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TopIcCs

Comparisons

Null-hypothesis significance tests (t-test, ANOVA)
Linear models and friends

Statistical assumptions

Data fransformation

Data Imputation
Simulating data
Experimental design

Statistical graphics
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* Being

able to choose statistical

procedures and models for
empirical research in a responsible
manner

Not this course’s goal: Inventing

NEW S

ratistical procedures
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Course logistics

See the syllabus

—mpirical Quantitative Methods in Computer Science — 2026

Instructor: Chat Wacharamanotham (to email, see OLAT) Office hours: hitps://chatw.ch/h
Course format: Lecture with in-class exercises

COURSE DESCRIPTION
chatw.ch / quan t This course introduces students to the following topics in empirical quantitative research:

« Controlled experiments

« Survey research

- Data visualization for statistical analysis

- Exploratory and inferential statistical analysis

- Research transparency

Students will learn these methods hands-on through assignments and project work.

INTENDED LEARNING OUTCOMES
1. Students can explain the properties of measurements and can choose appropriate

measurements for their research.

Students understand types of validity in quantitative research.

Students can design and conduct controlled experiments.

Students can design and conduct survey studies.

Students can visualize data from their experiments for exploratory analysis.

Students can explain types of missing data and can choose appropriate techniques to

address them.

Students know how to perform inferential statistics by choasing correct procedures and

checking statistical assumptions.

8. Students can organize their research materials and prepare them for sharing in a transparent
manner.
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Get help

For questions that are not sensitive > post on OLAT forum

“Monitored forum”. Chat respond on Wednesdays and Fridays
« “Unmonitored forum” are for students only to form teams

Chat’s office hours are on Wednesdays 14:00-15:30. With
exceptions: chatw.ch/h No advance appointments needed. Just
come by at BIN 2.B.07.

44

L ast resort: Email via OLAT’s “Email Chat” section

It all other channels tail, email chat@ifi.uzh.ch

v & Forums
= O Monitored forum
{3 Unmonitored forum
&4 E-mail Chat

© Notifications


http://chatw.ch/h
mailto:chat@ifi.uzh.ch

Research contribution types

- Empirical: Knowledge about users or system usage

- Artifact: Design and engineering of interactive systems

-+ Methodological: Knowledge about new way of research

-+ Dataset that can enable future research

- Literature-survey that structure the current state of knowledge
- Theoretical principles or models

- Opinion pieces that aim to change readers’ mind

A research paper may make multiple contributions

6 This section is based on Wobbrock & Kientz (2016). Research Contributions in HumanComputer Interaction
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Empirical research

Empirical method uses observation or direct sensory

experience to obtain knowledge

Scientific method is a method of acquiring knowledge
that uses observations to develop a hypothesis, and
then uses the hypothesis to make logical predictions
that can be empirically tested by making additional,
systematic observations. Typically, the new
observations lead to a new hypothesis, and the cycle

confinues.

Diagram from Gravetter & Forzano (2016) Research Methods in Behavioral Sciences
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Strategies
for empirical
research

Max. concern with
precision of measurement
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Obtrusive
Research Laboratory Experimental
Operations Experiments Simulations
Judﬁement Field
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Sample Field
Surveys Studies
Unobtrusive @
Research S Computer
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©
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¢ Max. concern

with context

McGrath, J. E. (1981). Dilemmmatics: The study of research choices and dilemmas. American Behavioral Scientist, 25(2),

179-210.

McGrath, J. E. (1995). Methodology matters: Doing research in the behavioral and social sciences. In Readings in

Computer Interaction (pp. 152-169). Morgan Kaufmann.




Objectivity: The extent to which the researchers are

CONTINUUM OF RESEARCH PARADIGMS (SELECTED 3 DIMENSIONS) detached from the thing or people being studied

Research studies that are concerned with human experiences
may inevitably be subjective. The subjectivity could be in the

Generakization btk study participants, the researchers, or both

Generalizability: The extent to which we can use the results
of a research study

o> to form a general statement about a
larger set of possible observations

Subjective @
%{'

Subjective

Some research projects might not aim for generalizability.
Instead, they aim to provide detailed and rich descriptions
of specific phenomena

Objective

_ Confirmatory: The extent to which researchers are certain
{ﬁ& about specific outcomes prior to conducting the study

In many situations, humanity may not have enough

Generalization Description knowledge about the Tppic of research. Thus, researchers
o may approach the project without predefined answers or
specific questions. Such projects are called exploratory.

Y, Objective
%

Diagram from Niglas, K. (2010). The multidimensional model of research methodology. SAGE handbook of mixed methods in social & behavioral research, 215-236.
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Intended learning outcomes

By the end of this course, students will be able to
d Explain the relationship between constructs and operationalization

d Identity scales of measurement and their limitations

chatw.ch/quant
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Constructs and operationalization
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Defining “success”

STEP 1

I 3 minutes Lwork individually, brainstorm ways to complete the following sentences

A computing system is successtul when...

Write your ideas in the tollowing shared doc

I 3 minutes Lwork individually

chatw.ch/quant
and select lecture 1 shared doc



http://chatw.ch/quant

Defining “success”

STEP 1

In pairs, brainstorm ways to complete the following sentences

A computing system is successftul when...
Write your ideas in the following shared doc

STEP 2

For each cluster of “success’, brainstorm ways to measure them.

't the ideas in the cluster is already a measurement,

move them down accordingly.

I 5 minutes Lwork in pairs chatw.ch/quant

and select lecture 1 shared doc

14
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Constructs vs. Operational definition

Construct: Theoretical and latent Intelligence

concepts that (we expected to) help
explain and predict a phenomenon

Cognitive Emotional

abillities iIntelligence
Operational definition: A specification

of a procedure to manipulate or

Mmeasure an external observable the -
EQ

phenomenon

Construct validity: How much the operationalized measurement correspond to

the construct of interest
15



A construct may have multiple facets

» Effectiveness: accuracy and

completeness with which users achieve
specified goals.
<O <>
« Satisfaction: freedom from discomfort,
and positive attitudes towards the use of
Satisfaction
the product -

16 1SO 9241 standard for usability

» Efficiency: resources expended in relation
to the accuracy and completeness with

which users achieve goals
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A construct may be operationalized in multiple ways

C

Satisfaction

Accuracy: Number of errors, ratio of errors vs. success
Completeness: Number of tasks solved
Quality: Experts’ score of the outcome of the interactions

Time: Task completion time
Input rate: Keystrokes per minute

Mental effort: Users’ rating of their mental effort,
users’ performance in their secondary task

Preference: Rank preferred interface
Ease of use: Users' rating
Perception of outcome: Users’ rating on sense of success

For more examples, see Hornbcek, K. (2006). Current practice in measuring usability: Challenges to usability studies and research.

International journal of human-computer studies, 64(2), 79-102.


https://doi.org/10.1016/j.ijhcs.2005.06.002
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Multiple measurements for one construct

———————> Accuracy: Number of errors, ratio of errors vs. success
Effectiveness — Completeness: Number of tasks solved
——————> Quality: Experts’ score of the outcome of the interactions

When multiple measurements of the same construct produce strongly correlated

results — high convergent validity — Increase confidence in the results
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Operationalization in the task context

When operationalizing a construct, the

context of the task matters

Example: mouse movement accuracy
« Hit vs. missed the target
« Smoothness of the movement path
Using the latter operationalization is
more likely to lead to a better user

experience

Chart
Text Box
Shape
Line

Plain
sSums



Example: measuring mental workload

NASA Task Load Index (NASA-TLX)
« Rating on a 100-point range
 Pairwise comparison of subscales’
Importance

Example questions:

Mental Demand How mentally demanding was the task?
I I O ‘ I I I O O O O
Very Low Very High

Physical Demand How physically demanding was the task?

20 Very Low Very High

In Proceedings of the

Mental demand

Physical demand

Temporal demand
Performmance

Effort

Frustration

Hart, S. G. (2006, October).

Overall task load index

human factors and ergonomics society annual meeting (Vol. 50, No. 9, pp. 904-908). Sage CA: Los

Angeles, CA: Sage publications.


https://doi.org/10.1177/154193120605000909

21

Example: manipulating mental workload
« Purpose: Determine how much eye tracking
could be used to estimate mental workload
- Manipulation: Asking the driver to remember
single digit number and repeat back
verbally
« Immediately
« After another number was presented

- After another two numbers were presented

Fridman, L, Reimer, B, Mehler, B, & Freeman, W. T. (2018, April). In

Proceedings of the 2018 chi conference on human factors in computing systems (pp. 1-9).



http://dx.doi.org/10.1145/3173574.3174226

Different theoretical assumptions

F.E,S estimates the

latent usability
EffectivenD

E,E,S predicts the latent
usability construct

foectiven ess

construct

~

P =TS~ -7 T~
/ \ y 4 o7 e
. : : Usability
E .
. Usability <Cfﬁczenw> Gﬁczency)—(\ perception _

~~—_’

GatisfactD Gatisfaction

\

1

Section 3 in the paper includes good
explanation of these term and concrete
examples from HCI

Confounder
Cause o :
. f Mediator Oqtcome
interest of interest

22 Velloso, E., & Hornbaek, K. (2025). Theorising in HCI using Causal Models. In Proceedings of the 2025 CHI Conference on Human Factors in Computing Systems (pp. 1-17).
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Break, return by 15:07

- Try if you can access OLA

- Enable “Notifications” tab. Ensure that you receive the notification (e.qg., by an email

of this course.

or notification on the UZH app)

« A test notification will be sent on 15:40

O Notifications

Subscribe to notifications so that yo

A~

O Crea N Subscribe

he link is in the URL below

@ Courses  More v N\ ©Oou Q s@- <

WebDAV Instant Me. .. Terms o

General system settings

Configuration
Username ‘

2 Profile

e System settings
Roles & Password

Learning resource manager, Author, User

Language

English

E-mail notification

Every six hours

E-mail delivery

Send e-mails to the OLAT internal inbox

O Send e-mails to the OLAT internal inbox and the address

chatw.ch/quant
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Scale of measurements



Relative frequency of each answer SD Red: Average Blue:

Relative Haufigkeiten der Antworten  Std.-Abw. Mittelwert Median
25% 0% 50% 0% 25% n=Anzahl
Linker Pol I ' : Rechter Pol mw=Mittelwert
md=Median
s=Std.-Abw.
E.=Enthaltung
Skala Histogramm
0% 1.6% 8.2% 14.8% 18% 57.4% n=61
, ' Y mw=5.2 (average)
' md=6 (median)
Q1. s=1.1
E.=1 (abstention)
0% 0% 7.9% 11.1% 31.7% 49.2%
n=63
i mw=5.2
Q2. md=5
s=0.9
E.=1
1 2 3 4 5 6
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o
Exe rC I Se 0% 1.6% 82% 148% 18% 57.4%

ldentity type and ordering direction of the following measurements.

Meca)p(;r;grjful @ Ordering Direction
. . T 2 Sequential 2 Diverging 2 Cyclic
No meaningful Meaningful  consistent

order order interval — — O

Date e Sy e e e e P PP R PPEE ST PP PEPPEPPEEEPEPPER PERPRE
DAY OF WEEK  +-evveerersses
G ool TR T a2 = OO OO OO SOt SOOIt SOOI SO
D UL o 2 TSSOSO SOON OO OO SO
Weather condition (sunny, cloudy...) .................................. AR— O — S A — e
Temperature (°C) .................................. ......................... ....................... ......
5-point response (Strongly disagree to strongly agree) ... ® SO SR, ® e
G102 0 =1 0 01O OO SO SO TP SRS SO -
Phone number SR OO OSSOSO SRR o




Can determine

equality or difference

+ Greater or less

+ One interval is the
same size regardless

of its location

+ Has a meaningful

zero point

* Frequency
- Mode

+ Median

+ Percentiles

+ Calculate differences
+ Mean

+ Standard deviation

+Calculate ratio (e.g.,

“twice”, “three times”)

Task success vs. error

Rank preference of the Uls

Task completion time relative to

average

Task completion time

The distinction between ordinal vs. interval is more important than interval vs. ratio because many statistical procedures requires

the interval property.

27

Stevens, S. S. (1946). Science, 103(2684), 677-680.


https://doi.org/10.1126/science.103.2684.677
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One construct, operationalized on multiple scales

Properties Example from the “Effectiveness” construct

CCItegOI‘iCdl Can determine equality or _
Number of successful tasks in an open-ended usage

= Nominal difference
Ordinal + Greqter or less Rank of conditions based on the success rate
Interval + One interval is the same

, , , Success rate relative to the average
= Quantitative  Size regardless of its location

Ratio + Has ameaningiul zero point Success rate from a fixed number of tasks
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Rating questions

Likert-style question: Individual rating question

Example:

The university cafeterias are clean Strongly disagree

Measurement on the ordinal scale
v Reporting frequency of each rating
v Reporting median

X Reporting average across participants

0% 1.6% 82% 14.8% 18% 57.4%

|—|—L|
Q1.

1 2 3 45 67

Strongly agree

nm=v\613=15 2 (everes Direct interpretation is
md=6  (median) problematic
s=1.1 Useful for diagnosis
E.=1 (abstention)



| ikert scale

Scores aggregated from multiple rating questions (“item”) in a way that has been

empirically show to have interval-scale properties

v Can analyze and report scores averaged across participants

Simplicity facet of the Visual aesthetic scale

.
.
.
.

SEF NN

Reverse-score question 1 and 4 and calculate the mean — simplicity score

ne
ne
ne

ayout appeadars too dense.
ayout is edsy to grasp.
ayout appedrs well structured.

ne site appears patchy.

Everything goes together on this site.

Do not agree
at all

N NN NN

W W wWw wWw w
>~ b~ b D D
o1 O1 O1 O1 Ol

o O O O O

NN N NN

Do fully agree

30 Questions and scale from Moshagen, M., & Thielsch, M. T. (2010). Facets of visual aesthetics. International journal of human-computer studies, 68(10), 689-709.



https://doi.org/10.1016/j.ijhcs.2010.05.006
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summary

A theoretical construct may have several ways to measure
An operational definition specities one way to measure the construct

Measurements are in different scales, and they allows answering different

types of questions



Homework

Everyone read: Gravetter & Forzano (2016): Chapter 3 Defining and measuring variables.
3.2 Constructs and Operational Definitions
« 3.4 Scale of measurement

According to your reading group: Review the materials and prepare to

Adler Wobbrock L

iy Empirical: Knowledge about users explain important concepts to your classmates next Tuesday
S A B oot

w1 \ e » Adler: Adler (1992) Chapters 11-13 + first two pages of Ch. 14
o s e - Wobbrock: \Wobbrock & Kientz (2016) first 4 pages

R — T R — e

« McGrath: Read pages 8-15 in McGrath (1995)

 Gravetter: Gravetter & Forzano (2016) section 3.3 Validity and reliability of
measurement

- Hornbaek: Hornbaek (2006) - Choose 3 operational definitions of a

construct and prepare to explain and contrast different ways of
measurements

None

Reading materials are provided on OLAT

Install R and RStudio: Instructions will be on OLAT » Materials » 00 Key Info » R installation instructions
32
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This Thursday: 19 Feb. No lecture
Self-study at home.

't you have not received the test
notification from OLAT, talk to Chat
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Supplemental slides
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Exercise solution

ldentity type and ordering direction of the following measurements.

Me(a)p(;r;grjful @ Ordering Direction
No meaningful Meaningful ConsJirstent 7 equential
order order interval ——

DAE@  oovrerereesemeemtiees ettt .................................. ......................
DAY OF WEEK ettt J— =
CIOCK BIMME v SR '
DUFBEION e S =
Weather condition (sunny, cloudy...) s | 5 5
Temperature (°C) .................................. ...................... |
5-point response (Strongly disagree to strongly agree) : : :
CILY NAMIE e |

Phone number el g

- Diverging
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Student activation
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Which semester of the master degree
are you currently in?
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Which major are you in?
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Which language do you speak most confidently?



Which ot the following are you most tamiliar with?

It you are familiar with multiple concepts, choose one to balance make the groups roughly the same size

Adler Wobbrock

1. clessify . .
) ’ Empirical: Knowledge about users
Z.whole
3. parls acree Artifact: Design and engineering ¢
4. problems v / Methodological: New or better wa
if uncerstocd —> susoe ,
» until Dataset: 3enchmarks, inputs for fu

8. solutions
(. arguments % disagr Survey: Giving structure to the boi

6. propositions . the ; Thearetical: Principles, models, lei
5. terms » the: L. | S
» the t Opinion: Changing readers’ mind
T —— ——h T — T ——

Note down your choice

McGrath None

Max
precision of measurement
A

eeeeeeeeeee
Operations | /N Experiments | Simulations

Field
Experiments

Sample IV|IV Field
Surveys Studies

Unobtrusive

Operations Theory Simulations




