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Topics
• Comparisons 

• Null-hypothesis significance tests (t-test, ANOVA) 

• Linear models and friends 

• Statistical assumptions 

• Data transformation 

• Data imputation 

• Simulating data 

• Experimental design 

• Statistical graphics
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Goal
• Being able to choose statistical 

procedures and models for 
empirical research in a responsible 
manner 

• Not this course’s goal: Inventing 
new statistical procedures

https://chatw.ch/quant



Course logistics
See the syllabus
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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. 

• Last resort: Email via OLAT’s “Email Chat” section 

• If all other channels fail, email chat@ifi.uzh.ch
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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 

continues.
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FIG u RE 1.4 The Process of Scientific Inquiry 
The scientific method can be viewed as a circular process or a spiral of steps . Initial obser-
vations lead to a hypothesis and a prediction, which leads to more observations and then 
to a new hypothesis . This never-ending process of using empirical tests (observations) to 
build and refine our current knowledge (hypothesis) is the basis of the scientific method . 

However, unlike the method of empiricism we previously examined, the 
scientific method involves structured or systematic observation. The structure 
of the observations is determined by the procedures and techniques that are 
used in the research study. More specifically, the purpose of the observations is 
to provide an empirical test of a hypothesis. Therefore, the observations are 
structured so that the results either will provide clear support for the hypoth-
esis or will clearly refute the hypothesis. Consider the following question: Do 
large doses of vitamin C prevent the common cold? 

To answer this question, it would not be sufficient simply to ask people if 
they take vitamin C routinely and how many colds they get in a typical season. 
These observations are not structured, and no matter what responses are ob-
tained, the results will not necessarily provide an accurate answer to the 
question. In particular, we have made no attempt to determine the dosage lev-
els of the vitamin C that individuals have taken. No attempt was made to ver-
ify that the illnesses reported were, in fact, the common cold and not some 
type of influenza, pneumonia, or other illness. No attempt was made to take 
into account the age, general health, or lifestyle of the people questioned 
(maybe people who take vitamin C tend to lead generally healthy lives). We 

Diagram from Gravetter & Forzano (2016) Research Methods in Behavioral Sciences
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CONTINUUM OF RESEARCH PARADIGMS (SELECTED 3 DIMENSIONS)

9

Figure 9.1 Quantitative and Qualitative Research as a Multidimensional Continuum (Adapt-

ed From Niglas, 2004b) 

This conceptualization of research methodology can be elaborated by deconstructing research designs into 

methodological components such as purposes, strategy, sampling, data collection, data analysis, and infer-

ences. Concrete methods and techniques belonging to any of the methodological components can be placed 

along the continuum from purely qualitative to purely quantitative orientation (Niglas, 2004a). Alternatively, 

methodological components of a research project can be characterized by using a number of properties, each 

forming a separate continuum. 

Teddlie and Tashakkori (2009) have identified the most important of these properties of methodological com-

ponents in generating an elaborated framework they call the “multidimensional continuum of research pro-

Sage
© 2010 by SAGE Publications, Inc.

Sage Research Methods

Page 12 of 33 SAGE Handbook of Mixed Methods in Social & Behavioral Research

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

Generalizability: The extent to which we can use the results 
of a research study (which is based on a relatively small set of 
specific observations) to form a general statement about a 
larger set of possible observations (different people, settings, 
times, measures, and characteristics other than those used in 
that study).

Objectivity: The extent to which the researchers are 
detached from the thing or people being studied

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

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

In many situations, humanity may not have enough 
knowledge about the topic of research. Thus, researchers 
may approach the project without predefined answers or 
specific questions. Such projects are called exploratory.

Research studies that are concerned with human experiences 
may inevitably be subjective. The subjectivity could be in the 
study participants, the researchers, or both

not in exam



Empirical Quantitative Methods in Computer Science 
Lecture 1: Measurements
Chat Wacharamanotham 
Spring Semester 2026

10

https://chatw.ch/quant



Intended learning outcomes
By the end of this course, students will be able to  

❏ Explain the relationship between constructs and operationalization 

❏ Identify scales of measurement and their limitations
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Constructs and operationalization
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Defining “success”
STEP 1 

⏳ 3 minutes 👤work individually, brainstorm ways to complete the following sentences 

A computing system is successful when… 

Write your ideas in the following shared doc

13
chatw.ch/quant  

and select lecture 1 shared doc

⏳ 3 minutes 👤work individually

http://chatw.ch/quant


Defining “success”
STEP 1 

In pairs, brainstorm ways to complete the following sentences 

A computing system is successful when… 

Write your ideas in the following shared doc 

STEP 2 

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

If the ideas in the cluster is already a measurement,  

move them down accordingly.

14
chatw.ch/quant  

and select lecture 1 shared doc

⏳ 5 minutes 👤work in pairs

http://chatw.ch/quant


Constructs vs. Operational definition

Construct: Theoretical and latent 
concepts that (we expected to) help 
explain and predict a phenomenon 

Operational definition: A specification 
of a procedure to manipulate or 
measure an external, observable the 
phenomenon

15

Intelligence

IQ score

Emotional 
intelligence

EQ

Intelligence

Cognitive 
abilities

IQ …

…

Construct validity: How much the operationalized measurement correspond to 
the construct of interest



A construct may have multiple facets

• Effectiveness: accuracy and 
completeness with which users achieve 
specified goals. 

• Efficiency: resources expended in relation 
to the accuracy and completeness with 
which users achieve goals 

• Satisfaction: freedom from discomfort, 
and positive attitudes towards the use of 
the product

16

Usability

Effectiveness

Efficiency

Satisfaction

ISO 9241 standard for usability



A construct may be operationalized in multiple ways

17
For more examples, see Hornbæk, K. (2006). Current practice in measuring usability: Challenges to usability studies and research. 
International journal of human-computer studies, 64(2), 79-102.

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

…

…

…

Usability

Effectiveness

Efficiency

Satisfaction

https://doi.org/10.1016/j.ijhcs.2005.06.002


Multiple measurements for one construct

When multiple measurements of the same construct produce strongly correlated 
results → high convergent validity → Increase confidence in the results

18

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

Effectiveness



Operationalization in the task context

19

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
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 is a m
ulti-dim

ensional scale designed to obtain w
orkload estim

ates from
 one or 

m
ore operators w

hile they are perform
ing a task or im

m
ediately afterw

ards.  The years of research 
that preceded subscale selection and the w

eighted averaging approach resulted in a tool that has 
proven to be reasonably easy to use and reliably sensitive to experim

entally im
portant 

m
anipulations over the past 20 years.  Its use has spread far beyond its original application 

(aviation), focus (crew
 com

plem
ent), and language (English).  This survey of 550 studies in w

hich 
N

A
SA

-TLX
 w

as used or review
ed w

as undertaken to provide a resource for a new
 generation of 

users. The goal w
as to sum

m
arize the environm

ents in w
hich it has been applied, the types of 

activities the raters  perform
ed, other variables that w

ere m
easured  that did (or did not) covary, 

m
ethodological issues, and lessons learned 
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W
orkload is a term

 that represents the cost of 
accom

plishing m
ission requirem

ents for the hum
an operator.  

If people could accom
plish everything they are expected to do 

quickly, accurately, and reliably using available resources, the 
concept w

ould have little practical im
portance.  Since they 

often cannot, or the hum
an cost (e.g., fatigue, stress, illness, 

and accidents) of m
aintaining perform

ance  is unacceptably 
high, designers, m

anufacturers, m
anagers, and operators, w

ho 
are ultim

ately interested in system
 perform

ance, need answ
ers 

about operator w
orkload at all stages of system

 design and 
operation. The m

any definitions that exist in the psychological 
literature are a testam

ent to the com
plexity of the construct as 

are the grow
ing num

ber of causes, consequences and 
sym

ptom
s that have been identified.  G

iven the confusion 
am

ong the “experts”, it seem
s equally likely that people w

ho 
are asked to provide ratings w

ill have a sim
ilar range of 

opinions and apply the sam
e label (w

orkload) to very different 
aspects of their experiences.  

For this reason, the N
A

SA
 Task Load Index (N

A
SA

-
TLX

) consists of six subscales that represent som
ew

hat 
independent clusters of variables:  M

ental, Physical, and 
Tem

poral D
em

ands, Frustration, Effort, and Perform
ance. 

(A
ppendix).  The assum

ption is that som
e com

bination of 
these dim

ensions are likely to represent the “w
orkload” 

experienced by m
ost people perform

ing m
ost tasks. These 

dim
ensions w

ere selected after an extensive analysis of the 
prim

ary factors that do (and do not) define the subjective 
experience of w

orkload for different people perform
ing a 

variety of activities ranging from
 sim

ple laboratory tasks to 
flying an aircraft. C

oincidentally, these dim
ensions also 

correspond  to various theories that equate w
orkload w

ith the 
m

agnitude of the dem
ands im

posed on the operator, physical, 
m

ental, and  em
otional responses to those dem

ands or the 
operator’s ability to m

eet those dem
ands.   

A
 w

eighting schem
e w

as introduced to take such 
individual differences  into account w

hen com
puting an 

overall w
orkload score (Figure 1).  Essentially, overall  

 w
orkload represents the total areas of the six bars.  The 

w
eights are derived for each participant at the beginning of a 

study by requiring sim
ple decisions about w

hich m
em

ber of 
each paired com

bination of the 6 dim
ensions are m

ore related 
to their personal definition of w

orkload.  Each subscale rating 
provided by that person during the study is then m

ultiplied by 
the appropriate w

eight, developing a com
posite tailored to 

individual w
orkload definitions. The benefit of this w

eighting 
schem

e w
as an increase in sensitivity (to relevant variables) 

and a decrease in betw
een-rater variability. The developm

ent 
and theoretical rationale for the scale w

ere described in a 
chapter published in 1988 by H

art &
 Staveland. 

Since its introduction, N
A

SA
-TLX

 has been translated 
into m

ore than a dozen languages, adm
inistered verbally, in 

w
riting, or by com

puter, and m
odified in a variety of w

ays. It 
has also been subjected to a num

ber of independent 
evaluations in w

hich its reliability, sensitivity, and utility w
ere 

Fig 1: G
raphic R

epresentation of w
eighted 

subscale ratin gs and an overall w
orkload value
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Constructs can be measured or manipulated

Example: measuring mental workload 

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

importance
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Name   Task    Da te

   Mental Demand How menta lly demand ing was the task?

   Physica l Demand How physica lly demand ing was the task?

   Tempora l Demand How hurried or rushed was the pace of the task?

   Per formance How successful were you in accomp lishing wha t
you were asked to do?

   E f for t How hard d id you have to work to  accomp lish
your leve l of performance?

   Frustra tion How insecure , d iscouraged , irrita ted , stressed ,
and annoyed wereyou?

Figure 8.6

NASA Task Load Index

Hart and Stave land ’s NASA Task Load Index (TLX) me thod assesses
work load on five 7-point sca les. Increments of high, med ium and low
estima tes for each point result in 21 grada tions on the sca les.

Very Low Very H igh

Very Low Very H igh

Very Low Very H igh

Very Low Very H igh

Perfec t     Fa ilure

Very Low Very H igh
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Cognitive Load Estimation in the Wild

Lex Fridman1 Bryan Reimer1 Bruce Mehler1 William T. Freeman1,2

1Massachusetts Institute of Technology
2Google Research

ABSTRACT
Cognitive load has been shown, over hundreds of validated
studies, to be an important variable for understanding human
performance. However, establishing practical, non-contact
approaches for automated estimation of cognitive load under
real-world conditions is far from a solved problem. Toward
the goal of designing such a system, we propose two novel
vision-based methods for cognitive load estimation, and eval-
uate them on a large-scale dataset collected under real-world
driving conditions. Cognitive load is defined by which of
3 levels of a validated reference task the observed subject
was performing. On this 3-class problem, our best proposed
method of using 3D convolutional neural networks achieves
86.1% accuracy at predicting task-induced cognitive load in
a sample of 92 subjects from video alone. This work uses the
driving context as a training and evaluation dataset, but the
trained network is not constrained to the driving environment
as it requires no calibration and makes no assumptions about
the subject’s visual appearance, activity, head pose, scale, and
perspective.

INTRODUCTION
Any time a study of human behavior seeks to leverage mea-
surements of the mental aspect of human performance, the
at once obvious and complicated question arises: how do
we measure the state of the human mind? Cognitive load is
one category of measurements that falls within this challenge.
Over three decades of research in various disciplines [4] has
shown cognitive load to be an important variable impacting
human performance on a variety of tasks including puzzle
solving, scuba diving, public speaking, education, fighter air-
craft operation, and driving. The breadth and depth of the
published work in this field also highlights the difficulty of
identifying useful measures of cognitive load that do not in-
terfere with the behavior of interest or otherwise influence the
state of the individual being measured. Various physiological
measures have been shown to be sensitive to changes in cog-
nitive load; however, establishing practical, non-contact ap-
proaches that do not unduly constrain continuous monitoring
is far from a solved problem.

Permission to make digital or hard copies of all or part of this work for personal or
classroom use is granted without fee provided that copies are not made or distributed
for profit or commercial advantage and that copies bear this notice and the full cita-
tion on the first page. Copyrights for components of this work owned by others than
ACM must be honored. Abstracting with credit is permitted. To copy otherwise, or re-
publish, to post on servers or to redistribute to lists, requires prior specific permission
and/or a fee. Request permissions from permissions@acm.org.
CHI 2018, April 21–26, 2018, Montréal, QC, Canada.

Copyright is held by the owner/author(s). Publication rights licensed to ACM.
ACM ISBN 978-1-4503-5620-6/18/04...$15.00
http://dx.doi.org/10.1145/3173574.3174226

Figure 1: Illustrative example of real-time cognitive load esti-
mation during active conversation between driver and passen-
ger. Videos of real-time cognitive load estimation in various
contexts (including outside the driving context) are available
on https://hcai.mit.edu/cognitive. This visualization shows
(1) the video of the driver’s face, (2) the 10 recent snapshots
of the eye region, (3) the 30Hz cognitive load estimation plot,
(4) the video of the cabin, and (5) the estimated class of cog-
nitive load.

Constructs can be measured or manipulated

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

21 Fridman, L., Reimer, B., Mehler, B., & Freeman, W. T. (2018, April). Cognitive load estimation in the wild. In 
Proceedings of the 2018 chi conference on human factors in computing systems (pp. 1-9).

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


Causal model for explaining relationships among variables

22 Velloso, E., & Hornbæk, 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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CHI ’25, April 26–May 01, 2025, Yokohama, Japan Velloso and Hornbæk 

EfficiencyUsability 

Effectiveness 

Satisfaction 

Efficiency Usability 
perception 

Effectiveness 

Satisfaction 

(a) (b) 

Figure 7: Di�erent theoretical assumptions for the relation-
ship between usability, e�ectiveness, e�ciency, and satisfac-
tion. Is usability the cause or the e�ect? 

the bottom two: a sense of understanding of causal mechanisms 
and control of events. Among the forms that theory can take, also 
identi�ed by Reynolds—set of laws, axiomatic, and causal process— 
we focus on the latter. However, this focus does not restrict us to 
any particular kind of evidence. Both quantitative and qualitative 
data are compatible with causal modelling, as are experimental and 
observational studies. They are useful to structure claims regard-
less of their source and strength of evidence. A DAG can represent 
assumptions derived from your intuition as well as those with sub-
stantial evidence reported in previous works; the reasoning behind 
them can be elaborated in the accompanying verbal explanation. 

Causal models can be used to theorise both about the problem 
space and the solution space. You can use a DAG to formalise your 
assumptions about the causes of a problem (e.g. Figure 14) as well 
as to predict the e�ects of a new interactive solution (e.g. Figure 5). 
Their modular structure also invites explorations within the theory 
space—by extending them, removing nodes, expanding mediating 
pathways, providing new explanations, and so on. To illustrate their 
versatility, Table 2 exempli�es the uses of causal models at di�erent 
stages of the research lifecycle. In the next sections, we provide 
a practical overview of opportunities and challenges for DAGs in 
HCI theory-building and make the case for their usefulness in both 
quantitative and qualitative research. 

4 Ten opportunities for HCI theorising with 
causal models 

So far, we have provided a general structure for how to theorise 
using causal models. Now, we o�er reasons for why this is a good 
theorising tactic for HCI research. 

We use several examples from the literature to discuss the follow-
ing opportunities for causal models as conceptual representations of 
theoretical claims: they make theoretical assumptions explicit, they 
reveal the theoretical value of a research question, they help decide 
which variables to include in a statistical model, they give mean-
ing to regression coe�cients, they allow for an easier extension 
by future work, they reveal testable implications, they highlight 
where interventions should focus, they shift the focus away from 
null hypothesis testing towards the data-generating process behind 
the phenomenon of interest, and they help identify limitations in 

Figure 8: (a) DAG for Fitts’s Law assuming that movement 
time (MT) is determined by the index of di�culty (ID) and 
the input device (Dev). Once you stratify by ID, any observed 
di�erences in MT are due to the device. (b) A di�erent DAG 
for Fitts’s Law: movement time depends on ID and the user’s 
experience with the device. Once you stratify by ID, any ob-
served di�erences in MT could be due to the device or the 
user. 

the study design. These opportunities can be leveraged at multiple 
stages of the research lifecycle depicted in Table 2. 

4.1 Make your theoretical assumptions explicit 
Through their graphical form, DAGs make explicit claims about the 
direction and nature of the relationship between variables. These 
assumptions have consequences for the appropriateness of the 
application of theory. For example, e�ectiveness, e�ciency, and sat-
isfaction are elements of the user experience commonly associated 
with the concept of usability and, as such, are often used as usability 
measures [27]. This implies the DAG in Figure 7(a). However, an-
other potential theoretical assumption for this relationship is that 
after experiencing an e�ective, e�cient, and satisfactory interface, 
users will report the perception of high usability, as depicted in 
the DAG in Figure 7(b). This distinction has important theoretical 
consequences—it is the di�erence between using these measures 
to estimate a latent usability experience or using them to predict 
usability scores. 

A more contentious example is in the theoretical discussions 
around the appropriate use of Fitts’s law for measuring the perfor-
mance of pointing devices. Fitts’s law models the movement time 
to reach a target as a function of the distance from the pointer to 
the target and the size of the target. Beyond the discussions around 
its many mathematical formulations, there is also controversy in 
the theoretical assumptions behind them. 

The most popular account, as popularised by MacKenzie [44] and 
made o�cial in the ISO 9241-9 standard [24] for evaluating pointing 
devices, says that once the index of di�culty (a logarithmic measure 
combining the distance and the width) is controlled, performance 
di�erences are due to the device performance. The DAG in Figure 
8(a) illustrates this. 

However, as Drewes points out [19], Fitts’s original idea was that 
pointing performance is limited by one’s information processing 
capacity. In this account, any di�erences in performance are due to 
the user: any device e�ect being due to lack of experience in using it 
rather than any property inherent to the device itself. This implies 
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of Weick [77], we have much less support for theorising. The mul-
tidisciplinarity of HCI ampli�es this issue by making it di�cult 
to �nd a common ground to reconcile perspectives from di�erent 
backgrounds. What follows is an exploration of doing so using 
causal models, which can o�er a shared language to make theoreti-
cal claims and think about research questions with people from all 
backgrounds. 

3 Introduction to causal models 
Causal models are conceptual and statistical tools used to represent 
and analyse causal relationships between variables within a system. 
The origins of causal modelling date back to the early 1900s with 
Sewall Wright’s path analysis [81] and were later extended with 
the work of Spirtes et al. [65] and Pearl [51]. In this paper, we focus 
on the conceptual application of causal models for making theo-
retical claims in the form of directed acyclic graphs, along with the 
verbal explanations of assumptions and mechanisms that govern the 
relationships depicted therein. Although we leave a full description 
of their statistical properties outside the scope of this paper, we 
refer the reader to Pearl [52] for an accessible introduction to their 
applications in causal inference. 

3.1 What does a causal model look like? 
In a theorising context, causal models include a formal represen-
tation that explains how theoretical concepts are causally related. 
They include the assumptions about the �ow of causality and expla-
nations about the mechanisms through which these causes occur. 
Though these models can be expressed mathematically, here we 
focus on their conceptual representation in the form of a directed 
acyclic graph accompanied by corresponding textual explana-
tions. 

In causal modelling, directed acyclic graphs (DAGs) visually rep-
resent the causal assumptions behind the process that generated 
the observed data. Here, we take a counterfactual view of causa-
tion as per Pearl [51], so saying that X causes Y means that if X 
had been di�erent, Y is likely to have been di�erent, too. These 
causal relationships are probabilistic, meaning that they increase or 
decrease the likelihood of observing an outcome but do not guar-
antee it. This acknowledges the in�uence of other uncontrolled 
factors and inherent variability in the data. DAGs are heuristic and 
qualitative—though they can help you build and interpret your sta-
tistical models, they do not explicitly model parameters. Like other 
graphs, DAGs are comprised of nodes—boxes or circles representing 
theoretical concepts—and directed edges—arrows that indicate a 
causal relationship. DAGs are acyclic, meaning that they only allow 
single-headed arrows, and the causes in the model only �ow in one 
direction—no circular causation is allowed: If you follow the arrows 
starting from any node, you will never return to the same node. 
This is because they assume that causality is unidirectional—causes 
precede e�ects and do not loop back. Feedback and time-dependent 
processes can be modelled by creating separate nodes for states of 
theoretical concepts at each point in time. 

Figure 2 shows a DAG with some of its most important concepts. 
A research project is typically interested in estimating the e�ect of 
one or more causes of interest on one or more outcomes of interest. 

Cause of 
interest 

Collider 

Outcome 
of interest 

Confounder 

Mediator 

Figure 2: Basic elements of a directed acyclic graph: cause, 
outcome, mediator, confounder (common cause), and collider 
(common e�ect). 

This e�ect is the causal estimand. Sometimes, the researcher is inter-
ested in the total e�ect of the cause of interest (e.g. an experimental 
intervention) on an outcome of interest (e.g. a measured dependent 
variable), encompassing all possible causal pathways. However, 
there are cases where the researcher might be interested in its di-
rect e�ect, excluding any e�ects mediated by other variables. The 
variables that account for these relationships are called mediators, 
and they explain why a certain causal e�ect exists. For example, 
when testing the e�ect of a new interface design on the perceived 
usability of a website, the team might be interested in the total e�ect 
of the design or in the individual contribution of each new feature 
of the design (e.g. the new layout, the new colour scheme)—the 
e�ect of these features, therefore, mediate the e�ect of the interface 
design. Other variables might bias the observed causal estimand if 
they are not appropriately accounted for. Confounders are variables 
that in�uence both the cause and the outcome of interest and, if not 
controlled for, can bias the e�ect estimate. Colliders are common 
e�ects of the cause and outcome of interest. They should not be 
controlled for, as adjusting for colliders can create spurious asso-
ciations between the cause and outcome of interest, even if one 
does not exist. We will revisit and show examples of these biases in 
Section 4.5. 

The visual nature of DAGs makes theoretical assumptions easy 
to visualise and discuss. Their simplicity allows those with mini-
mal formal training in causal inference or research design to ex-
plore complex relationships between variables. Whether formally 
speci�ed by a research team, sketched out during a brainstorm-
ing session, or discussed on the back of a napkin with a research 
participant, DAGs provide a structured way to articulate causal 
hypotheses. Such versatility makes them a powerful tool for theo-
rising in a �eld where consultative and collaborative practices are at 
the core of its ethos. Nevertheless, DAGs support robust statistical 
methods, with packages in R (e.g. dagitty [69]) and python (e.g. 
DoWhy [60]) for drawing and analysing causal graphs. In addition, re-
cent works in the �eld of Information Visualisation have produced 
excellent causal visualisation tools that can support theorising with 
DAGs [29, 75, 76]. As a recent example, Guo et al. [29]’s CausalVis 
supports not only causal diagramming with DAGs but also causal 
inference tasks, including cohort construction and re�nement and 
treatment e�ect exploration. 

5

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

Different theoretical assumptions

E,E,S estimates the 
latent usability 
construct

CHI ’25, April 26–May 01, 2025, Yokohama, Japan Velloso and Hornbæk 

EfficiencyUsability 

Effectiveness 

Satisfaction 

Efficiency Usability 
perception 

Effectiveness 

Satisfaction 

(a) (b) 

Figure 7: Di�erent theoretical assumptions for the relation-
ship between usability, e�ectiveness, e�ciency, and satisfac-
tion. Is usability the cause or the e�ect? 

the bottom two: a sense of understanding of causal mechanisms 
and control of events. Among the forms that theory can take, also 
identi�ed by Reynolds—set of laws, axiomatic, and causal process— 
we focus on the latter. However, this focus does not restrict us to 
any particular kind of evidence. Both quantitative and qualitative 
data are compatible with causal modelling, as are experimental and 
observational studies. They are useful to structure claims regard-
less of their source and strength of evidence. A DAG can represent 
assumptions derived from your intuition as well as those with sub-
stantial evidence reported in previous works; the reasoning behind 
them can be elaborated in the accompanying verbal explanation. 

Causal models can be used to theorise both about the problem 
space and the solution space. You can use a DAG to formalise your 
assumptions about the causes of a problem (e.g. Figure 14) as well 
as to predict the e�ects of a new interactive solution (e.g. Figure 5). 
Their modular structure also invites explorations within the theory 
space—by extending them, removing nodes, expanding mediating 
pathways, providing new explanations, and so on. To illustrate their 
versatility, Table 2 exempli�es the uses of causal models at di�erent 
stages of the research lifecycle. In the next sections, we provide 
a practical overview of opportunities and challenges for DAGs in 
HCI theory-building and make the case for their usefulness in both 
quantitative and qualitative research. 

4 Ten opportunities for HCI theorising with 
causal models 

So far, we have provided a general structure for how to theorise 
using causal models. Now, we o�er reasons for why this is a good 
theorising tactic for HCI research. 

We use several examples from the literature to discuss the follow-
ing opportunities for causal models as conceptual representations of 
theoretical claims: they make theoretical assumptions explicit, they 
reveal the theoretical value of a research question, they help decide 
which variables to include in a statistical model, they give mean-
ing to regression coe�cients, they allow for an easier extension 
by future work, they reveal testable implications, they highlight 
where interventions should focus, they shift the focus away from 
null hypothesis testing towards the data-generating process behind 
the phenomenon of interest, and they help identify limitations in 

Figure 8: (a) DAG for Fitts’s Law assuming that movement 
time (MT) is determined by the index of di�culty (ID) and 
the input device (Dev). Once you stratify by ID, any observed 
di�erences in MT are due to the device. (b) A di�erent DAG 
for Fitts’s Law: movement time depends on ID and the user’s 
experience with the device. Once you stratify by ID, any ob-
served di�erences in MT could be due to the device or the 
user. 

the study design. These opportunities can be leveraged at multiple 
stages of the research lifecycle depicted in Table 2. 

4.1 Make your theoretical assumptions explicit 
Through their graphical form, DAGs make explicit claims about the 
direction and nature of the relationship between variables. These 
assumptions have consequences for the appropriateness of the 
application of theory. For example, e�ectiveness, e�ciency, and sat-
isfaction are elements of the user experience commonly associated 
with the concept of usability and, as such, are often used as usability 
measures [27]. This implies the DAG in Figure 7(a). However, an-
other potential theoretical assumption for this relationship is that 
after experiencing an e�ective, e�cient, and satisfactory interface, 
users will report the perception of high usability, as depicted in 
the DAG in Figure 7(b). This distinction has important theoretical 
consequences—it is the di�erence between using these measures 
to estimate a latent usability experience or using them to predict 
usability scores. 

A more contentious example is in the theoretical discussions 
around the appropriate use of Fitts’s law for measuring the perfor-
mance of pointing devices. Fitts’s law models the movement time 
to reach a target as a function of the distance from the pointer to 
the target and the size of the target. Beyond the discussions around 
its many mathematical formulations, there is also controversy in 
the theoretical assumptions behind them. 

The most popular account, as popularised by MacKenzie [44] and 
made o�cial in the ISO 9241-9 standard [24] for evaluating pointing 
devices, says that once the index of di�culty (a logarithmic measure 
combining the distance and the width) is controlled, performance 
di�erences are due to the device performance. The DAG in Figure 
8(a) illustrates this. 

However, as Drewes points out [19], Fitts’s original idea was that 
pointing performance is limited by one’s information processing 
capacity. In this account, any di�erences in performance are due to 
the user: any device e�ect being due to lack of experience in using it 
rather than any property inherent to the device itself. This implies 
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Overall SatisfactionOverall Satisfaction

How satisfied are you with the course overall? very satisfiedvery dissatisfied n=64
mw=4.7
md=5
s=1.1
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Overall, how satisfied are you with the realization of the
course (e. g., course mode, portion of interactive and
asynchronous elements, etc.)?

very satisfiedvery dissatisfied n=64
mw=4.5
md=5
s=1.1

0% 0% 21.9% 23.4% 34.4% 20.3%

Questions on the Instructor Chatchavan WacharamanothamQuestions on the Instructor Chatchavan Wacharamanotham

How satisfied are you with the instructor overall? very satisfiedvery dissatisfied n=64
mw=5.1
md=5.5
s=1.1

1.6% 0% 12.5% 4.7% 31.3% 50%

The instructor taught the content in a clear and
comprehensible manner.

strongly agreestrongly disagree
n=63
mw=5
md=5
s=1.1
E.=1

1.6% 0% 9.5% 15.9% 30.2% 42.9%

The instructor presented the lecture in a structured way 
(structure, transparency, common thread).
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s=0.9
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Amazing teacher, i even nominated him for best teacher in tag der lehre

Chat is an amazing professor. I especially always looked forward to his classes, even if one was very early at 8:30. I also really liked how
unconventional the course was and it is surprising this is the first time the course is being conducted as it was so well structured.

Universität Zürich, Evaluationen in der Lehre

21.12.2024 evasys-Auswertung Seite 1

Fundamentals of People-Oriented Computing (Vorlesung mit integrierter Übung),
HS 2024
 

Chatchavan Wacharamanotham
Erfasste Fragebögen: 64  

Legende
Fragetext Rechter PolLinker Pol

n=Anzahl
mw=Mittelwert
md=Median
s=Std.-Abw.
E.=Enthaltung

25% 0% 50% 0% 25%

Relative Häufigkeiten der Antworten Std.-Abw. Mittelwert Median

Skala Histogramm

Overall SatisfactionOverall Satisfaction

How satisfied are you with the course overall? very satisfiedvery dissatisfied n=64
mw=4.7
md=5
s=1.1

0% 4.7% 9.4% 21.9% 40.6% 23.4%

Overall, how satisfied are you with the realization of the
course (e. g., course mode, portion of interactive and
asynchronous elements, etc.)?

very satisfiedvery dissatisfied n=64
mw=4.5
md=5
s=1.1

0% 0% 21.9% 23.4% 34.4% 20.3%

Questions on the Instructor Chatchavan WacharamanothamQuestions on the Instructor Chatchavan Wacharamanotham

How satisfied are you with the instructor overall? very satisfiedvery dissatisfied n=64
mw=5.1
md=5.5
s=1.1

1.6% 0% 12.5% 4.7% 31.3% 50%

The instructor taught the content in a clear and
comprehensible manner.

strongly agreestrongly disagree
n=63
mw=5
md=5
s=1.1
E.=1

1.6% 0% 9.5% 15.9% 30.2% 42.9%

The instructor presented the lecture in a structured way 
(structure, transparency, common thread).

strongly agreestrongly disagree
n=63
mw=4.8
md=5
s=1.1
E.=1

3.2% 0% 7.9% 19% 39.7% 30.2%

The instructor displays convincing professional expertise. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=1
E.=1

1.6% 0% 4.8% 14.3% 31.7% 47.6%

The instructor used various strategies to motivate the
students to actively participate in the course units.

strongly agreestrongly disagree
n=63
mw=5.1
md=5
s=1
E.=1

0% 0% 7.9% 19% 28.6% 44.4%

The instructor responded to questions and concerns of
the participants.

strongly agreestrongly disagree
n=61
mw=5.2
md=6
s=1.1
E.=1

0% 1.6% 8.2% 14.8% 18% 57.4%

The instructor was reasonably available. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=0.9
E.=1

0% 0% 7.9% 11.1% 31.7% 49.2%

Comments regarding the positive aspects concerning the instructor (optional):

Amazing teacher, i even nominated him for best teacher in tag der lehre

Chat is an amazing professor. I especially always looked forward to his classes, even if one was very early at 8:30. I also really liked how
unconventional the course was and it is surprising this is the first time the course is being conducted as it was so well structured.

Red: AverageSDRelative frequency of each answer

(average)
(median)

Blue:

Universität Zürich, Evaluationen in der Lehre

21.12.2024 evasys-Auswertung Seite 1

Fundamentals of People-Oriented Computing (Vorlesung mit integrierter Übung),
HS 2024
 

Chatchavan Wacharamanotham
Erfasste Fragebögen: 64  

Legende
Fragetext Rechter PolLinker Pol

n=Anzahl
mw=Mittelwert
md=Median
s=Std.-Abw.
E.=Enthaltung

25% 0% 50% 0% 25%

Relative Häufigkeiten der Antworten Std.-Abw. Mittelwert Median

Skala Histogramm

Overall SatisfactionOverall Satisfaction

How satisfied are you with the course overall? very satisfiedvery dissatisfied n=64
mw=4.7
md=5
s=1.1

0% 4.7% 9.4% 21.9% 40.6% 23.4%

Overall, how satisfied are you with the realization of the
course (e. g., course mode, portion of interactive and
asynchronous elements, etc.)?

very satisfiedvery dissatisfied n=64
mw=4.5
md=5
s=1.1

0% 0% 21.9% 23.4% 34.4% 20.3%

Questions on the Instructor Chatchavan WacharamanothamQuestions on the Instructor Chatchavan Wacharamanotham

How satisfied are you with the instructor overall? very satisfiedvery dissatisfied n=64
mw=5.1
md=5.5
s=1.1

1.6% 0% 12.5% 4.7% 31.3% 50%

The instructor taught the content in a clear and
comprehensible manner.

strongly agreestrongly disagree
n=63
mw=5
md=5
s=1.1
E.=1

1.6% 0% 9.5% 15.9% 30.2% 42.9%

The instructor presented the lecture in a structured way 
(structure, transparency, common thread).

strongly agreestrongly disagree
n=63
mw=4.8
md=5
s=1.1
E.=1

3.2% 0% 7.9% 19% 39.7% 30.2%

The instructor displays convincing professional expertise. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=1
E.=1

1.6% 0% 4.8% 14.3% 31.7% 47.6%

The instructor used various strategies to motivate the
students to actively participate in the course units.

strongly agreestrongly disagree
n=63
mw=5.1
md=5
s=1
E.=1

0% 0% 7.9% 19% 28.6% 44.4%

The instructor responded to questions and concerns of
the participants.

strongly agreestrongly disagree
n=61
mw=5.2
md=6
s=1.1
E.=1

0% 1.6% 8.2% 14.8% 18% 57.4%

The instructor was reasonably available. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=0.9
E.=1

0% 0% 7.9% 11.1% 31.7% 49.2%

Comments regarding the positive aspects concerning the instructor (optional):

Amazing teacher, i even nominated him for best teacher in tag der lehre

Chat is an amazing professor. I especially always looked forward to his classes, even if one was very early at 8:30. I also really liked how
unconventional the course was and it is surprising this is the first time the course is being conducted as it was so well structured.

(abstention)

Universität Zürich, Evaluationen in der Lehre

21.12.2024 evasys-Auswertung Seite 1

Fundamentals of People-Oriented Computing (Vorlesung mit integrierter Übung),
HS 2024
 

Chatchavan Wacharamanotham
Erfasste Fragebögen: 64  

Legende
Fragetext Rechter PolLinker Pol

n=Anzahl
mw=Mittelwert
md=Median
s=Std.-Abw.
E.=Enthaltung

25% 0% 50% 0% 25%

Relative Häufigkeiten der Antworten Std.-Abw. Mittelwert Median

Skala Histogramm

Overall SatisfactionOverall Satisfaction

How satisfied are you with the course overall? very satisfiedvery dissatisfied n=64
mw=4.7
md=5
s=1.1

0% 4.7% 9.4% 21.9% 40.6% 23.4%

Overall, how satisfied are you with the realization of the
course (e. g., course mode, portion of interactive and
asynchronous elements, etc.)?

very satisfiedvery dissatisfied n=64
mw=4.5
md=5
s=1.1

0% 0% 21.9% 23.4% 34.4% 20.3%

Questions on the Instructor Chatchavan WacharamanothamQuestions on the Instructor Chatchavan Wacharamanotham

How satisfied are you with the instructor overall? very satisfiedvery dissatisfied n=64
mw=5.1
md=5.5
s=1.1

1.6% 0% 12.5% 4.7% 31.3% 50%

The instructor taught the content in a clear and
comprehensible manner.

strongly agreestrongly disagree
n=63
mw=5
md=5
s=1.1
E.=1

1.6% 0% 9.5% 15.9% 30.2% 42.9%

The instructor presented the lecture in a structured way 
(structure, transparency, common thread).

strongly agreestrongly disagree
n=63
mw=4.8
md=5
s=1.1
E.=1

3.2% 0% 7.9% 19% 39.7% 30.2%

The instructor displays convincing professional expertise. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=1
E.=1

1.6% 0% 4.8% 14.3% 31.7% 47.6%

The instructor used various strategies to motivate the
students to actively participate in the course units.

strongly agreestrongly disagree
n=63
mw=5.1
md=5
s=1
E.=1

0% 0% 7.9% 19% 28.6% 44.4%

The instructor responded to questions and concerns of
the participants.

strongly agreestrongly disagree
n=61
mw=5.2
md=6
s=1.1
E.=1

0% 1.6% 8.2% 14.8% 18% 57.4%

The instructor was reasonably available. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=0.9
E.=1

0% 0% 7.9% 11.1% 31.7% 49.2%

Comments regarding the positive aspects concerning the instructor (optional):

Amazing teacher, i even nominated him for best teacher in tag der lehre

Chat is an amazing professor. I especially always looked forward to his classes, even if one was very early at 8:30. I also really liked how
unconventional the course was and it is surprising this is the first time the course is being conducted as it was so well structured.

Universität Zürich, Evaluationen in der Lehre

21.12.2024 evasys-Auswertung Seite 1

Fundamentals of People-Oriented Computing (Vorlesung mit integrierter Übung),
HS 2024
 

Chatchavan Wacharamanotham
Erfasste Fragebögen: 64  

Legende
Fragetext Rechter PolLinker Pol

n=Anzahl
mw=Mittelwert
md=Median
s=Std.-Abw.
E.=Enthaltung

25% 0% 50% 0% 25%

Relative Häufigkeiten der Antworten Std.-Abw. Mittelwert Median

Skala Histogramm

Overall SatisfactionOverall Satisfaction

How satisfied are you with the course overall? very satisfiedvery dissatisfied n=64
mw=4.7
md=5
s=1.1

0% 4.7% 9.4% 21.9% 40.6% 23.4%

Overall, how satisfied are you with the realization of the
course (e. g., course mode, portion of interactive and
asynchronous elements, etc.)?

very satisfiedvery dissatisfied n=64
mw=4.5
md=5
s=1.1

0% 0% 21.9% 23.4% 34.4% 20.3%

Questions on the Instructor Chatchavan WacharamanothamQuestions on the Instructor Chatchavan Wacharamanotham

How satisfied are you with the instructor overall? very satisfiedvery dissatisfied n=64
mw=5.1
md=5.5
s=1.1

1.6% 0% 12.5% 4.7% 31.3% 50%

The instructor taught the content in a clear and
comprehensible manner.

strongly agreestrongly disagree
n=63
mw=5
md=5
s=1.1
E.=1

1.6% 0% 9.5% 15.9% 30.2% 42.9%

The instructor presented the lecture in a structured way 
(structure, transparency, common thread).

strongly agreestrongly disagree
n=63
mw=4.8
md=5
s=1.1
E.=1

3.2% 0% 7.9% 19% 39.7% 30.2%

The instructor displays convincing professional expertise. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=1
E.=1

1.6% 0% 4.8% 14.3% 31.7% 47.6%

The instructor used various strategies to motivate the
students to actively participate in the course units.

strongly agreestrongly disagree
n=63
mw=5.1
md=5
s=1
E.=1

0% 0% 7.9% 19% 28.6% 44.4%

The instructor responded to questions and concerns of
the participants.

strongly agreestrongly disagree
n=61
mw=5.2
md=6
s=1.1
E.=1

0% 1.6% 8.2% 14.8% 18% 57.4%

The instructor was reasonably available. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=0.9
E.=1

0% 0% 7.9% 11.1% 31.7% 49.2%

Comments regarding the positive aspects concerning the instructor (optional):

Amazing teacher, i even nominated him for best teacher in tag der lehre

Chat is an amazing professor. I especially always looked forward to his classes, even if one was very early at 8:30. I also really liked how
unconventional the course was and it is surprising this is the first time the course is being conducted as it was so well structured.

Q1.

Q2.

1 2 3 4 5 6



Exercise

26

Ordering Direction

Sequential Diverging Cyclic

Identify type and ordering direction of the following measurements.

No meaningful 
order

Meaningful 
order

Meaningful 
order  
+ 

Consistent 
interval

Date 
Day of week 
Clock time 
Duration 
Weather condition (sunny, cloudy…) 
Temperature (°C) 
5-point response (Strongly disagree to strongly agree) 
City name 
Phone number
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asynchronous elements, etc.)?

very satisfiedvery dissatisfied n=64
mw=4.5
md=5
s=1.1

0% 0% 21.9% 23.4% 34.4% 20.3%

Questions on the Instructor Chatchavan WacharamanothamQuestions on the Instructor Chatchavan Wacharamanotham

How satisfied are you with the instructor overall? very satisfiedvery dissatisfied n=64
mw=5.1
md=5.5
s=1.1

1.6% 0% 12.5% 4.7% 31.3% 50%

The instructor taught the content in a clear and
comprehensible manner.

strongly agreestrongly disagree
n=63
mw=5
md=5
s=1.1
E.=1

1.6% 0% 9.5% 15.9% 30.2% 42.9%

The instructor presented the lecture in a structured way 
(structure, transparency, common thread).

strongly agreestrongly disagree
n=63
mw=4.8
md=5
s=1.1
E.=1

3.2% 0% 7.9% 19% 39.7% 30.2%

The instructor displays convincing professional expertise. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=1
E.=1

1.6% 0% 4.8% 14.3% 31.7% 47.6%

The instructor used various strategies to motivate the
students to actively participate in the course units.

strongly agreestrongly disagree
n=63
mw=5.1
md=5
s=1
E.=1

0% 0% 7.9% 19% 28.6% 44.4%

The instructor responded to questions and concerns of
the participants.

strongly agreestrongly disagree
n=61
mw=5.2
md=6
s=1.1
E.=1

0% 1.6% 8.2% 14.8% 18% 57.4%

The instructor was reasonably available. strongly agreestrongly disagree
n=63
mw=5.2
md=5
s=0.9
E.=1

0% 0% 7.9% 11.1% 31.7% 49.2%

Comments regarding the positive aspects concerning the instructor (optional):

Amazing teacher, i even nominated him for best teacher in tag der lehre

Chat is an amazing professor. I especially always looked forward to his classes, even if one was very early at 8:30. I also really liked how
unconventional the course was and it is surprising this is the first time the course is being conducted as it was so well structured.



Scales of measurement
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Properties Examples of operations Example

Categorical  
        = Nominal

Can determine 
equality or difference

• Frequency 
• Mode

Task success vs. error

Ordinal + Greater or less
+Median 
+Percentiles

Rank preference of the UIs

Interval 
      = Quantitative

+ One interval is the 
same size regardless 
of its location

+Calculate differences 
+Mean 
+Standard deviation

Task completion time relative to 
average

Ratio
+ Has a meaningful 
zero point

+Calculate ratio (e.g., 
“twice”, “three times”)

Task completion time

Stevens, S. S. (1946). On the theory of scales of measurement. Science, 103(2684), 677-680.

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

https://doi.org/10.1126/science.103.2684.677


One construct, operationalized on multiple scales
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Properties Example from the “Effectiveness” construct

Categorical  
        = Nominal

Can determine equality or 
difference

Number of successful tasks in an open-ended usage

Ordinal + Greater or less Rank of conditions based on the success rate

Interval 
      = Quantitative

+ One interval is the same 
size regardless of its location

Success rate relative to the average

Ratio + Has a meaningful zero point Success rate from a fixed number of tasks



Rating questions
Likert-style question: Individual rating question 

Example: 

Measurement on the ordinal scale 

✔ Reporting frequency of each rating 

✔ Reporting median 

✗  Reporting average across participants
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(abstention)

Q1.

Direct interpretation is 
problematic 

Useful for diagnosis



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

empirically show to have interval-scale properties 

✔ Can analyze and report scores averaged across participants
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Do not agree 
at all Do fully agree

1   2   3   4   5   6   7 
1   2   3   4   5   6   7 
1   2   3   4   5   6   7 
1   2   3   4   5   6   7 
1   2   3   4   5   6   7

Simplicity facet of the Visual aesthetic scale

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

1. The layout appears too dense.  
2. The layout is easy to grasp. 
3. The layout appears well structured. 
4. The site appears patchy.  
5. Everything goes together on this site.

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


Summary
A theoretical construct may have several ways to measure 

An operational definition specifies one way to measure the construct 

Measurements are in different scales, and they allows answering different 

types of questions
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Homework
Everyone read: Gravetter & Forzano (2016): Chapter 3 Defining and measuring variables. 
• 3.2 Constructs and Operational Definitions 
• 3.4 Scale of measurement
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According to your reading group: Review the materials and prepare to 
explain important concepts to your classmates next Tuesday 

• Adler: Adler (1992) Chapters 11–13 + first two pages of Ch. 14 
• Wobbrock: Wobbrock & Kientz (2016) first 4 pages 
• McGrath: Read pages 8–15 in McGrath (1995) 
• Gravetter: Gravetter & Forzano (2016) section 3.3 Validity and reliability of 
measurement 

• Hornbæk: Hornbæk (2006) - Choose 3 operational definitions of a 
construct and prepare to explain and contrast different ways of 
measurements

Reading materials are provided on OLAT

Install R and RStudio: Instructions will be on OLAT ▸ Materials ▸ 00 Key Info ▸ R installation instructions



This Thursday: 19 Feb. No lecture 
Self-study at home.  

If you have not received the test 
notification from OLAT, talk to Chat
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Supplemental slides
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Exercise solution
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Ordering Direction

Sequential Diverging Cyclic

Identify type and ordering direction of the following measurements.

No meaningful 
order

Meaningful 
order

Meaningful 
order  
+ 

Consistent 
interval

Date 
Day of week 
Clock time 
Duration 
Weather condition (sunny, cloudy…) 
Temperature (°C) 
5-point response (Strongly disagree to strongly agree) 
City name 
Phone number



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?
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Which of the following are you most familiar with?
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Max. concern

with generality

Max. concern
with context

Max. concern with 
precision of measurement

I

IIII
IIII

IV IV

III

Field
Experiments

Field
Studies

Computer
Simulations

Formal
Theory

Sample
Surveys

Judgement
Tasks

Laboratory
Experiments

Experimental
Simulations

Particular Behavior SystemsUniversal Behavior Systems

Unobtrusive

Research
Operations

Obtrusive

Research
Operations

McGrath

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

Adler Wobbrock

None

Note down your choice


