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APPLICATION OF DATA MINING TECHNIQUES
TO PROBLEMS IN FUND RAISING

Section: Technology

Adrian Udenze
Department of Electronics and Computer Engineering Nnamdi Azikiwe University, Awka, Nigeria.

ABSTRACT
Data mining in fund raising applications have been shown to significantly increase funds raised by charity organisations. This
research investigates the accuracy of statistical classification techniques when applied to various prediction problems in fund
raising. The results show that increased accuracy of predictions can be achieved by using actions taken by fund raisers as attributes as well as donor profiles. Where classification techniques fail, data mining results are shown to be useful for formulating
and solving optimisation problems which are solved to provide the best course of actions for maximum return on investment.
Key Words: Data mining, Fund raising

INTRODUCTION
The total amount of money given in charity for the year
2012 in the United Kingdom was £9.2 billion according
to the BBC [1]. With such a vast potential for attracting
funds, charity organisations are increasingly making use
of state of the art techniques in data mining to identify
potential donors, increase donation amounts and maximise return on investments. In particular, fund raisers
would like to be able to identify donors from a list and
also, correctly predict how much a donor is likely to
give. If fund raisers can correctly predict how much an
individual will donate then they can ask for the optimal
amount of money from each donor and also ensure that
the right amount of resources are expended in acquiring those funds. In [2], the author uses donor profiles
consisting of a number of donor related attributes to construct Decision Trees [3] and Neural Networks [4] for
predicting donors and non donors. The author observes
mixed results with better results for predicting non donors than for donors. The work presented here builds on
that research by providing a more in-depth investigation
into the suitability of statistical classification techniques
common in data mining for fund raising applications. In
particular, the contributions of this work are as follows
1.) statistical classification techniques are shown to be
suitable for predicting with reasonable certainty whether
or not an individual will make a charitable donation depending on the profile attributes used. 2.) statistical classification techniques are shown however to have limita-

tions on what can be predicted including which charity
an individual will donate to and how much an individual
will give. 3.) It is shown that whereas in [2] the author
uses only donor attributes, actions taken by fund raisers
have a correlation to amounts donated and can be used
to improve accuracy of predictions. As far as the author
is aware this is the first time the actions of the fund raiser
are being considered as an attribute for classifying donors. 4.) Given that the aim of the data mining exercise
within a charity organisation is to maximise funds by
asking for the optimal amounts from donors and using
minimal resources in so doing, in the absence of reliable
prediction from conventional data mining classification
techniques, the author shows that return on investment
can still be improved on by formulating and solving an
optimisation problem the result of which is a policy for
carrying out actions that maximise return on investment.

LITERATURE REVIEW
Data mining has been shown to help organisations increase return on investment for given fundraising campaigns. In [5] the author shows results of a number of
fundraising campaigns with data mining and without.
The results show an average of 50% increase in amount
raised per dollar spent for campaigns with statistical
analysis. In [6], the authors state that data mining can
improve existing models by finding additional important variables, identifying interaction terms and detect-
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ing nonlinear relationships. Data mining is also useful
in making sure that a fund raising officer asks for the
right amount of money from a given prospect [7]. In [2]
the author attempts to predict prospect donor amounts
based on data collected on previous campaigns using decision trees and neural networks. The author concludes
that neural networks give a slightly more accurate prediction however he observes that increased accuracy of
donors may be obtained by collecting more data. Decision trees [3] are a common approach to discovering logical patterns within data sets. A tree is built using Binary
Recursive Partitioning based on an iterative process of
splitting a set of pre-classified test data into homogeneous segments and then splitting each segment or branch
of the tree into more segments. The end result is a model
of the test data that classifies each observation which can
then be used for the classification of other records. Neural networks have been used extensively for data mining
in various fields of science ranging from medical diagnostics, to online real time financial systems [4]. Their
ability to model relationships in data make them useful
for classifying tasks as well as predicting future events.
Supervised learning usually takes the form of adjusting
weights in a neuron such that the difference between
network outputs when compared to desired outputs are
minimised at which stage the network is fully trained
and can be used for predicting or classifying tasks. In
unsupervised learning, weights are adjusted to match
world events in real time. Operations research provides
a decision making mechanism for problems of limited
resources and have been used extensively in industry
for optimising return on investment [8]. Numerous optimisation problems including scheduling tasks, optimal
route finding and budgeting have been solved using operations research techniques.
The work in this paper builds on the work in [2] and [6].
Results of classification of prospects using decision trees
and neural networks are presented using donor profiles
as done in [2]. Furthermore, this work shows that increased accuracy of prediction can be achieved using a
new set of attributes namely, actions taken by fund raisers. The authors also show that by using the results of the
classification exercise to formulate and solve an optimisation problem, return on investment can be maximised.

METHODOLOGY
The data set used for experiments was acquired from an
international human rights organisation and consisted
of details of past marketing campaigns. Records included profiles of donors as well as non donors. The data
set consisted of 10,000 entries initially. The data was
cleaned and records with incomplete or inaccurate data
were deleted. A sample of the records used is shown in
Table 1 below. The aim of this research was to model the
Int J Cur Res Rev | Vol 6 • Issue 22 • November 2014

data set such that the model could be used to predict as
accurately as possible the following:
1. Charity donor and non donor. To predict from the
data set which individual was likely to make a
charitable contribution two classification models
were used. First decision trees were constructed
using the Tree package in R available from the
cran.r project website at the time of writing [9]
and then neural networks using the nnet package
also available from the cran.r project website, for
different numbers of variables. 70% of 1000 records of donors and 1000 records of non donors
were used for training, the remaining 30% was set
aside for testing. The resulting models from training were then used on the test data set for predictions; results are presented in the results section.
2. Donate to a given charity. Neural networks were constructed with 70% of 500 records each for four charities and 30% set aside for testing. The number of records used for training was limited by the number of
records available. Test results are presented in the results section.
3. How much will a donor contribute to a given
charity. The donor amount field was discretized
and placed in 7 bins which were used as classes namely {0, 1-1000, 1000-5000, 5000-10000,
10000-50000, 50000-100000, >100000}. Thus,
the aim was to predict in which one of the 7 bins
or classes a prospect belonged. To ensure there
was no bias in the results, equal numbers of records for each class was used in the data set. After
selecting, transforming and cleaning the data the
number of entries was reduced to 7000 i.e. 1000
for each class. Finally the data set was split into
two, 70% for training and 30% for testing, results
are presented in the results section. Next, actions
taken by fundraisers were used as variables in
addition to the donor variables. For a given campaign, several actions are available to the fund
raisers e.g. telephone calling, emailing, organising events, carrying out an advertising campaign
on radio or television. In addition, several of these
actions may be undertaken e.g. send an email and
then telephone. Results of the enhanced models
are presented in the results section.
4. Finally, the results of the data mining exercise
were used to formulate an optimisation problem
which was then solved as a Linear Programming
problem using the R package linear programming
solver, available from the cran.r project website at
the time of printing [9]. E.g. for a given marketing campaign, the fundraisers have a set of four
actions {Telephone, Email, Organise an event,
Email and Telephone, Telephone and Organise
and Event}. Each action has an associated return
on investment R and actions A have constraints
2
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C placed on them. The optimisation problem can
then be formulated as
Maximise R1A1 + R2A2 + R3A3 + ... RnAn

(1)

Such that A1 + A2 + A3 ... <= C1

(2)

A1 + A2 + A3 ... <= Cn

(3)

The results are presented in the results section.

RESULTS
1. Charity donor and non donor: Figure 1 shows
results from experiments carried out using data
described in the methodology section. The figure
shows a plot of the accuracy of predictions for donors and non donors using decision trees. Figure
2 shows the results from neural networks using
different numbers of donor variables. The results
show neural networks to be about 5% more accurate with a 70% correct classification for donors
and 71% correctly classification for non-donors.
2. Donate to a given charity: Figure 3 shows the results of attempts to predict which charity a donor
is likely to give to given a list of donors. The results show that this kind of prediction produces
very inaccurate results with the best result being
15% success for charity 3.
3. How much will a donor give: Figure 4 shows
prediction results for different numbers of donor
variables for each class as described in the methodology section above. With typical successful
classification being about 15% it is clear to see
that data mining does not perform very well in
this test. Figure 5 shows the results of adding actions taken by the fund raisers to donor variables;
see Table 2 below for a sample of amended attributes. The accuracy of predictions increases by
an average of 6% showing that the actions taken
by fund raisers have a significant impact on the
prediction outcome.
4. From 3 above, it is observed that classification
of donors according to gift amounts is relatively
unsuccessful and so fund raisers cannot rely on
this approach as a means of increasing revenue.
A typical example of the problem faced by a fund
raising manager is stated as follows: The Major
Donor Team is about to embark on a marketing campaign titled “End stoning in Iran”. There
are numerous campaigns being put forward by
the team and so resources are limited in terms
of the number of hours the team can devote to
the campaign as well as the funds available for
the campaign. The campaign will last for a week
and a maximum of 35hours can be devoted by
staff, also the budget set aside for the campaign
3

is £200. There are four action choices available to
the team which are 1.) Send out emails 2.) Make
telephone calls 3.) Send out letters 4.) Organise
a fund raising event. Data from previous campaigns have been recorded and show that sending out emails results in an average return of 10p
per email, costs the team 1p per mail and uses up
on average 1 min. Making telephone calls results
in realising £5 per call on average but costs the
team 20p per call on average and uses up 10min
on average. Sending out letters results in raising
£1 on average per letter, costs the team 10p per
letter and uses up 2 min on average. Organising
events raises £1000 per event on average, costs
£100 to organise and uses up 10 hours per event.
What is the best course of action for the team and
how much money will the campaign raise? Using
equations 1 – 3 above, the optimisation problem
is formulated as:
Maximise:

9x1 + 480x2 + 90x3 + 90000x4

Such that:

x1 + 10x2 + 2x3 + 600x4 <= 2100
x1 + 20x2 + 10x3 + 10000x4 <= 20000

		x1 > 0, X2 > 0, x3 > 0, x4 > 0
Solving using linear programming, the result is obtained
as 0x1 102.27x2 0x3 1.79x4. Objective = £2106.82
Translated as: Make 102.27 phone calls and organise 1.79
events and the campaign should realise £2106.82! This solution provides the best course of action to raise the most money.
Note however that the campaign team cannot organise 1.79
events nor can they make 102.27 phone calls i.e. either 102
phone calls or 103 phone calls. To overcome this the solver
is forced to return only integer values which provides a new
result of 0x1 0x2 0x3 2x4 Objective = £1800. Translated as:
Organise 2 events which will raise £1800!
Results observed from test data using data mining as well
as solving a formulated optimisation problem results in
an increase of between 15% and 18% on return on investment compared to data mining alone.

CONCLUSIONS
Data mining for fund raising experiments using two classification techniques, decision trees and neural networks
have shown to be effective in identifying potential donors but less so in identifying which charity an donor is
likely to donate to and how much. The addition of actions
taken by fund raisers to data mining variables increased
accuracy of predictions compared to variables consisting
of only donor profiles. The link between actions taken
by fund raisers and donor amounts was explored further
by formulating and solving a constrained decision probInt J Cur Res Rev | Vol 6 • Issue 22 • November 2014
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lem the result of which is a course of action that yields
maximum return on investment. Future work will be on
investigating modelling techniques for sparsely correlated data and using the models to formulate and solve
constrained decision making problems in fund raising.
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Table 1: Sample of donor profile variables.

Table 2: Sample of donor profile variable and fund raiser actions.

Int J Cur Res Rev | Vol 6 • Issue 22 • November 2014

4

Udenze : Application of data mining techniques to problems in fund raising

Figure 1: Plot of donor and non donor prediction using decision trees.
Figure 4: Plot of predictions for a given donor donating a specific amount using donor profiles.

Figure 2: Plot of donor and non donor predictions using neural
networks
Figure 5: Plot of predictions for a given donor donating a specific amount using donor profiles and fund raiser actions.

Figure 3: Plot of predictions for a given donor donating to a
specific charity.
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