file locations which
correspond with the description in the first
line.
2 When the program is run, an initial | The initial form is displayed quickly with no 5.32
welcome form is displayed to the errors
user
3 The user is only able to select one Only one option can be selected and the 6.08
of the initial options code doesn’t break
4 The first option is selected and the | The open form closes and the next one 6.22
second form is displayed while the | opens inits place
original form closes
5 Option one’s first checked boxes The full list of countries from the data file 6.22
lists contains a full list of countries | are in the list
6 Option one’s second checked The full list of indicators from the series data | 6.22
boxes lists contains a full list of file are in the list
indicators
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https://youtu.be/i0mEJVpFYgI

7 When the next button is pressed, The original form opens and the graphs form | 7.16
the graphs form opens opens in its place
8 The graph is displayed with All the points are displayed on the graph in 7.16
accurate points plotted the correct place
9 The axis’ are labelled correctly with | The axis labels are Arab World & CO2 7.16
the country and indicators selected | emissions from gaseous fuel consumption
and Arab World & CO2 emissions from liquid
fuel consumption
10 A description of the correlation Text is displayed under the graph which 7.16
coefficient result is displayed accurately describes the correlation shown
on the graph
11 Pearson’s moment correlation The correlation calculation output by the 8.28
coefficient is calculated accurately | program matches the result from the excel
file with the inbuilt function
12 The second option is selected and | The open form closes and the next one 9.24
the third form is displayed while opens inits place
the original form closes
13 Option two’s first checked boxes The full list of countries from the data file 9.24
lists contains a full list of countries | are in the list
14 Option two’s second checked The full list of indicators from the series data | 9.24
boxes lists contains a full list of file are in the list
indicators
15 When the next button is pressed, The original form closes and the graphs form | 10.33
the graphs form opens opens in its place
16 The graph is displayed with All the points are displayed on the graph in 10.33
accurate points plotted the correct place
17 The axis’ are labelled correctly with | The axis labels are with Arab World & CO2 10.33
the country and indicators selected | emissions from gaseous fuel consumption
and Euro Areas & CO2 emissions from
gaseous fuel consumption
18 A description of the correlation Text is displayed under the graph which 10.33
coefficient result is displayed accurately describes the correlation shown
on the graph
19 Correlation calculation is The correlation calculations result is part of 10.33
accurately displayed as part of text | the description underneath the graph
20 The third option is selected and the | The open form closes and the next one 11.16
fourth is displayed while the opens in its place
original form closes
21 Option three’s left two checked The full list of countries from the data file 11.16
boxes lists contains a full list of are in the list
countries
22 Option three’s right two checked The full list of indicators from the series data | 11.16
boxes lists contains a full list of file are in the list
indicators
23 When the next button is pressed, The original form closes and the graphs form | 12.02
the graphs form opens opens in its place
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24 The graph is displayed with All the points are displayed on the graph in 12.02
accurate points plotted the correct place
25 A description of the correlation Text is displayed under the graph which 12.02
coefficient result is displayed accurately describes the correlation shown
on the graph
26 Correlation calculation is The correlation calculations result is part of | 12.02
accurately displayed as part of text | the description underneath the graph
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Evaluation

The purpose of this investigation was to identify whether it is possible to show correlation between
two world development indicators computationally. The objective of this investigation has been met
as the correlation between two indicators can be plotted on a graph and have correlation
calculations carried out on it. Although the main objective has been met there are many ways in
which this project could be extended further.

Evaluation against objectives

Objective Met? | Comments Further development

Text file holds the Yes Figure 27 shows a text file

memory locations of data, containing the locations of three

series and country csv text files and a description of what

files is contained within the file

File locations text file is Yes All of the other files are accessed

iterated over to match when the program is run therefore

corresponding files this file must have been iterated
over for this to occur

Countries file is accessed | Yes A full list of countries is output
therefore the countries file must
have been accessed

File containing countries Yes All of the countries appear in the

information is parsed correct format, i.e. without commas
and speech marks, so the data has
been parsed correctly

Each indicator is extracted | Yes A full list of indicators is output

from the file and input therefore the indicators have been

into an abstract data type extracted from the file and stored in
the abstract data types before
being output

User is shown a list of Yes The initial form in figure 22 shows

options for what can be that there are three options for

correlated types of correlation that are able to
be carried out therefore the
objective has been met

The user must only be Yes As shown in test 3, only one option

able to select one of these is able to be selected

options

User is shown a list of Yes There is a full list of countries and

every country and every indicators that appear in each of

indicator in check lists the option forms that follow the
initial welcome form

User is able to select a Yes There are checkedlistboxes which To develop this

country/countries and an
indicator/indicators to
correlate together

enable the countries and indicators
to be selected

further the user could
select one pairing
first and then the
program removes all
of the option which
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there is no data for
and therefore would
not produce any
correlations, however
this would take a long
time at run time

For option one the useris | Yes The CheckLists procedure is used
able to select one country for each of the options and enables
and two indicators only only the specified number of boxes
to be checked before continuing
For option two the useris | Yes The CheckLists procedure is used
able to select two for each of the options and enables
countries and one only the specified number of boxes
indicator only to be checked before continuing
The data file is opened Yes The data is plotted on the graph as
from the memory location shown in text 8 and therefore the
held in the files location file must have been accessed for
text file these data points to have been
found
The file is iterated over Yes The correct data is plotted on the
until the selected country graphs as shown in test 8 which
and indicator pairing is shows that the data has been found
found, this will occur within the file and that the
twice to obtain both data objective has been met
sets
The values for each of the | Yes When the file is iterated over and
years are stored in a list the values are extracted they are
for that specified data set stored in lists
The values are converted | Yes The labels on the axis are not in
from an exponent into the exponent form and therefore they
correct double data type must have been converted to the
correct data type or else they would
not have plotted in the correct way
The data sets are Yes There are not always 56 points on
compared and empty the graphs as shown in testing
values are removed so which shows that the invalid points
that only pairs of data must have been removed
that exist are kept in the
data set
Correlation calculations Yes SpearmansCorrelation and The user could be

stored as individual
functions

PearsonsCorrelation exist as two
separate functions within the
Correlations class

asked whether or not
they would like to
view the correlation
calculation results
and which of them
they would like to
view
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Pearson’s product- Yes On the graphs form that is shown at
moment correlation the end of the series, in the
coefficient is able to be description is a value which is the
calculated result of Pearson’s correlation as
shown in test 11
The values are inputinto | Yes The result of the correlation carried
the correct part of the out in testing matches the result of
formula the same calculation carried outin a
separate excel file where the
function is built in
Calculation gives out a Yes Test 11 shows that this objective
valid answer has been met as the result which is
outputted is accurate
Spearman’s rank-order Partial | Spearman’s rank-order correlation
correlation is able to be has been included as one of the
calculated correlation functions however it
does not produce an accurate value
The values are input into Partial | It is unclear whether the error at
the correct part of the the moment lies within the quick
formula sort algorithm or in the Spearman’s
rank algorithm however the values
are not input in the right order and
therefore this objective is only
partially met
Calculation gives out a No Although the calculation does The code should be
valid answer produce a value it does not match developed so that the
the value that is produced from a calculation returns
verified Spearman’s rank order the correct value
calculator
Data input from the data | Yes The values are input into the
sets from extraction of csv formula although the value that is
file into formula produced is not correct
Calculates strength of Partial | The value which is output is This should be
correlation incorrect however a value is output | developed so that the
values are accurate
Numerical values from Yes The values from both Pearson’s and
each calculation are Spearman’s are shown on the
stored for future use in output
the final report
Data sets extracted from | Yes A graph is output with valid points
the file are plotted on the plotted on it as shown in test 8
graph
Graph is plotted Yes This objective has been met as is
accurately using the shown in test 8
coordinates
Graph is displayed to the | Yes The labels on the axis are accurate

user with fully labelled

as shown in test 9
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axis with the countries
and indicators

Description of the graphis | Yes There are labels containing text that | The description could
presented along with the are underneath the graph and be developed further
graph therefore the objective has been so that any outliers
met are identified and it
could also be
described in more
detail
Key features of the graph | Yes The strength of the correlation has
and correlation been described and the values of
calculation are noted the correlation calculations are
within the text
Gaps filled in for specific Yes The values appear in the description
data underneath the graphs and
therefore
Sentences for each Partial | Although there is a description that | This could be further

feature are output to the
user

is shown depending on the result of
the Pearson’s moment correlation,
the description is limited and only
describes the basic correlation.

developed so that a
regression line is
calculated and then
outliers and
anomalies that don’t
fit the pattern are
found and either
excluded or made
aware to the user.
This would make the
correlation
coefficients more
reliable.

Feedback from Economics Department
The program was shown to Courtney Anderson, Head of Economics, to see how useful it can
be to the department and how it could be incorporated into their teaching.

Courtney’s feedback was incredibly positive. He felt that the program would be incredibly
useful in proving many economic theories to students in the classroom because of the visual
display of the outcome. In particular, the data is useful for proving relationships between
certain economic policies and economic development. Courtney felt that this program
would allow students the gain a better understanding of how certain changes in an
economy can impact the overall performance of the economy. From an economist’s
perspective, Courtney felt that this program showed a great visual model of many economic
principles which exist primarily as theories and are difficult to prove verbally. The data from
World Bank is a valuable tool to the economics department however Courtney wishes to
integrate the data available more in lessons as it would contribute to application marks in

economics examinations.
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To develop this program further, Courtney believed that there would need to be cosmetic
changes in making the interface more friendly and easy for students to use. He suggested
the use of a global map which could be clicked on to narrow down the selection of
countries. He also suggested breaking down the indicators into subcategories so that there
aren’t so many to scroll through to find the one that is being searched for. Alternatively, a
search bar could be used to save time as well.

Further development

This project can be developed in a number of ways to take it further than it has already
been developed. First of all, it could be developed so that the entries in the text file with no
data are removed so that it is not possible to select them to be correlated together. At the
moment, this would currently show a clank graph and a correlation coefficient of 0. It could
also be extended so that the entire file is iterated over and all the correlation coefficients
are calculated and those within given ranges are removed perhaps as the user wishes
through an input. They could input whether they want to view a strong positive or negative
correlation or whether or not they want to see a proven correlation at all. Alternatively, the
pairings which would only show a limited number of points could be removed as they are
unlikely to show a strong correlation between the two sets of data.

There is the potential that a correlation could be non-linear and so the program could be
developed further so that it is able to identify and non-linear correlation and it is able to be
described as well.
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