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Analysis Design and Validity

● Objectivity in science
● Analysis design
● Confirmatory vs. exploratory analyses
● Analysis validity
● In-class exercise 1: R basics
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Objectivity in science

The holy grail: objectivity in science



The holy grail: objectivity in science

Falsifiability and NHST are the solution, right?
● Scientific method: rigorous framework and easy to execute
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Falsifiability and NHST are the solution, right?
● Scientific method: rigorous framework and easy to execute
● Agreed-upon analysis methods and selection criteria

The holy grail: objectivity in science

Falsifiability and NHST are the solution, right?
● Scientific method: rigorous framework and easy to execute
● Agreed-upon analysis methods and selection criteria
● Mechanical and dichotomous decision making (p<0.05)

The holy grail: objectivity in science



The holy grail: objectivity in science The holy grail: objectivity in science

[https://projects.fivethirtyeight.com/p-hacking]

Operationalization introduces subjectivity!

Science is subjective

Science is 
subjective

Transparency 
and replication 
go a long way

Science is subjective: ethics
Four core values (e.g., APA’s ethics framework)
● Risks and benefits 

○ Do benefits outweigh risks?

● Responsibility and integrity
○ Representation of a scientific field
○ Public trust

● Justice and fairness
○ No biased selection of control/treatment

● Rights, and dignity
○ Awareness and consent
○ Privacy
○ Debriefing

This framework does not 
cover rigor and validity!



Analysis design

Analysis design: overview

Process/SystemInputs Output

Controllable 
characteristics

Uncontrollable 
characteristics

Kinds of variables
● Dependent variable

○ Outcome variable -- the measured response.

● Independent variable
○ Experimental variable -- systematically manipulated/controlled.

● Covariate
○ Experimental variable -- measurable but not controllable.

What are examples for covariates?

Types of variables
● Categorical (nominal)

○ Unordered set of values
○ Example: [HCI, PLSE, Robotics, UbiComp]

● Dichotomous (dichotomized or “natural” dichotomy)
○ Categorical with exactly two possible values
○ Example: [Day, Night]

● Ordinal
○ Ordered set of values (no assumption about equidistant values)
○ Example: [low, medium, high]

● Continuous/Interval
○ Ordered values (equidistant values)
○ Example:  [0..100]

What other types of variables do we frequently encounter?



Types of variables
● Categorical (nominal)

○ Unordered set of values
○ Example: [HCI, PLSE, Robotics, UbiComp]

● Dichotomous (dichotomized or “natural” dichotomy)
○ Categorical with exactly two possible values
○ Example: [Day, Night]

● Ordinal
○ Ordered set of values (no assumption about equidistant values)
○ Example: [low, medium, high]

● Continuous/Interval
○ Ordered values (equidistant values)
○ Example:  [0..100]

Kinds of studies
Experiment
● Independent variable(s) are directly manipulated/controlled.
● Repeatable with a testable hypothesis.
● Randomization (e.g., counterbalancing for within-subjects designs).

What is a quasi-experiment?

Kinds of studies
Experiment
● Independent variable(s) are directly manipulated/controlled.
● Repeatable with a testable hypothesis.
● Randomization (e.g., counterbalancing for within-subjects designs).

Observational study
● Variables are not manipulated/controlled.
● Useful if an experiment is impractical/unethical.
● Greater risk of spurious correlations.

Can you think of an example where an experiment
would be impractical/unethical?

Kinds of studies
Experiment
● Independent variable(s) are directly manipulated/controlled.
● Repeatable with a testable hypothesis.
● Randomization (e.g., counterbalancing for within-subjects designs).

Observational study
● Variables are not manipulated/controlled.
● Useful if an experiment is impractical/unethical.
● Greater risk of spurious correlations.

Case study
● Focus on one particular subject (“deep dive”).
● Useful for qualitative analyses and interpretation of results.



Study designs
Between subjects design
● Independent variable(s) take on exactly one value for each subject.

Within subjects design
● Independent variable(s) take on multiple/all possible values for each subject.
● Repeated measures design.

Mixed design
● A mixed design of between-subjects variables and within-subjects variables.

Confirmatory vs. exploratory analyses

Data analysis

Confirmation

Discovery

● Test a hypothesis (once)
● Specify all data collection and 

analysis aspects in advance
● Preregistration

Theory-drivenData-driven

● Unknown hypothesis 
● Open-ended exploration

Data analysis

Confirmation

Discovery

Theory-drivenData-driven

CDA

EDA

Rough CDA



Data analysis

Confirmatory data analysis (CDA)
● Theory-driven confirmation of a hypothesis
● Pre-specified data analysis

Exploratory data analysis (EDA)
● Theory-driven discovery
● Flexible data analysis
● New hypotheses or models may emerge

Rough CDA
● Theory- and data-driven confirmation of a hypothesis
● Flexible data analysis (researcher degrees of freedom)
● All design decisions and tests are reported

Data analysis

Confirmation

Discovery

Theory-drivenData-driven

CDA

EDA

Rough CDA

How/where does data mining fit in?

Data analysis

Confirmation

Discovery

Theory-drivenData-driven

CDA

EDAData mining

Rough CDA

Data analysis: the dark side

Confirmation

Discovery

Theory-drivenData-driven

CDA

EDAData mining

p-hacking Rough CDA



Data analysis: the dark side

Confirmation

Discovery

Theory-drivenData-driven

CDA

EDAData mining

p-hacking

fishing

Rough CDA

Data analysis: the dark side

Data analysis: the dark side

Confirmation

Discovery

Theory-drivenData-driven

CDA

EDAData mining

p-hacking

HARKing fishing

Rough CDA
Analysis validity



External, internal, and construct validity

External validity
● Does the experiment generalize (to larger population, other subjects, etc.)?
● How representative is the sample?
● Be aware of WEIRD subjects!

○ For example: studying mostly Western, Educated people from 
Industrialized, Rich, and Democratic countries.

vs

External, internal, and construct validity

External validity
● Does the experiment generalize (to larger population, other subjects, etc.)?
● How representative is the sample?

Internal validity
● Does the experiment isolate the variable(s) of interest?
● Does the experiment control for confounders and unwanted effects?
● Be aware of carry-over effects (within-subjects designs)!

○ For example: order of tasks (subjects get accustomed to or tiered of a task).

X Y

Z

External, internal, and construct validity

Construct validity
● Does the experiment measure what it claims to measure?
● Do the proxy measures and tools adequately measure the concept of interest?
● Be aware of interactions (being tested vs. treatment) and bias!

○ For example: subjects may perform better/worse under test conditions.

External, internal, and construct validity

External validity
● Does the experiment generalize (to larger population, other subjects, etc.)?
● How representative is the sample?

Internal validity
● Does the experiment isolate the variable(s) of interest?
● Does the experiment control for confounders and unwanted effects?

Construct validity
● Does the experiment measure what it claims to measure?
● Do the proxy measures and tools adequately measure the concept of interest?



Statistical concepts

(Statistical) conclusion validity
● Are the conclusions valid based on the chosen statistical test and sample size?
● Are the conclusions valid based on the observed significance (p value)?

Types of errors
● Type I error (false positive): rejecting a true null hypothesis
● Type II error (false negative): not rejecting a false null hypothesis

Analysis validity: open discussion
External validity
● Does the experiment generalize (to larger population, other subjects, etc.)?
● How representative is the sample?

Internal validity
● Does the experiment isolate the variable(s) of interest?
● Does the experiment control for confounders and unwanted effects?

Construct validity
● Does the experiment measure what it claims to measure?
● Do the proxy measures and tools adequately measure the concept of interest?

(Statistical) conclusion validity
● Are the conclusions valid based on the chosen statistical test and sample size?
● Are the conclusions valid based on the observed significance (p value)?

In-class exercise 1: R basics


