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e.p. Empirical Research

Empiricism collects data from reality to gain knowledge

Rationalism is good but not enough for gaining knowledge
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Observational study
No intervention

In a natural uncontrolled environment



Field experiments
Purposely intervention

Natural uncontrolled environment
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Clinical Trials
Purposely randomized intervention

Natural uncontrolled environment



Laboratory experiments
Purposely intervention

Highly controlled artificial environment 
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Observational study 
collecting data from reality



Retrospective Observational Study 
working with data rather than with reality
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Causality: Intervention + Control

 Intervention

 Decouples the variable under study from other unknown 

linked variables

 Get a chance to reveal causality between the 
manipulated variable and the measure effect

 Control

 Uninteresting but known variables can be controlled

 Fix or Blocking

 Strategies can be applied to avoid the influence of 

uninteresting variables on studied output 

 Unknown variables: Randomization

 Etc.
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Types of Results

 The goal of conducting an empirical study is 

obtaining evidence

 Each type of empirical study obtains different type 

of evidence 

 Lab experiments reveal causal relationships but with low 
external validity

 Field experiments are weaker in detecting causality but 
stronger in external validity

 Observational prospective studies might arrive closer to 
causality if extraneous variables are controlled

 Observational retrospective studies reveal correlations

 Case studies reveal anecdotes 

 Surveys reveal opinions



Results Reliability

Extent to which an empirical result 

corresponds accurately to the real 

world

Just running an empirical study does 

not guarantee reliable results



Methodology

 A systematic approach that describes all steps 

throughout the process of conducting an 

empirical study

 Methodology rules how to proceed for each step

 plan, design, collect data and analyze data

 Different types of empirical studies keeps up with 

different methodology/procedure

 What needs to be done in each step for experiments, 

observational studies, case studies, etc. is different
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Reliability & Methodology

 Proper adherence to methodology supports 
results reliability

On trustworthy findings, evidence can be built

 Untrustworthy findings are useless or even misleading

Methodological rigor in carrying out empirical 
studies is essential to obtain trustable findings

Methodology helps increasing study validity

Conclusion and Internal validity
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On Study Validity

% passed

test cases

% passed

test cases

Cause-Effect

Relationship

Treatment-Outcome

Relationship

Theory

(Phenomenon

 under study)

Instantiation

(Study)

Development

approach:

TLD-TDD

Development

approach:

TLD-TDD
Code qualityCode quality

TLD    TDD  TLD    TDD  ---
-

---
-

---
-

---
-



Types of Validity

% passed

test cases
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11

Conclusion validity Proper application 
of data analysis techniques?

Internal validity Proper control of 
extraneous variables?

22
How well you design

Construct validity 
Proper 
operationalization 
of treatments and 
outcome?

How well constructs are operationalized
33 33

How well study emulates reality

44

External validity 
Application of study results 
to reality?
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Some cases

 Experiments

 Analysis of experiments (2006 - 2015)

 Analysis of cross-over designs (2012 - 2014)

 Aggregating families of experiments (1998 - 2016)

 Software repositories

 Use of term experiment (2015 - 2018)

 Awareness of study type (2020 - 2022)
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Are experiments properly 

Analyzed?

24



Study

 Dates

 2006 – 2015

 Venues 

Conferences: ICSE
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 21 stand alone experiments

 30 experiments as evaluations

Analysed Papers



Results

QUESTIONS Standalone Section

Yes No N/A Yes No N/A

Are descriptive statistics, such as 

means and counts, reported?

95% 0% 5% 77% 13% 10%

Have the test assumptions (i.e., 

normality and heteroskedasticity) 

been checked or, at least, 

discussed

62% 33% 5% 13% 20% 67%

Do researchers calculate and 

discuss power? 

86% 9% 5% 37% 0% 63%

Is multiple testing, e.g., Bonferroni 

correction, reported and 

accounted for?

10% 71% 19% 3% 27% 70%
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Summary of Results

 At ICSE, in papers which goal is reporting an 

experiment

 Basic things (as descriptive statistics) 

 properly done

 Medium issues (as tests assumptions) critical for 

conclusion validity but easy to deal with 

 30% of papers fail

 Advanced issues (as Bonferroni correction) critical for 
conclusion validity

 70% papers fail

 Notice the involvement of reviewers!!!

 So a community shortcoming 
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29 Are Crossover Experiments 

Properly Analyzed?



Crossover Design
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Study

 Dates

 2012 – 2014

 Venues 

 Journals: TSE, EMSE, TOSEM

Conferences: ICSE, ESEC/FSE, ESEM
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 39 papers reporting crossover experiments

 68 experiments

Analysed Papers



Results

Design

Analysis



Summary of Results

 8% papers satisfies some design practices

 0% papers properly analyse their crossover design

 30% make a very basic mistake as choosing a fully 

unproper technique



Are Families of Experiments 

Properly Aggregated?
35



Study

 Dates

 1998 – 2016

 Venues

 Any

 IST 25%; EMSE 20%; TSE 13%; TOSEM 10%; Others 32%
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39 papers aggregating families of 

experiments

Analysed Papers

55 aggregations



38 Results



Summary of Results

53%  of the families applied wrong 

aggregation technique

47% applied a not bad aggregation 

technique

13% applied the proper aggregation 

technique



Is the Term Experiment Properly 

Used at MSR?
40
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Experiments using repositories

Data used as benchmarks to compare 
alternatives 

 Alike other technological experiments (opposite to human-
based experiments) 

 Examples

 Compare estimation techniques

 Compare Machine Learning models

 Compare performance of x algorithms for ranking code search results
using data from GitHub projects

 Being experiments they need to follow experiments 

strategies to control for extraneous variables 

Randomization, sample selection, etc
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Observations using repositories

 Data are used to extract information from it

 Descriptive

 Descriptive statistics and correlations are extracted from data

 Only one group -> no comparison

 Example: Correlation between code smells and defects

 No control to avoid impact of extraneous variables

 Analytical

 Compares 2 (or more) treatments/independent variables to assess the 
possible effect on an outcome/dependent variable

 2 (or more) groups

 Example: Compares code with code smells vs code without smells regarding the 
number of defects

 Need control to avoid impact of extraneous variables with strategies 
resembling those from experiments
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Study

 Dates

 2015 – 2018

 Venues

 EMSE, ESEM and MSR Conference



Analysed Papers45

 35% of the papers use the term experiment

 42% at MSR Conference



Results

MSR Studies 

using the term experiment

Observational 47

Interventional 207

46

MSR Studies 

using the term 

experiment

No 

Hypothesis

No

Threats

Use of 

Causality 

terms

Observational 47 21 2 3

Interventional 207 74 18 28



Summary of Results

18% papers fully misusing the term 
experiment

 They are pure observational studies 

no comparison -> no groups

 Still 6% use causality terms to discuss results

 82% papers properly use the term experiment 

 They are interventional 

 With shortcomings

 For instance, 64% report none hypothesis



What Types of Empirical Study is 

being Conducted at MSR?

48



Study

 Dates

 2020 – 2022

 Venues

MSR Conference



Analysed Papers

 80 papers studied

 261 research questions

Year 2020 2021 2022 Total

#papers 44 48 47 139

Year 2020 2021 2022 Total

All papers 44 48 47 139

Excluded 17 18 24 59

Included total 27 30 23 80



Results51



Results 

Use of Term Experiment

52

2020 -2022 Number of RQ

Proper Use Claimed 

Experiments

35

Really 

Experiments

31

Lack of Use Really 

Experiments

75

Claimed as 

Experiments

31



Summary of Results

 25% specify none type

 20% of the RQ

 36% use the term empirical study

 43% of the RQ
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Summaryzing

Topic Years Proper Innapropriate

Experiments Checking of test 

assumptions

2006-2015 70% 30%

Analysis of crossover 

design

2012-2014 0% 100%

Aggregation of families 

of experiments

1998-2016 13% 53%

Repositories Use of term experiment 2015-2018 82% 18%

Type of empirical study 2020-2022 Not

checked
61%



Some Advice

•Try to go beyond nicely written paragraphs and truly 
understand what is being done

•Do not object when other reviewers point out serious issues
REVIEWERS

•Do not copy and paste from previous research

•What worked in one study may not work in another
RESEARCHERS

•Should work harder on disseminating methodological 
knowledge 

ESE 
COMMUNITY



Methodology Matters

Results reached with a wrong 

procedure are unreliable, though not 

necessarily wrong  but they are open 

skepticism

57
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