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1 Executive Summary
In this review, we discuss the state-of-the-art of both research and development in the anal-
ysis of advertisement campaign data for weak signals and causal relationships:

• The question, what parts of an ad campaign work and what parts do not, as well as
how they all interact with each other, is a long studied problem in marketing, but has
not been solved so far.

• To find causal relationships between events is not a problem unique to marketing. Rel-
evant techniques can be applied to different forms of events, if enough data is available.

• Weak signals describe different things depending on the context. In the case of this
project, both the interpretation of weak signals as a difference in split testing, as well
as the description of it to be a small noisy signal is adequate.

• The combination of data with different temporal granularity frommiscellaneous chan-
nels is called data fusion and is a problem that is still the subject of ongoing investigation
in the scientific literature.

• Existing data fusion methods depend on the field of application.
• Correlation and causality are two different subjects.
• Correlation can be calculated and is a measure of similarity between two signals. Cor-
relation can be causal or random or both. Statistical tests exist that give the probability
of an observed level of random correlation.

• Causality requires an informed choice. The interaction of two events must be under-
stood before it is possible to infer from a measured high correlation that a causal rela-
tionship exists.

• Existing solutions for advertisement campaign analytics usually measure impact from
channels separately and do not provide tools to estimate causality or interaction be-
tween channels.

• More advanced analytics are provided as a service by specialised consultancy compa-
nies.

• Visualisation of correlation again depends on the field of application. It is usually done
by showing connections between correlated signals or events, or by plotting the corre-
lation matrix.
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2 Introduction
One of the major questions that arose from our discussions with companies involved in the
advertising space is how they can determine which advertising initiatives have been success-
ful and which have not. This age-old question in advertising gave rise to the famous John
Wanamaker quote: "Half the money I spend on advertising is wasted; the trouble is, I don’t
know which half".

Today, advertising runs through various channels like television, radio, print, web and social
media. Each of these distribution forms has different characteristics regarding form, audi-
ence anddata about customers interactionwith the advertisements. User tracking inweb and
social media can provide very deep insights into how people react to the different forms, but,
naturally, can only link online ads together with the tracked user.

Figure 1: Google Analytics dashboard example. Source: http://www.google.com/intl/en_
uk/analytics/

State of the art in marketing research so far is to analyse the direct impact of different adver-
tisement campaigns separately. In reality, consumers are not just subject to the influence of
one campaign, instead they are constantly presented with different forms of advertisements
via a subset or all of the noted channels. The effects of campaigns in different channels might
interact: A customer that has first seen an advertisement on the TV and heard about it on the
radiomight bemore easily influenced to register a corresponding ad on a social network that
finally leads him to the offer webpage of the company.

To find the influence of campaigns in different channels is therefore a difficult task. This
project will attempt (in a small way) to answer this question by analysing data to find weak
signals that exist between advertisements and subsequent consumer events (e.g. purchases)
and to present these to a user in a way that makes them easy to interpret.

Note however that this research question is not unique to the advertising space. Other exam-
ples include brain connectivity research, where weak signals from the brain are also used to
investigate possible causal relations between activity in different brain regions [5]. The tech-
niques presented in this report can therefore also be applied to other forms of data, though
some of the used models may need to be adjusted.

3 Weak Signals
Differences exist in the interpretation of the phrase ’weak signal’, depending on the context:
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In economics, the term weak signal is usually used to denominate an early indicator for future
changes that might be missed easily [7]. These kind of signals are seen to be not relevant for
this project.

In signal detection theory, a weak signal refers to a small difference in two distributions, and
the question is whether this small difference is due to some fundamental reason or just to
chance. A common application in marketing is so-called split testing or A/B testing. In this
case the distributions are the click-through rates of both settings A and B and the tester wants
to find out if there really is a difference in the effect of A versus B, or if the signal is just due
to random fluctuations.

In signal processing, a weak signal is usually a real signal that is covered by noise and near the
limit of being able to be detected and separated from noise [15]. Using multiple, but similar
copies of the signal in multivariate analysis is a commonmethod to reduce the effect of noise
and extract a more pure signal.

Within the scope of this project, both methods from signal detection theory and from signal
processing could be applied. Multivariate analyses will provide a more in-depth analysis
of the effects of the ad campaigns, but will also require more data and will have special
requirements in order to be able to separate the influence of different forms of advertising. A
simple statistical test for difference like the one that is used inA/B testing has far lower initial
requirements, but will not be able to separate out detailed effects of different ad campaigns
that are run at similar times.

4 Data Fusion
Data from advertisment campaigns is likely to be at very different levels of granularity – for
example data from TV or print advertising simply describes the number of potential viewers
for an advertisementwithin a specific period of days, whereas data fromweb advertisements
is much more specific. Click rates and user interactions on web pages can also provide very
detailed information on a much finer level of time. It is necessary to bring this information
to a common time space for an in depth analysis of the effects of advertisement campaigns
on user interactions. This process is called data fusion [4][11] and many techniques exist de-
pending on the specific characteristics of the data involved.

In the case of split testing, the common time scale is that of the long term campaigns (print,
television, radio), where no detailed interaction data is available. Information on click rates
then can simply be summed up for multiple periods within these campaigns and the result-
ing distributions compared using statistical testing.

In the case of multivariate signal analysis, different techniques exist to bring the data on
to a comparable time scale. One common method is to apply pattern extraction on all sig-
nals. PCA has been used successfully for this in the case of neuroimaging data [3]. Another
common alternative is to generate a higher resolution model of the low granularity signals,
estimate the model parameters from the data, and to use the model output for the analysis
(see [12] for an example related to customer interactions with movie launches).
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5 Correlation And Causality
Correlation in a statistical sense means that a change in one variable, i.e. in the amount of
perceived advertisements, is related to a corresponding change in another variable, i.e. sales.
Causality is the term used to describe a situation whereby one of these changes is the direct
and consequential result of the other.

While correlation often indicates a causal link, it is not a proof of it, only an indication. Cor-
relation also does not infer a direction of information flow between two changes. So-called
spurious correlations are simply the result of random fluctuations in the data. While, strictly
speaking, it is impossible to find out with mathematical methods whether a correlation is
just down to noise or whether it is real, statistical methods like t-tests [2], Granger Causality
[6] or further specialised tests based on the Bayes statistic framework [13] can provide insight
on the probability that a correlation is indeed a real signal and not down to noise or random
effects.

It is therefore obvious that, while the process of finding correlations in data can be auto-
mated, the decision on whether there is a causal relationship as well must be made by a user
who has a deep understanding of the data. One way to ease the work of the user would
be to provide visualisations that give insight into the correlations between the data and the
statistical viability of these correlations.

6 Existing Solutions
IPA’s touchpoints programwith itsHub Survey provides an in-depth view of customer activ-
ities and advertisements consumption over a wide variety of channels [14].

Most analytics systems already make use of direct causal information, i.e. specific links that
allow a user to trace theweb page visit back to a click on an ad. If this information is available,
correlation analysis is straightforward as each ad is directly linked to the outcome. Com-
panies like Google [1], Twitter [10][9], Facebook [8] and many other online ad networks in
general provide a basic visual analysis, often for free within their services. Services like mix-
panel1 allow further insights and detailed views on user interactions and pathways.

The question remaining to be answered is whether the differences between ad campaigns is
due to chance or not. This service is mostly provided by dedicated consulting agencies (for
example Marketshare2) or can be done with the help of statistics software like SPSS, SAS,
octave, Matlab, etc. by an experienced statistician.

Visualisations of correlations are wide-spread and usually consist of either visualising the
correlation matrix, or drawing lines between correlated events, where the characteristics of
the line (e.g. colour, width) corresponds to the level and probability of correlation (see figure
2 for simple examples.) The correlation matrix shows the (cross-) correlation values for all
investigated signals/events in the analysis.

1https://mixpanel.com
2http://marketshare.com
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Figure 2: On the left side an example for a correlation matrix visualisation, where the level
of correlation between events is encoded in the colour. The right side shows a more complex
correlation analysis of activity networks in a human brain imaging experiment.

7 Conclusions
Our conclusion, after carrying out this State-Of-The-Art review, is that the subject of this
project has not been explicitly implemented in software so far. It can be separated into three
parts: data fusion, correlation between events and visualisation of the results. Data fusion
can be either very demanding or straightforward, depending on the level of analysis that is to
be performed. In the case of split testing, the channels can be simply defined and used as the
split delimiter. For a more detailed analysis of cross-influences, advanced data fusion tech-
niques will have to be used, which may be difficult to implement in the restricted CeADAR
six month process circle.
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