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WINNER

kondrcan P Y 9 The Global
), ;  ) : M LONG \,.“'“’ FlﬂaﬂC|a| Ceﬂtl’eS rit.)ffssxouu

P FINANCE Index Computertoekdy

¢ Special — City of London’s leading commercial think-tank
¢ Services — projects, coaching/training, expertise on
demand, research

¢ Sectors — civil society, technology, finance, professional
services
THE PRICE

orrist  » Analytics in Action Award, UNISON highly commended, 2014
- » Independent Publisher Book Awards Finance, Investment &
Economics Gold Prize 2012 for The Price of Fish — now in paperback
» British Computer Society IT Director of the Year 2004 for PropheZy
and VizZy, DTI Smart Award 2003 for PropheZy
3 >~ IT For The Not-For-Profit Sector 2001
= Sunday Times Book of the Week, Clean Business Cuisine, 2000
» £1.9M Foresight Challenge Award for Financial £aboratory
= visualising financial risk 1997




Z/IYen — Research & Intelligence
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¢ Information systems & knowledge
management strategies in charities
and health (1994-present) FaT

PropheZy and VizZy — finance
compliance monitoring, charities
and health outcomes improvement,

iy | q

Distributed ledgers (1998-present) j‘mJL\JWWWMW\@N‘\r‘_«M il

Prediction markets and bubbles
(1998-present) — www.extzy.com

Market Intelligence — Charity IT
Leaders, GFCI, GIPI & others
(1999-present)

Avatars For Big Data (2010-2012)
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Debunking Myths About Analytics

¢ You do not necessarily need big data to
deploy powerful machine analytics

¢ Does not require expensive software

»QOpen Source software — R — among the
best, mathematically, and free — really,
really free

»Excel has many of the statistical functions
that used to require specialist software

¢ Far more about asking good guestions
and critical thinking, than maths or stats




Possible Uses In Charities
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Charities

Predictive Analytics Activities Core Services Delivery

Service Development

e ——
Marketing
Fundraising
Grant making/seeking
Anomaly Detection

Predictive
Models Risk Management




Excel Functions
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¢ CORREL function in Excel - calculates the

correlation coefficient between two columns of
data.

» coefficient lies between -1 and 1.

Function Argurnents 7| x|
ZORREL

Arraryl | 4:H14 E = {8.04;6,95;7.58;8.81;8.33;9.96;7.2..,
Array2 |J4:Jl4 E = {9.14;8.14;8.74;8.77,9.26;58.1;6.13..,

= [.750005397
Returns the correlation coefficient bebween bwo data sets,

Arrayl is acel range of values, The values should be numbers, names, arrays,
or references that contain numbers,

Formula result = 0,750005397

Help on this Funckion (a4 | Cancel




Causation?

T USED T© THINK
CORRELATION IMPUEO
CAVUSATION.

7§

THEN I TOCK A
STATISTICS CLASS.
NOwWw I DONT,

P9

SOUNDS LIKE THE
CLASS HELPED.

WELL, MAYBE.

M

e: Correlation from XKCD




The Anscombe Quartet
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Anscombe
Quartet

Set | Set Il

10 10
8 8
13 13
9 9
11 11
14 . 14
6 6
4

12

Mean
Standard
Deviation




Anscombe Quartet — Make Music
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H - = GRA1 data [Compatibility Made] - Excel A0 N 4
FILE HOME  INSERT = PAGELAYOUT  FORMULAS  DATA  REVIEW  VIEW i ian_harris@zyen.com ~

- = - = n ) T Equation ~
? D [D L—‘E* = 17 & i 1 ' Q symbol
PivotTable Recommended Table  Pictures Online Recommended N PivotChart Hyperlink
PivotTables Pictures @+ ™ Charts . RIS -
Tables Ilustrations Add-ins Charts ' Tours Sparklines Filters Links

Set | Setll
¥

Symbols
Insert Scatter (X, ¥) or Bubble Chart

10 10 1 Usethis chart type to show the
8 8 relationship between sets of values.

E - 13 - Click the arrow to see the different
9 . 9 3 types of scatter and bubble charts
11 k 11 3 - available and pause the pointer on
14 I 14 X 1 theicons to see a preview in your

document.

[U-BN--RCNRE- BT R SR N

=
=)

-
=y

-
=]

Mean
Standard Deviation

Setllly

Anscombe | Diabetes

Select destination and press ENTER or choose Paste AVERAGE: 8.250454545 COUNT: 25 SUME: 181.51

= O m A & 3§ % F3 x3 8§




Anscombe Quartet — Picture This
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4
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1
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Set lll'y




P Data Analysis- Excel

© Z/Yen Group
2017

File — Options — Add-Ins — Go — Analysis ToolPak

FILE HOME INSERT PAGE LAYOUT FORMULAS DATA REVIEW VIEW ian_harris@zyen.com ~

Ho S

Excel Options

General
iew and manage Microsoft Office Add-ins.

Formulas

Proofing Add-ins

Save Name Location Type

Language Active Application Add-ins
tvanced Analysis ToolPak Ci\..fice] S\Librany\Analysis\ ANALYSIZXLL  Excel Add-in
Advanced

Inactive Application Add-ins

Analysis ToolPak - VBA 15\ Libran\ Analysis\ATPVBAENALAM  Excel Add-in

Quick Access Toolbar Date (XML) jcrosoft Shared\Smart Tag\MOFLDLL  Action

Euro Currency Teols Ci\...oot\office] S\Library\ELROTOOLXLAM  Excel Add-in
LEHIS Microsoft Actions Pane 3 XML Expansion Pack
Microsoft Power Map for Excel Ci\... Excel Add-in\EXCELPLUGINSHELLDLL  COM Add-in
Solver Add-in fficelS\Library\ SOLVER\SDLVERXLAM  Excel Addl-in

Customize Ribbon

oW

~hT

Trust Center

Document Related Add-ins

S o

S

0

Add-in: Analysis ToolPak
Publisher.  Microsoft Corporation

Compatibility: Mo compatibility information available

Location: C:\Program Files\Microsoft Office 15\root\office] 5\Library\Analysis\ANALYS32.XLL

o

i

[SRRt A

Description:  Provides data analysis tools for statistical and engineering analysis

Manage: |Excel Add-ins

B

Cancel

@

BoWwoWw oW oW WL R R R M TS R R R
“ ! !

rEFSRRTRE:]




Analysis Functions Ato H

' Data Analysis

- Analysns Tools

Anova: Two Factor With Replication
Anova: Two-Factor Without Replication
Correlation

Covariance

Descriptive Statistics

Exponential Smoothing

F-Test Two-Sample for Variances
Fourier Analysis
.| Histogram

Help actually does help, most of the time...
...plenty of free on-line tutorials if you get stuck




Analysis Functions Hto Z
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Help actually does help, most of the time...
...plenty of free on-line tutorials if you get stuck

Data Analysis , X

Analysis Tools
oSS 2 OK
Histogram
Moving Average Cancel
Random Number Generation
Rank and Percentile
Regression
Sampling
t-Test: Paired Two Sample for Means
t-Test: Two-Sample Assuming Equal Variances
t-Test: Two-Sample Assuming Unequal Variances
' z-Test: Two Sample for Means




Regression

Definitions:

¢ regression analysis is a statistical process for
estimating the relationships among variables.
» includes many technigues for modeling;

» the focus is on the relationship between a
dependent variable and one or more independent
variables;

» e.g. linear regression, multiple regression.

Y=p0 +p X, +¢
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Regression Line

Plasma
Glucose

Intercept
Bo

slope of the
line

Y=p0 +pX, +¢




R example
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Scatter plot of Age vs Blood Pressure
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Blood Pressure of participants
Lol v R o]

o
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T T
30 50

Age

DiabTrain<-read.csv('DiabTrain.csv',head=TRUE)

Age = DiabTrain$Age

BloodPressure= DiabTrain$DiastolicBloodPr

plot(Age,BloodPressure, ylab="Blood Pressure of participants", main = paste("Scatter plot of
Age vs Blood Pressure"))
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The Regression Analysis tool - conducts
regression analysis based on the data specified.

Regression Analysis

EIEEACN
Home

@5

From  From

Access Web  Text

]

TED  TED
=0 o

From From Other

Insert

Sources =

Get External Data

Page Layout  Fo

&)
St
Existing Refresh
Connections

mulas | Data

) :

Al
Connedtions

nnections

= Edit Links

Review

A
z
z
A

Book2 - Microsoft Excel

= =
=2 E‘E E’
EH 8 >

Text to Remove Data Consolidate What-If

Columns Duplicates Validation = Analysis =
Data Tools

View

Filter
7 advanced

Sort & Filter

2 W

=N

o @&

[ Data analysis
ail | Ty Sotver

Group Ungroup Subtotal

Qutline Analysis

2

E3

- ( fe | 0.288642391854122

A
1
2

B

4
5
6
7
8
9

10

H 4> | Sheat1

Ready

04/01/2011
05/01/2011
06/01/2011
07/01/2011
10/01/2011
11/01/2011
12/01/2011
13/01/2011
14/01/2011
17/01/2011
18/01/2011
19/01/2011
20/01/2011

D

Trend A

0.007023|
0.007004
0.006904
0.006569
0.006425
0.007087
0.006903
0.006669
0.007176
0.006935
0.006675
0.006636
0.007028

e

Trend B
I 0.233642!
0.231810
0.292237
0.293637
0.232642
0.293212
0.233433
0.294119
0.293482
0.233432
0.293597
0.295339
0.297497

F

=)

Regression

Input
Input Y Range:

Input X Range:

| Labels
] Confidence Level:

Output options
Output Range:
@) New Worksheet Ply:
New Workbook

Residuals

Residuals
Standardized Residuals

Normal Probability
(] Normal Probability Plots

SES3:8E$15

SD§3:6D§15

Constant is Zero

%

| Residual Plots
| Line Fit Plots

Sheet2 “sheet3

WL

Circular References |

‘@@E 100% (=)




Y/ Assumptions & Limitations of Linear
Regression

2017

Yy=p +0X +¢

Key Assumptions:

¢ the relationship between the dependent variable Y and the
independent variable X is linear in the slope and intercept
parameters B, and S;;

the independent variable X is not random,;
the expected value of the error term "¢" is O;
the variance of the error term is constant for all observations;
the error term € is uncorrelated across observations;
the distribution of the error terms is normal.
Key Limitations:

¢+ the estimated parameters and other relationships may change
over time;

¢ in the real world the key assumptions are often unrealistic.




Research Types

2017
Traditional Research Data-Adaptive Research Model-dependent
Research

Begins with theory/model Begins with data Begins with model
specification

Uses Classical or Bayesian Searches for useful Model used to generate
statistical inference predictors data, predictions and
make recommendations

Fits models to data Adapts to the data Compares generated
data with real data

Uses Linear Regression to  Useful for non-linear Uses simulations and
estimate parameters for  relationships & interaction mathematical
linear predictors. among variables. programming methods.

MOdEI Real Data MOdeI

Model




Monte Carlo simulation

Definition:

¢ Monte Carlo simulation uses repeated
sampling to determine the properties of some
phenomenon (or behaviour).

¢ So called due to methodological and filial link
with gambling:
» play game,;
» record result;

» (iInventor Stanislaw Ulam’s uncle reputedly was a
regular in that famous casino).




Y _ .
Monte Carlo & Predictive Analytics

¢ Example

- opportunity tracking in Excel

¢ Excel’s random variable can be used to

generate

uniform and normal

distributions for Monte Carlo models

¢ Combined with a bit of trigonometry,
triangular distributions can also be
simulated in Excel

¢ Visual ex

oression of results - the use of

frequency functions and histograms
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Histogram
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Tetlock on Experts and CHAMP
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Philip Tetlock's 18 year study observing 284 experts
making 28,000 forecasts. Many/most “experts” hard-
pressed to do better than chance, overconfident and
reluctant to change their minds In response to new
evidence.

Solution? Use CHAMP:

» Comparisons are important;
» Historical trends can help;

» Average opinions over diverse groups — “the wisdom of
crowds’;

» Mathematical models should be taken into account;
» Predictable biases exist and should be allowed for.

Reference: How To See Into the Future, Tim Harford, Financial Times, 5 September
2014, http://www.ft.com/cms/s/2/3950604a-33bc-11e4-ba62-00144feabdcO.html
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Machine Learning
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Definition: machine learning relates to the construction of
algorithmic systems that can learn from data.

» focuses on prediction, based on known properties
learned from training data;

» Includes decision tree learning, neural networks
and support vector machines (SVMs);

» can accommodate all five elements of Tetlock’s
CHAMP — especially good at “P for pesky biases”.

Markoff (McCarthy/Englebart) Distinction:
Artificial Intelligence? - barely
Intelligence Augmentation? — yes, really!

Image Credit: mysliderule.com




Some SVM Characteristics
¢ Copes well with somewhat incomplete
and dirty data sets

»recognises and ignores nulls
»can be used to clean data

¢ Enables analysis of many variables at

the same time
» Multi-dimensional
»Ignores unhelpful variables
»Curves as well as lines

¢ Classification, prediction and anomaly
detection




Other Advantages

¢ Machine learning methods are particularly effective in
situations where predictive insights need to be
uncovered from data sets that are large, diverse and
fast changing;

» outperform traditional methods based on accuracy,
scale, and speed.

Machine learning methods are also useful in analyzing
data from multiple sources such as transactional,
social media, and other sources

Stable elements can be embedded in processes yet
remain data adaptive (e.g. “Rubies In The Dust”
fundraising example and “Rust Never Sleeps” lapsed
member recovery process)




Rekindling Donor Lists - Table

Potential Actual donors in
donors response to PropheZy
Likelihood | identified by campaign success rate
block SVM mailshot (%)

Highest Block 3,722 44.20%
Very High

Block 5,837 23.86%
Quite High

Block 6,520 19.00%

103,566 4.66%
MAILSHOT
TOTAL 119,645 7.61%




Members Rejoining - Table

Propensity of
re-joining

Total
members

Actual re-
joiners*

Actual re-
joiner rate

High

192

16

8.33%

Medium

11,742

491

4.18%

Low

16,164

318

1.97%
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Members Rejoining - Graph
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Further Reading

Predicting the Effectiveness of Grant-Making, lan
Harris, Michael Mainelli, Peter Grant and Jenny
Harrow, 2006, Journal of Strategic Change

Rubies In the Dust & Rust Never Sleeps, lan Harris &
Mary O'Callaghan, 2012 & 2013, Charity Finance

Evidence Of Worth In Not-For-Profit Sector
Organisations, lan Harris, Michael Mainelli and Mary
O'Callaghan, 2002,Journal of Strategic Change

How To See Into the Future, Tim Harford, Financial
Times, 5 September 2014,
http://www.ft.com/cms/s/2/3950604a-33bc-11e4-bab?2-
00144feabdcO.html

Machine Learning and Professional Work — A
Lookahead To 2040, lan Harris, SAMi, Autumn 2015



http://www.zyen.com/component/content/article/17-sectors/sectors/215-predicting-the-effectiveness-of-grant-making-all-research-articles-2006.html
http://www.zyen.com/PDF/Rubies in the dust - CF Dec12v2.pdf
http://www.zyen.com/PDF/Rust never sleeps CF Feb13.pdf
http://www.zyen.com/PDF/EvidenceofWorth.pdf
http://www.ft.com/cms/s/2/3950604a-33bc-11e4-ba62-00144feabdc0.html
https://samiconsulting.wordpress.com/2015/10/07/machine-learning-and-professional-work-a-lookahead-to-2040/

