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Laboratory tests 
requires human subjects that act as end users

• Experimental methodologies
- highly controlled observations and measurements to answer very specific 

questions  i.e., hypothesis testing

• Usability testing
- mostly qualitative, less controlled observations of users performing tasks
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Q: What evaluation methods are 
there?



What methods are there?

Analytic evaluation methods
done by interface professionals, no end users necessary

• Usability heuristics
- several experts analyze an interface against a handful of principles

• Walkthroughs
- experts and others analyze an interface by considering what a user would have to 

do a step at a time while performing their task
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What methods are there?

Field studies
requires established end users in their work context  

• Ethnography
- field worker immerses themselves in a culture to understand what that culture is 

doing

• Contextual inquiry
- interview methodology that gains knowledge of what people do in their real-world 

context

6.6.2024
5



What methods are there?

Self reporting
requires established or potential end users 

• interviews
• questionnaires
• surveys
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What methods are there?

Modeling
requires detailed interface specifications  

• Fitt’s Law
- mathematical expression that can predict a user’s time to select a target

• Keystroke-level model
- low-level description of what users would have to do to perform a task that can be 

used to predict how long it would take them to do it

• Simulations
- Structured models of what users would have to do to perform a task that can also be 

used to predict time, errors, and effort
6.6.2024
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Pros and cons of experiments

Strengths
•Precision
•Allows to tell apart causalities 
from random incidents

Threats
•Lack of realism 
•Generalizability

+

-

6.6.2024
8



How would you evaluate ….
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Mobile usability of an 
LMS (learning 
management system) 
app (e.g. MyCourses)



Experimental 
evaluation



What is an experiment?

To experiment df= to cause a change in a 
phenomenon in order to observe its 
consequences. 
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“RIC”: The principle of experimental 
research
Randomized assignment of subjects to 
experimental conditions

Independence of observations

Control factors in order to 1) isolate your 
intervention and 2) eliminate nuisance factors that 
could produce alternative explanations
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Components of an experiment
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Components of an experiment
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Components of an experiment
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Research questions 
that were translated 
into testable  
statements that link 
independent 
variables to 
dependent variables



Components of an experiment
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Manipulated/controlled 
in the experiment 



Components of an experiment
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Measured outcome



Components of an experiment
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Participants: 
volunteers who 
participate in the 
experiment, should 
be representative of 
the target audience



WEIRD
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Components of an experiment
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Experimental task: 
what we ask 
participants to carry 
out in the 
experiment.



Components of an experiment
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Condition: the 
particular setup that 
the participant is 
exposed against. 
Number of 
conditions depends 
on the IV.



Components of an experiment
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Condition: the 
particular setup that 
the participant is 
exposed against. 
Number of 
conditions depends 
on the IV.



Components of an experiment
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Confounding 
factors/other 
variables that may 
affect the outcome

Need to identified 
and somehow dealt 
with



Two most common experimental 
designs?
2 most common experimental designs
• Between-subject design
• Within-subject design
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How to Run an 
Experiment



Phases of an Experiment
1. Research problem
2. Hypothesis
3. Operationalisation
• Independent variables 
• Dependent variables

4. Study design
• Participants
• Tasks
• Materials
• Setting
• Procedure
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Research Questions / Objectives

What do we want to learn from the experiment?

         Summarize the reason for the experiment into one 
question or statement.

Good research objectives are 
• actionable (can be measured somehow)
• specific (for a measurement to be determined)
• novel (ask questions for which there are no good answer yet)
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E4.A  Research questions (7 min) 

6.6.2024
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Come up with 3 
research questions

You want to evaluate the mobile usability of an LMS



Typing study: Example questions
What research questions might we ask?

General: 
“Does the method increase typing speed?”
“Would users prefer this method over existing ones?”
“Can users type longer with less fatigue?”

User-specific: 
“Does the method help elderly people avoid typos?”
“Is this method easier to learn for people new to mobile phones?”
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Hypothesis
Proposition

• Is an assumption which 
connects two theoretical 
concepts together.

Hypothesis
• Is  a testable assumption, 

which connects two 
empirical concepts 
together.
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Example: Mobile typing

6.6.2024

31



Operationalisation

• Operationalisation is the translation of a theoretical concept 
(e.g., typing perforamnce) into an observable or “operable” 
concept.

• The independent variable is manipulated directly by the 
researcher

• Typing method, keyboard layout, typing task etc.
• The dependent variable is produced in the experiment

• WPM, user’s rated satisfaction and fatigue, etc.
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Check if there are standard 
measures and build on prior work.
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Hornbaek 2013

Typical DVs



E4.B  Research questions (5 min) 
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1 - Translate your research 
questions (1-2) into 
experimental hypothesis.

2 - Which independent and 
dependent variables are 
suitable to test your 
hypothesis?

Write down research hypotheses



Participants
Should be representative of your target audience

• Students, children, professionals, etc.
• Expert users, novice users
• Demographics
• Reasonable amount

Participants’ motivation can affect recruitment and results
• Rewards: Money, food, coupons, (if any)
• Beware of selection bias

Recruitment
• Posters, email, snowball sampling, ads, web, etc.
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Sampling frame
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True target population

Sampling frame

Recruitment

Sample

“Students of Aalto”

“Students at Väre”

“5 out of 13 students we asked 
agreed to join when we asked 

on Friday evening”

The 5 students



How to Treat Participants

Don’t waste their time
Informed consent
Privacy, Confidentiality, Anonymity
Make them feel comfortable
Estimate risks
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Tasks
• Should be realistic

• Represent tasks users would actually carry out in “real life”
• While sufficiently abstract to reduce or handle confounding factors 

so that it is possible to infer causality
• Should be efficient

• Think: Number of observations you make per unit of time
• Should be controllable

• We can eliminate nuisance factors
• We can minimize unnecessary variance

Example: Typing: 
 Task A: type a sequence of random words shown on the screen – not representative
 Task B: type a message to your friend – very realistic, but we can’t control it
 Task C: type a sentence given on the screen – balances realism and control
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Basic experimental designs

Between-subjects design
Within-subject design

Completely randomized factorial design
Latin square design
One group posttest-only design
Fixed effect model
Random effects model
Interrupted time series experiment
Dependent samples t-test
…
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Within-Subjects Design
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Between-Subject Design
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Q: Benefits and drawbacks 
of the two?

Between-subject
+   Simpler to describe and analyse
+   More time for one condition
+   No learning between conditions
-    Participant groups may differ
-    More participants needed

Within-subjects
+   Fewer participants needed
+   Each participant serves as their 
own control
-    Less time for one condition
-    Learning between conditions
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Conducting and Experiment

Advice for treating each participant the same
• Practice the procedure
• Once you start collecting data, don’t make changes
• If several experimenters, agree on a script
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Data collection methods
Live notetaking
Video capture (face, body)
Screen capture
Audio capture
Physiological measurements
Logging
 Task performance (accuracy, errors, time)
 Task trajectories (how a task was done)
Think aloud protocols
 Asking the participant to talk aloud what he/she is thinking 
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E4.C  Dissecting an experimental paper 
(10 min) 
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Identify and report (use bullets):
• Hypothesis
• IVs
• DVs 
• Participants (sampling frame?)
• Materials
• Tasks

https://journals.sagepub.com/doi/full/10.1177/0018720819891291 

https://journals.sagepub.com/doi/full/10.1177/0018720819891291


Reporting an Experiment

Method section
• Others need to know everything that might affect your results
• Guideline APA style: https://www.scribbr.com/apa-style/methods-section/
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https://www.scribbr.com/apa-style/methods-section/


Validity
What makes an experiment good or bad



What does ‘validity’ mean?
• Validity is the extent to which inferences and claims are 

legitimate
• Can I attribute the variance observed in DV(s) to the 

manipulations of IV(s)
• Do my DV(s) and IV(s) measure the intended phenomena?
• Can I generalise the observed effect of IV(s) on DV(s)

William R.. Shadish, Cook, T. D., & Campbell, D. T. (2002). Experimental and quasi-experimental designs for generalized causal inference.
Wadsworth Cengage learning.



Internal Validity

• Internal Validity is the extend to which causal claims are 
justified.

• Would the observed differences in the DV be present without 
variation in the IV?

• Are we measuring the right thing?
• Is there anything else that could explain the effect?
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External Validity

• External validity is the extent to which the inferences from the 
study generalize.

• Do the data offer enough evidence to support the hypothesis 
such that the result can be generalized beyond the study?
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“Threat to validity” (aka nuisance factor)

= Anything that can go wrong
= Anything that threatens your ability to draw solid conclusions

Example: Usability evaluation (next)

In experimental research, established taxonomies for threats
• (see next slide)
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Typical threats to validity in 
usability testing

Random incidents
Technical problems
Learning effect
Fatigue
Drop-out
Self-selection
Guessing of the experiment’s purpose
Evaluator effect
These are risks that may or 

may not (if you’re lucky) 
hamper your conclusions

By careful design of an 
experiment, you can 

eliminate or mitigate these!
6.6.2024
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Mitigating nuisance variables

1. Direct intervention
2. Prescreening
3. Keep constant for everybody
4. Vary systematically, include in the experimental design as an IV
5. Randomize
6. Post hoc analysis

Common techniques
Single-blind, Double-blind
Deception, Disguised experiment
Unrelated-experiment technique, Postexperimental debriefing
Multiple researchers, Experimenter-expectancy control groups
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What went wrong?

6.6.2024
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Counterbalancing
How to get rid of a “carry over effect” like learning the UI or 
getting tired?
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Hornbaek 20136.6.202457

General 
guidelines for 
experiments



E4.D  Critiquing an experiment (10 min) 
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Identify relevant threats to validity
Use the technical terms by Cook & Campbell 

https://journals.sagepub.com/doi/full/10.1177/0018720819891291 

https://journals.sagepub.com/doi/full/10.1177/0018720819891291


Pairwork topics
6.6.2024

59

By far the hardest task so far on this course!



Evaluate a mobile user interface
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Your goal is to 
evaluate the mobile 
usability of Aalto 
MyCourses

Design an 
experiment and pilot 
it with 1 user



Technical pilot (N=1)
The purpose is to test the experimental design itself

Do the tasks, instructions, 
measurements etc. work?



Instructions and presentation
Design an experiment (ideal)
• could be run in ~40 hours of work
• budget of max. 5000 eur
Consider the following
• Hypotheses
• Participants
• Experimental design
• Materials and Tasks
• Procedure
• Measurements
Run a “technical pilot” (N=1)
• Anyone on campus who is not you
• Use proxy measurements
• Report what you can
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Presentation slides
1. Problem overview

• What is evaluated (photo + 
annotations)

• Assumptions and scoping
2. Method overview

• Hypotheses, …
• How did you address threats to 

validity?
3. Pilot results

• Photo + summary w bullets
4. Assessment

• What works/doesn’t in the 
study design?



Avoid ”feature creep”
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You can’t do thisYou can do this



Tips and challenges

• Use MyCourses on phone
• Use live notes as proxy measurements
• Pay attention to the task description. How do you 

operationalize “mobile” and “usability”?
• For quantitative measurements, how will you know if a 

particular value (e.g., 3.5.) is good/bad?
• Scope your study such that you can run a sensible pilot
• Minimal maximal pilot (MMP)
• Identify as many threats to validity you think are relevant. 

Then pick 2-3 most critical ones and focus on mitigating them
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