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Research Methods and Statistics

Lecture 1: What is Science?
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Pictures source: pixabay.org



Overview of Today

1) Practical information

2) Why scientific research?

Break

3) Properties of scientific research
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Practical information

Johnny van DoornRiet van Bork
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Practical information
• 4 blocks of 4 weeks: check rooster.uva.nl for location, this

might differ for different lectures!

• Block 1 to 3:
– Week 1: Research methods

– 2 lectures (Tuesday and Thursday)

• 1 mandatory weekly assignment (except week 1 of block 1)

– Week 2: Statistics

• 2 lectures (Tuesday and Thursday)

• 1 mandatory weekly assignment

– Week 3: Statistics

• 2 lectures (Tuesday and Thursday)

• 1 mandatory weekly assignment

– Week 4: Interim Exam

• No lectures

• Weekly assignment = practice exam
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Practical information
• Block 4:

– Week 1: Statistics

• 2 lectures (Tuesday and Thursday)

• 1 mandatory weekly assignment

– Week 2: Statistics

• 2 lectures (Tuesday and Thursday)

• 1 mandatory weekly assignment

– Week 3: Statistics

• 2 lectures (Tuesday and Thursday)

• 1 mandatory weekly assignment

– Week 4: Interim Exam

• No lectures

• Weekly assignment = practice exam
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Practical information

Exam I:

Exam II:

Exam III:

Exam IV:

Ch 1, 2, 5

Ch 3, 6, 7, 8, 10

Ch 4, 11, 12, 13, 14

Ch1-Ch3, Ch5

Ch 6 – Ch 8

Ch 9 – Ch 11

Ch 12, 14 +
Bayes book

Source excel logo: wikipedia.nlPic. difficulty meter: https://www.seobility.net/en/wiki/Keyword_Difficulty

Research Methods 
(Morling)

Statistics
(Agresti)

-

Check Canvas -> Modules for the
exact exam material



The Books

7Picture source: https://blackwells.co.uk/bookshop/product/9781324085843/ and https://www.bol.com/nl/nl/p/statistics-the-art-and-
science-of-learning-from-data-global-edition/9300000094203211
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The Books
• Morling, B. (2021). Research methods in psychology (5th ed.). 

New York: Norton. ISBN: 978-1324085805. 
– other ISBNs as well but check whether it is the “international student edition” 

and that it is “5th edition”.

– Note: the 4th edition is also acceptable, as changes are minor — please note 
that using this edition is at your own discretion and may occasionally require 
extra care to page references and exercises

• Agresti, A., Franklin, C., Klingenberg, B. (2022). Statistics: The 
Art and Science of Learning from Data (5th ed.). Pearson. 
ISBN: 978-1292444765.
– Note: the 4th edition is also acceptable, as changes are minor — please note 

that using this edition is at your own discretion and may occasionally require 
extra care to page references and exercises.

• van Doorn, J. (2024). A Brief Introduction to Bayesian 
Inference: From Tea to Beer. 8

https://johnnydoorn.github.io/IntroductionBayesianInference/
https://johnnydoorn.github.io/IntroductionBayesianInference/
https://johnnydoorn.github.io/IntroductionBayesianInference/
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Exams
• There are four interim exams: See Canvas 

for the exact study material

• Each interim exam:
– 25 multiple choice questions (25 points)

– Open question (5 points)

– Total: 30 points

– 90 minutes

– Practice with the software (e.g., Ans 
calculator)

– Practice with the calculations (speed)

– RM/S questions proportional to lectures

• Resit: no partial resits, only full resit (unless 
study advisor gave explicit permission)

• Please communicate any exam/study-
interference (e.g., mental health, death in 
family, etc.) with study advisor



Exams

• ‘Introductory psychology and brain & 
cognition’ and ‘Research methods and
statistics’ exams together

• You can choose order yourself
• When you leave the exam hall you cannot go 

back in, so do not leave inbetween the two
exams

• Each 90 minutes
• Remember Uvanet id + password
• Bring uva card
• Be on time
• More info: 

https://canvas.uva.nl/courses/54028/pages/
examinations
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https://canvas.uva.nl/courses/54028/pages/examinations
https://canvas.uva.nl/courses/54028/pages/examinations


Student Website

• https://student.uva.nl/en
– Exam regulations

• https://student.uva.nl/en/topics/teaching-and-examination-regulations-and-other-
regulations

– Common topics (e.g., registration, tech-support) 
and who to contact

• Canvas page for additional resources
– https://canvas.uva.nl/courses/54028

– Discussion board for questions about content
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Weekly Assignments (WA)

• Provides extra practice
• Not necessarily same structure as exam

– Practice exam in week 4 of each block 

• Deadline Sunday 23:55 (no WA this first week)
• Missing WA's will result in point deduction

• The WAs are mandatory for all students, also 
during the exam weeks, and also for non-
psychology students and students who take the 
course again
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WA’s in Ans
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See Canvas -> Modules -> Weekly Assignment for more information



Whatsapp group

• Student initiative: "We've created a group chat for all first-
year students to get to know each other better and help each 
other out, but not everyone is in yet."
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Overview of Today

1) Practical information

2) Why scientific research?

Break

3) Properties of scientific research
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Who am I?
• Assistant professor in the psychological methods

group

• Research at the intersection of statistics and
philosophy of science

16

Methods
& statistics

Philosophy
of scienceWhy do we prefer ‘simpler’ 

models over ‘complex’ models?

What assumptions go 
into our measurement
models, and what do 
they mean?

What is …?



What is scientific psychology?
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Source: https://www.totalgirl.com.au/activity/what-sort-of-friend-
are-you-557659
And https://www.cosmopolitan.com/sex-love/a5793695/quiz-
walking-style-relationship/
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What is scientific psychology?

18Source: https://soccermatics.medium.com/how-swedes-were-fooled-by-one-of-
the-biggest-scientific-bluffs-of-our-time-de47c82601ad
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Gaining knowledge

Scientific research ‘Everyday methods’

– Experience

– Intuition

– Authority

Why Science?
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Experience

Gaining knowledge on basis of experience

e.g., study drugs

Picture source flickr.com



Experience

Study drug No study drug

Passed exam 8 students 280 students

Failed exam 2 students 70 students

Percentage passed:               80%                              80%
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Picture source flickr.com



No comparison group

Study drug No drug

Passed exam 8 students 280 students

Failed exam 2 students 70 students

Percentage passed:               80%                              80%
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Picture source flickr.com
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Relation arithmetic skill and shoe size
in primary schools

Shoe size

Arithmetic skill

Grade 4

Grade 5

Grade 6

Grade 7
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Confounds

arithmatic skill

age

Variable “age” is a confound

shoe size



Confounds
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Across places there is a positive correlation between
fire stations and number of babies born.. 

Picture source: pixabay.com



Confounds

What about the positive correlation between ice 
cream sales and drownings?

27
Picture source: pixabay.com
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Confounds

When studying the effect of X on Y, a confound is 
another variable C that gives an alternative 
explanation for the relation between X and Y

In personal experiences it is not possible to isolate 
variables, which makes it hard to infer which of 
the many possible variables explains some 
effect.



Experience vs scientific research

Comparison group

Controls for confounders

29

Experience Scientific research
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Gaining knowledge

Scientific research ‘Everyday methods’

– Experience

– Intuition

– Authority

Why Science?



Intuition

• Good story bias

People tend to believe convincing stories

– E.g., opposites attract

– E.g., express anger to blow off steam/release pressure

31



32Source: https://twitter.com/zeg_eens_aad
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Drinking a lot of water in one go, because (some) animals in the wild do it

* Dancing weirdly around a woman in the pub with two
snacks in my mouth*: That’s how animals do it!!

https://twitter.com/zeg_eens_aad



Good story bias

• Influencers who advise
not to wear sunglasses
or use sunscreen

34
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Good story bias

Intuition that ‘natural’ is better + a “good story” convinces people, but dermatologist
and eye doctor warn that these stories are harmful and dangerous

Sources: https://www.omroepbrabant.nl/nieuws/4323204/geen-zonnebrandcreme-of-zonnebril-influencers-maken-gevaarlijke-claims
And https://www.ikiguides.nl/zonnetraining-blueprint
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Intuition

• Good story bias
– People tend to believe good stories
– E.g., opposites attract
– E.g., express anger to blow off steam/release pressure

• Availability heuristic
– People put more weight on information that comes to mind easily
– E.g., plane crashes vs car accidents

• Present/present bias
– Fail to consider comparison group information
– For two things that are notable we start to see an association because the cases in which both

are present are most notable (see also ‘illusory correlation’)
– E.g., thinking of friend before they call

• Confirmation bias
– Focusing on information that agrees with your view
– E.g., bias in google searches (“study drugs effective”)

You think that you are invulnerable to all of these biases? Ok, one more:

• Bias blind spot

36
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Gaining knowledge

Scientific research ‘Everyday methods’

– Experience

– Intuition

– Authority

Why Science?



Authority

• Accept something because an authority said so

• How did the authority get the knowledge?

– Personal experience?

– Intuition?

– Research in the authority’s field?

• In the last case, where the authority bases the
knowledge on research in their area of expertise, it
can be reasonable to accept it.

38
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Gaining knowledge

Scientific research ‘Everyday methods’

– Experience

– Intuition

– Authority

Science?



Overview of Today

1) Practical information

2) Why scientific research?

3) Properties of scientific research

40
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Properties of scientific research

I. The empirical cycle

II. Correction mechanism

III. Making science open



Properties of science

• Scientists are part of a community and as such
follow a set of norms (shared expectations about
how they should act)

• These norms may differ across different 
disciplines and across places and time!

• Psychology is an empirical science and an
important norm is that we follow the empirical
cycle

42



The empirical cycle

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

Adriaan de Groot

1914 - 2006

In book: “Theory-data cycle” → incomplete
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Observation

Studies start with an observation, e.g.:

• Previous research

• An ‘everyday method’ such as experience

Example:
Someone orders drinks at the bar. The bartender turns around to grab the
drinks, turns back, and forgot who to give the drinks to!

Source image: pixabay.com



The empirical cycle

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

Adriaan de Groot

1914 - 2006

In book: “Theory-data cycle” → incomplete
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Induction

• Inductive inference is based on generalization from a 
specific set of observations (‘this swan is white, that
swan is white’) to a general claim (‘all swans are white’)

• In deductive inferences you go from a general claim 
(‘all dogs bark’) to something specific (‘Bobby is a dog 
so Bobby barks’).

• In deductive inferences the conclusion follows logically, 
but inductive inferences are fallible

• In Morling (the book), the fact that empirical sciences
(like psychology) rely on induction is given as a reason
for why empirical researchers do not use the word 
‘prove’: observations can support a theory but not
prove it

46
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Induction

Induction: The process of coming up

with a theory that explains your observation

Observation → Theory

• Search the literature:

- PsychINFO

- Google Scholar

• Make your own theory



Induction

Example:
OBSERVATION: Bartender fails to identify me as the initial
customer

THEORY: Selective attention theory: Individuals have a 
tendency to process information from only one part of 
the environment with the exclusion of other parts

RESEARCH QUESTION: In a conversation, do people
encode the main characteristics of their conversation
partner if there is something more important to process
(e.g., the order of drinks)?

49



Theory

Theory: A set of statements that describe general
principles about how variables relate to one
another

• A good theory is:

– Supported by data from previous studies

– Falsifiable

– …

50
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Falsifiability

Karl Popper 

1902 - 1994 

It needs to be possible to observe something that

contradicts the theory (i.e., that will lead you to reject the

theory) 

Falsifiable, e.g.,:

• General relativity theory: 

• Solar eclipse (Eddington experiment)

→ specific prediction of light deflection

that could be wrong!!

• Selective attention theory:

• Falsify if changes in the background are

being noticed
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Falsifiability

• Not falsifiable:

- ‘Human beings are operated by little
gnomes who live in your head and
disappear when you look at them’

- ‘There is a small powerful elite that secretly governs the
world and leaves no trace’

- ‘Facilitated communication works but stops working
when you question it’

Picture source: pixabay.com
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Falsifiability

• Generally, when constructing a 
theory, think about in what cases you
would be prepared to reject the
theory

• If you cannot come up with possible
observations in research that would
contradict your theory such that you
would reject it, then you have a 
problem..

Karl Popper 

1902 - 1994 



The empirical cycle

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

Adriaan de Groot

1914 - 2006

In book: “Theory-data cycle” → incomplete
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Deduction

Deduction in the empirical cycle: The process of 
deriving a prediction that follows from your
theory by means of a hypothesis

Theory→ Hypothesis

Hypothesis: An answer to your research question 
derived from your theory

55



Deduction

Example:

THEORY: Selective attention theory

RESEARCH QUESTION: In a conversation, 
do people encode the main characteristics of their
conversation partner if there is something more 
important to process (e.g., the order of drinks)?

HYPOTHESIS: People will not notice changes in important 
characteristics of their conversation partner if there is 
something else more important to process

56



Prediction

Prediction: A specific event that will occur if your
hypothesis is true. Prediction is about ‘new 
observations’

Operationalize: determine how the conceptual
variables in the hypothesis are measured or 
manipulated

57

HYPOTHESIS: People will not notice changes in important 
characteristics of their conversation partner if there is 
something else more important to process



Prediction

Example:

HYPOTHESIS: People will not notice changes in important 
characteristics of their conversion partner if there is something else 
more important to process

Operationalizations:
- How do you get the participants to focus on something else? 
- How do you replace the conversation partner?
- How do you determine if the participant noticed the change?

PREDICTION: If I take some random people on the street and have a 
conversation partner ask them directions, and then replace
this conversation partner with a new person without them seeing this, 
the participants will not say anything about it.

58



The empirical cycle

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

Adriaan de Groot

1914 - 2006

In book: “Theory-data cycle” → incomplete
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Testing

Testing: The process of verifying your prediction

60

Example:

The ‘door’ study of Simons & Levin (1998)

http://www.youtube.com/watch?v=FWSxSQsspiQ

http://www.youtube.com/watch?v=FWSxSQsspiQ


Results

Noticed the

change

Not noticed the

change

7 8

From: Simons & Levin (1998) 61



The empirical cycle

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

Adriaan de Groot

1914 - 2006

In book: “Theory-data cycle” → incomplete
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Evaluation

The process of reflecting on your study to come
to a new study

Example:
– Number of participants (15)?
– Convincing (8 out of 15)?
– Operationalizations?

• E.g.,: How realistic is the intervening-door situation?
• E.g.,: How appropriate is it to ask people whether they’d seen a change?

– Alternative explanations?
• All 8 participants who did not

notice the change were elderly
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The empirical cycle

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

Adriaan de Groot

1914 - 2006

In book: “Theory-data cycle” → incomplete
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The empirical cycle

Observation Theory

PredictionResults

Induction

Deduction

Testing

Evaluation

Adriaan de Groot

1914 - 2006

In book: “Theory-data cycle” → incomplete
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From general (theory) to
specific (prediction)

From specific
(observation or 

results) to general
(theory)
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Properties of scientific research

I. The empirical cycle

II. Correction mechanism

III. Making science open



Correction mechanisms

Scientists better intuitions or less biased?

No! We rely on methods to correct us

• Maybe my observation is a coincidence?

– Statistical testing

67



Statistical testing

68

Image Source:  Madjarova, S. J., Williams III, R. J., Nwachukwu, B. U., Martin, R. K., Karlsson, J., Ollivier, M., & Pareek, A. (2022). Picking
apart p values: common problems and points of confusion. Knee Surgery, Sports Traumatology, Arthroscopy, 30(10), 3245-3248. 
https://link.springer.com/article/10.1007/s00167-022-07083-3

https://link.springer.com/article/10.1007/s00167-022-07083-3
https://link.springer.com/article/10.1007/s00167-022-07083-3
https://link.springer.com/article/10.1007/s00167-022-07083-3
https://link.springer.com/article/10.1007/s00167-022-07083-3
https://link.springer.com/article/10.1007/s00167-022-07083-3
https://link.springer.com/article/10.1007/s00167-022-07083-3
https://link.springer.com/article/10.1007/s00167-022-07083-3


Correction mechanisms

Scientists better intuitions or less biased?

No! We rely on methods to correct us

• Maybe my observation is a coincidence?

– Statistical testing

• Maybe someone else would do the research differently/ 
recognizes flaws?

– Peer review

69
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Reviewer C

Reviewer A Reviewer B

Editor at Journal

Researcher

Peer Review

Manuscript

70Image: pixabay.com



Correction mechanisms

Scientists better intuitions or less biased?

No! We rely on methods to correct us

• Maybe my observation is a coincidence?

– Statistical testing

• Maybe someone else would do the research differently/ 
recognizes flaws?

– Peer review

• Maybe doing it again would give different results?

– Replication

71



Replication

72
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“weight of the evidence”

pro

pro

con con

con

con

Replication



Correction mechanisms

Scientists better intuitions or less biased?
No! We rely on methods to correct us

• Maybe my observation is a coincidence?
– Statistical testing

• Maybe someone else would do the research differently/ 
recognizes flaws?
– Peer review

• Maybe doing it again would give different results?
– Replication

• Maybe there are confounds?
– Controlled experiment & randomization

74
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Properties of scientific research

I. The empirical cycle

II. Correction mechanism

III. Making science open
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Properties of science

Openness: Everybody can see how you did it

In papers, describe all your
choices, and share code 
online on websites like OSF 
and Github



Properties of science

• You can share preprints as well as accepted
versions of articles on e.g., ResearchGate
and PsyArxiv

77



Properties of science

• Share research findings!

• e.g., through teaching (to students), through
conferences (to colleagues) or through media (to
the general public)

78

At conferences, scientists
share their work with
colleagues. For example, in a 
talk or poster presentation



Today

• Experience and intuition can serve as an
important starting point for scientific research, 
but the scientific method helps protect us against
flaws in these two information sources (e.g., by
adding a comparison group and controlling for
confounders)

• Psychology is an empirical science and the norm 
is to follow (all steps of) the empirical cycle

• Other properties of science are the presence of a 
correction mechanism and that it is open for
others to see how you did it

79
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Chapter review includes summary and practice questions



82

More practice at the end of each major section (green heading)



MC question

Why does Morling (author of the methods book) write
that psychological scientists don’t prove theories?

a) As empiricists we want to support claims with direct 
observations, and observations can not prove general
theories because we never observe all cases.

b) Psychology is an empirical science and therefore structured
observations rather than theories are the goal.

c) Psychology is a complex topic to study that involves many
confounds.

83



MC question

Why does Morling (author of the methods book) write
that psychological scientists don’t prove theories?

a) As empiricists we want to support claims with direct 
observations, and observations can not prove general
theories because we never observe all cases.

b) Psychology is an empirical science and therefore structured
observations rather than theories are the goal.

c) Psychology is a complex topic to study that involves many
confounds.

84

This MC question is based on Ch.1, p.13 in 
Morling, and see also slide 46



MC question

Sara tells Peter that all swans are white. From this
statement, Peter infers that the next swan he will see will
be white. What kind of inference is Peter applying?

a) Inductive inference

b) Deductive inference

c) Both deductive and inductive inference

85



MC question

Sara tells Peter that all swans are white. From this
statement, Peter infers that the next swan he will see will
be white. What kind of inference is Peter applying?

a) Inductive inference

b) Deductive inference

c) Both deductive and inductive inference

86

This MC question is based on the slides of 
this lecture: see slide 46



MC question

Which of the following is a problem of experience as a 
source of information?

a) There is no comparison group

b) People are swayed by a good story

c) People focus on the evidence they like best

87



MC question

Which of the following is a problem of experience as a 
source of information?

a) There is no comparison group

b) People are swayed by a good story

c) People focus on the evidence they like best

88

This MC question is based on Morling Ch.2, p.26. 
The other answers represent problems with

“intuition” as a source of information (p32-35).



Thursday Lutherse Kerk

89
Picture source: https://www. https://www.luthersamsterdam.nl/
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