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Definition and main concepts
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What does “data-driven” mean?

• Data-driven research design originate in patterns found in data, not in a theory. 

– In other words, data-driven research starts with exploring data and data patterns. 

– This implies relating available data to a concept of interest (instead of finding a measure

for a concept that follows from the theory).

– Prior theoretical expectations are integrated into data-driven research. Yet, the research

question and the resulting hypotheses are predominantly guided by the available data. 

– Empirical findings are interpreted and aligned with existing scientific articles. 
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From patterns to theory

• In line with Maaß et al. (2018 p. 1254) data-driven research includes the following steps:

1. Get data.

2. Familiarize yourself with the dataset, its structure, and concepts (e.g., read a codebook if 

available). 

3. Data processing: clean, modify, and collapse dataset in line with your research interest.

− For instance, are there interesting or strong correlations?  

4. Analyse and interpret data patterns.

5. Reconcile patterns with hypotheses but also existing theories. 
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Comparison

Data-driven Research Designs

• There is no pre-defined path for carrying out a 

data-driven research design. 

• Researchers could also start without having a 

research question (data mining). 

• Feedback loops are possible.

Theory-driven Research Designs
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Formulating 

a research question

Exploring and 
analysing data

Developing  and 
testing a theory

Developing a theory
Operationalizing 

theoretical concepts
Analysing data 

• As presented in the previous chapter, theory-

driven research designs start with theory! 

• Theoretical concepts are then operationalized, 

most suitable variables are identified.

• After that data analysis / theory testing follows.  



Data sources
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Self-study exercise

Where could you get data from? 

Which sources can you think of? 

[Write down some notes before you continue.]
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Recall
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-> Data-driven research designs tend to rely on observational data. 



Data sources

• Unsurprisingly, data-driven research designs require the availability of data.

• Data are provided by other researchers, institutions, NGOs, statistical offices, businesses …

• Examples: 

− World Bank: http://datatopics.worldbank.org/world-development-indicators/

− IMF: https://www.imf.org/en/Data

− Statistical Offices: http://www.statistik.at/web_de/statistiken/index.html

− Researcher‘s data: http://www.barrolee.com/

− Research institutions: https://www.prio.org/Data/
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Self-study exercise

• Visit the PRIO-GRID webpage. 

− Each data point provides information, 

e.g. how much rain has fallen in this

area. Various variables at the grid-cell

level are available for download. 

• Select some variables on the right-hand-

side and see for yourself whether you

find some interesting aspects.
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Source: https://grid.prio.org/#/
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Big data and data mining
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Self-study exercise

Before you start: 

Which sources for big data can you think of? 

[Write down some notes for yourself before continuing.]
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Research Designs

Find out more about big data

Source: https://www.youtube.com/watch?v=vku2Bw7Vkfs
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Big data

• With technological advances, more data could be collected, gathered, and analysed. 

– As sample size increases, accuracy about the expected relationships between variables 

is expected to increase. 

• Not all of this data is freely available for individuals and researchers. 

– Even if it is freely available, always make sure that you understand essential concepts. 

Example: many statistical offices collect unemployment data. Yet, definitions vary. 

– Some data is restricted for use within the institution that collected (user) data.

• Especially for real-time data, researchers need to go “mining” first. 
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Data mining

• Data mining describes the automated collection and analysis of large datasets

− “Process of nontrivial extraction of implicit, previously unknown and potentially useful

information” (Lee and Siau, 2001)

• Manual extraction of (big) data is time-consuming and prone to errors

− Webscraping and Screenscraping can be used to extract data automatically. 

− Source documents could be Tweets, Facebook posts, news articles, … 

− Software skills for Python required.*
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Data mining

• There are many areas using data mining techniques:

− Healthcare: understanding and predicting diseases, making prognoses

− Geology: predicting earthquakes and volcano eruptions

− Google Maps informing about traffic jam and estimated travel routes

− Businesses: sales data, shopping patterns, consumer preferences („Ös sammeln”)

− And of course, scientific research! 
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Data mining in practice
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Source: https://www.cnbcafrica.com/international/2020/09/20/how-
palantir-built-a-data-mining-empire/ 



Data mining in science

Scraping text from legal documents, 

Tweets, party manifestos, or newspaper

articles allows you to extract relevant 

information such as legal standards, echo 

chambers, party positions, or number of

specific events. 
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Data mining in science
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Source: https://doi.org/10.1017/psrm.2017.28

Scraping information for

network analysis can be

insightful for political

scientists or business

researchers.

It is challenging, however, in 

hard-to-reach context such 

as developing or conflict-

struck countries. 

https://doi.org/10.1017/psrm.2017.28


Approaches for data-driven research designs
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(which should be read and applied with caution!)



Approaches

• Stepwise regressions and best subset regressions are examples of methods that can be 

used to analyse datasets with little or no theoretical priors. 

− The goal is to reveal patterns and find good model specifications.

• Strong methodological knowledge is needed

− Determine a suitable decision criterion by establishing a ranking based on comparative 

performance of models and variables (e.g., F-Test, t-Test, R², BIC, AIC, p-values, …)*

* This is not a recommendation to use these indicators as performance measures! Review characteristics of each measure 

before using it. 
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Approaches

• Stepwise regression:

– Stepwise exclusion (backward elimination) or inclusion (forward elimination) of

explanatory variables. This is usually done until only highly significant variables remain.

– Also see https://www.youtube.com/watch?v=rgdv7Fdftnc

• Best subset regression:

– Estimate all possible linear combinations of explanatory variables. (Caution: this can

result in a variety of models!)

– Compare models with the same number of explanatory variables and pick the best. 

– Also see https://www.youtube.com/watch?v=YOlAAHstRI4
24Research Designs

https://www.youtube.com/watch?v=rgdv7Fdftnc
https://www.youtube.com/watch?v=YOlAAHstRI4


Example
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• Imagine you have four potential variables to explain students performance in a test: 

– hours of sleep (x1), hours studied for the exam (x2), anxiety level (x3), weight (x4)

• A best subset regression compares the following combinations: 

− With 0 explanatory variable included, the software only estimates the mean.

− With 1 variables included, it estimates 4 regressions: one for each of the four variables (x1 – x4).

− With 2 variables included, it estimates 6 regressions: one for each pair of the four variables. 

− With 3 vars included, it estimates 4 regressions: one for each existing combination of the 3 vars.

− Finally, it estimates one regression with x1, x2, x3, and x4 included.

• For a more detailed description, see https://online.stat.psu.edu/stat501/lesson/10/10.3

https://online.stat.psu.edu/stat501/lesson/10/10.3
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Source: http://phdcomics.com/comics/archive.php?comicid=1539

Skeptic?



Limitations
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Be aware of of p-hacking! 
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Source: https://www.youtube.com/watch?v=FLNeWgs2n_Q



Limitations of data-driven approaches

• Data-driven approaches suggest many possible models to choose from

• Still, researchers cannot be sure that one of these models is a “true” model describing 

“reality” (strong words but you get the message). 

– This approach cannot substitute theory-based model specification as it does not reveal 

anything about causal mechanisms! You still need theory to interpret the relationship.

– The model specification may fit to the data, but most likely not to reality.
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Matthews (2000)
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Source: https://doi.org/10.1111/1467-9639.00013

https://doi.org/10.1111/1467-9639.00013


Self-study exercise

Correlation does not imply causation. We all (hopefully) know that storks do not 

bring babies. 

Please take a minute to think why there still seems to be a statistically significant

correlation. If you have noted down a reason, read the article and compare your

explanation. 
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Never just arbitrarily analyze some data.
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Never ever!
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Self-study exercise

Feel free to browse and think about other spurious correlation examples: 

https://tylervigen.com/discoverhttps://tylervigen.com/discover

https://xkcd.com/882/
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Concluding remarks
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Conclusion

• Data-driven research design focuses on available data and detecting patterns. 

− By design, theory is allocated a minor role. Be aware, however, that data-driven 

research designs (big data) cannot be a substitute for theory-driven research designs 

(theory, respectively)! 

• Data mining often has a negative connotation in scientific research. 

− The mere availability of a large dataset does not imply a good research project. If you mine 

data with the objective to increase validity, you still need a good research design. 
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Conclusion

• While you can find interesting patterns, you should not blindly believe in patterns. 

− Potentially spurious correlations and seemingly significant regression results are not a proof 

of causal mechanisms! This is nice as a screening procedure (at best). 

• Even non-findings are informative. They are less likely to get published though. 

− Eliminating insignificant variables, which are theoretically relevant, arbitrarily misrepresents

empirical relationships. 
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Reading recommendation

• More on data-driven approaches and its limitations

– https://www.youtube.com/watch?v=5pnX1WtbNvQ

– http://www.philender.com/courses/linearmodels/notes4/swprobs.html

– https://towardsdatascience.com/stopping-stepwise-why-stepwise-selection-is-bad-and-

what-you-should-use-instead-90818b3f52df
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