FoF B RS R R A

Experimental Designs

BERFTZ AL SR EIRIER

HEh: BAiLE BHIE RIS
% B K 549 48 #2271 30 P




Aims of the Lecture

* As a reminder of the fundamental ideas in conducting
scientific research before you dive deep into the fancy
techniques.

* As a review of basic knowledge of experimentation




What is an experiment? Why do we need it?
Why bother to design it carefully?
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What is an experiment? Why do we need it?

Why bother to design it carefully?
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The first preclinical testing experiment (1747)
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James Lind (1716-1794)




The first preclinical testing experiment (1747)
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B C UV Y.
IN THREE PARTS,

CONTAINING
An Inquiry into the Nature, Caufes,
and Cure, of that Difeafe,

‘Together with
A Ciritical and Chronological View of what
has been publifhed on the Subjeét.

By YAMES LIND, M.D.

Phyfician to his Majefly’s Royal Hofpital at Haflar
near Portfmouth, and Fellow of the Royal
* College of Phyficians in Edinburgh.

The THIRD EDITION, enlarged and improved,

LONDON: ©

Printed for S. Crowper, D. Wirson and G,
Nicnorts, T.Capert, T. Becker and Co.

1218 K F 50k B < 806 5 48
(treatment group):

(1) A quarter of cider (& & &)
(2) 25 drops of elixir of vitriol (i
Bl 5 7))

(3) 3 spoonfuls of vinegar (&)
(4) Half a pint of seawater

(5) 2 oranges + 1 lemon

(6) A spicy paste + a drink of
barley water (& 5k 7K, a British
herbal tea)




The first preclinical testing experiment (1747)
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48 (treatment group):
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James Lind’s experimental design

> X3H R E) By 6 4 (treatment) (B B 5 4 18)
> T3 Aok F B A (4 A )

(balanced assignment, though not random)

> el e e R 894 B (control for possible
confounding variables) -

“On the 20th of May 1747, | selected twelve patients in the
scurvy, on board the Salisbury at sea. Their cases were as similar
as | could have them. They all in general had putrid gums, the
spots and lassitude, with weakness of the knees. They lay
together in one place, being a proper apartment for the sick in
the fore-hold; and had one diet common to all, viz. water gruel
sweetened with sugar in the morning; fresh mutton-broth often
times for dinner; at other times light puddings, boiled biscuit
with sugar, etc., and for supper, barley and raisins, rice and

currants, sago and wine or the like.” .
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What might be the effective treatment(s) for scurvy?

If a treatment is effective, it would XXXX

- 6 treatments, each 2 subjects. Other confounding

factors, e.g. daily diet, are controlled

BAHIE ~ o4~ #FE T Observing symptoms and providing
descriptions on changes of symptoms

Every step in conducting a research project is
important!




Scientific inquiry

Do an experiment

& N
4

Statistical inference

Nature (unknown)

You wish to say something about the unknown nature based on
the data you collected from an experiment




Example

Experiment: Flip the coin 10 times

& @

H,H,H,H,H,H,H,T,
T,H

Statistical inference

What can you say about the coin?




Example 2 (real story)

The lady testing tea experiment




Example 2 (real story)

The lady testing tea experiment

» How would you determine the order in which the

? L
cups are presented? o400 obon

» How would you conclude that the lady is not making
her judgment by chance?

Fisher’s exact test




From behavior to the brain

Understanding behavior itself is complicated enough.
Now we are trying to understand the brain and their
linkage?




From behavior to the brain

Some facts about the brain

1.5 KG, ~9001& #¥ & J7. 4m i,
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> 1604‘*‘4!%49 & 70 ‘g (subcortical
> 150%;35’3?‘“ ® A Structure) .
(synapse) 7 5 AR A & T

> 16{%/\E%éﬁiﬁbx(axon) s
8 8 (white matter)
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Watch David Van Essen’s talk: https://
www.youtube.com/watch?v=i2W570VgVeél




The BRAIN initiative

» Brain Research through Advancing Innovative
Neurotechnologies (3% i 3749 & £+ 2 F AT 34T KBS HT 7)

> B ER? THREFTEROME  FRZETENTHE
(tools) #u 3R & (information)

> BTSRRI E 2 B R+ P o T AR ARS8 7 A e 3 A
AERGERE AR bS48 AT -
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http://www.nih.gov/science/brain/ .




The BRAIN initiative

Goals

> T AR B & B ho 4o A %8 40 & (perception) ~ 3 3R (decision
making) #247 %} (action)
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The BRAIN initiative

» How will it work?

& Cori Bargmann (Rockefeller University) #= Bill Newsome
(Stanford University) 5 #1589 15 A58/ 48 > 8 AT 4}
£ BARFRE] % F R E

Cori Bargmann Bill Newsome

http://www.nih.gov/science/brain/ .




E' THE ROYAL
SOCIETY

If neuroimaging is the answer, what is the
question?

S. M. Kosslyn
832 William Fames Hall, Harvard University, 33 Kirkland Street, Cambridge, MA 02{38, USA (smk(@wjh. harvard edu)

“Attending a poster session at a recent meeting, | was reminded of the old
adage ‘To the man who has only a hammer, the whole world looks like
a nail.” In this case, however, instead of a hammer we had a magnetic
resonance imaging (MRI) machine and instead of nails we had a study.
Many of the studies summarized in the posters did not seem to be designed
to answer questions about the functioning of the brain; neither did they
seem to bear on specific questions about the roles of particular brain
regions. Rather, they could best be described as ‘exploratory’. People
were asked to engage in some task while the activity in their brains was
monitored, and this activity was then interpreted post hoc.”

-- Stephen M. Kosslyn (1999). If neuroimaging is the answer, what is the question?

Phil Trans R Soc Lond B, 354, 1283-1294. .




Brains Needed (researcher’s ...)

"...the single most critical piece of equipment is still the researcher's
own brain. All the equipment in the world will not help us if we do
not know how to use it properly, which requires more than just
knowing how to operate it. Aristotle would not necessarily have
been more profound had he owned a laptop and known how to
program. What is badly needed now, with all these scanners
whirring away, is an understanding of exactly what we are
observing, and seeing, and measuring, and wondering about."

-- Endel Tulving, interview in Cognitive Neuroscience (2002,
Gazzaniga, Ivry & Mangun, Eds., NY: Norton, p. 323)




Ideally...

* An experiment should help the researcher determine the
more appropriate theory for explaining the world:

Well-defined problem

!

Theory A - Prediction A

Theory A or B stands or

—>| Experiment = Revised theories

Theory B - Prediction B




In Reality...

* Let’s try this and see what happens...

ill-defined problem

!

No theory ——> Experiment(s) —>

Piles of data without
theoretical implication




Outlines of this Lecture

* Fundamental concepts in scientific research

* Essential components of an experiment

}ed 1s414

* Design Issues
Between-subject
Within-subject

}ied pUuodas




Fundamental Concepts
* Causal (B &) vs. correlational (18 Bf) relationships
» Validity (3 E) and threats to it

Internal (N 3)
External (#}3F)




Causal Relationship
* Causality; causation

* When we say A causes B, basically we are saying that:
A and B co-vary
Changes in A precedes changes in B

There is no other explanation for changes in B except
for changesin A







Examples of Causal Relationship

- HA R TNEREMRIK
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Correlational Relationship




Examples of Correlational Relationship

« A& mE  #EHE MR
(AR BESRATERERE A2 T T @A LHRERLET W)

* Brain activity in region XX is correlated with stimulus XX

+ B




Chain of Causal Inference

Mediator
Variable(s)

Independent Dependent
Variable Variable




Internal Validity

* The confidence in the causal relationship

* Threats to internal validity
Confounding (&7 % 78)
Selection bias (3£ B 1@ 3%)
History (¥ 8 B & B &9 1)
Maturation (3 F £ F RO ¥ R IEHE)
Repeated testing (& 2 5% 72])
Instrument change (] & T B 2L %)
Regression toward the mean (& 5% 2| -F 34 14)
Mortality/differential attrition (3£ )

Experimenter bias (B B % 1/ 3%) (double-blind design can
correct)




Example of Confounding: “Clever” Hans

“CLEVER HANS" AGAIN.

Expert Commission Decides That the
Horée Actually Reasons.

From The London Standard

BERLIN, Sept. 13.~The remarkadls horss
called * Clever Hans ™ hay just been examined
by o special commission of experts, in order
that o declslon might Ye arrived st whether
it 18 & horse poasessed of extraordioary brain
Power or merely, 1lké many others of Its tride,
peculiarly adapted to learning tricks from
patient tralners. The commisalon gonsisted of
the well-known c¢ireus propristor, Herr Paul
Busch: Count Otfto ru Castell Ruedenhagsen,
& rotired army-Captain; Dr, Grabow, & retired
schoolmaster; Dr. Ludwly Huck, Direetor of
the Berlin Zoological QGardens; Major von
Keller, Majop. Gen. Koering, Dr. Mlessner, &
veterinary surgeon; Prof. Nagel of the Physio-
logical Institute of the University of Berlln,
and several other prominent men. :

The com fon has fssued s statement de-
claring that "It s of opinlon that thers iv H
no trickery whatover In the performances of - Can perform S|mp|e
the horse, and that the methods employed by
the owner, Heorr von Qsten, {n teaching Hans . - . 0
ditter essentially from thoss used by trainers,. - arithmetic with close to 90%
n::‘ correspond with thopd used in teaching
ehtid@ren in elémentary escheols, They hold
that the methods employed have in principle aCCU ra Cy
nothing whatever to do with “trgining™ in
the saccepted sense of the word, and wmre
worthy of scientific examination. The report
of thesa gentlemen {3 Interesting, for Harr
von Osten had tried in vain to fMersuade selen-
titic men to take the cage of *“ Claver Hans ™
serfounly. Herr Busch, of circus fame, who
was one of the commission, had opeanly ad-
mitted bdeforehand that he was extremely
skeptical about tne matter, and balteved that




Clever Hans Effect: Observer Expectancy

When Hans is clever When Hans is not clever



Modern Hans: Facilitated Communication

e Researcher

Source: http://home.vicnet.net.au/~dealcc/TcpBnet.htm Source: http://www.psychologymatters.org/facilitated.htmi




Essential Components in An Experiment

© BRRAFEF A P AT HAR D AR AR 6 B 25 B
(Experiment is the step in the scientific method that
arbitrates between competing models or hypotheses)

« Components of an experiment
& %18 (Dependent variable )
%418 (Independent variable )

#F o~ AL ~ E4#E  (Manipulation/randomization/
selection )




Dependent Variables

- 174 =3 (Behavioral measures)
Reaction time, error rate, d’, spatial errors

- £ ¥ 78 (Physiological measures )

Heart rate, blood pressure, respiration rate, cortisol
level

BOLD signal, EEG, EPR, MEG




Jargons in An Experiment

4 (Event)
gRXK  (Trial)
Block

Condition

Session
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Block #1 Block #2
Trial #1 Trial #21
Trial #2 Trial #22
Trial #3 Trial #23
Trial #4 Trial #24
Trial #5 Trial #25
Trial #20 Trial #40

Block #5
Trial #91
Trial #92
Trial #93
Trial #94
Trial #95

Trial #100

\_'_I

Session




Why Conducting an Experiment?

* Theoretically oriented
To test competing hypotheses

* Data-driven
To explore effect of a treatment




Theoretically Driven

Well-defined problem

!

Theory A - Prediction A Theory A or B stands
—> Experiment(s) = or
Theory B = Prediction B revised theories
* Division of labor in the visual system 45 5P Dorsal

stream

Dorsal stream for action |
Ventral stream for perception [ e

Ventral
stream

* Predictions
Motor tasks lead to activation in the dorsal stream
Perceptual tasks lead to activation in the ventral stream




Data-driven

Various approaches of data analyses
to discover potential theory

No theory > Experiment(s) >

c BIERITEZT N RI

- EE AL
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o b 424
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Data-driven approach: Neurocinematics

- Intersubject correlation (ISC) in
brain activity can serve as a
measure of the level of a control a
film exerts to its audience

- Hitchcock’ s movie showed

highest ISC (compared with some
other films)

\  w=Subj1

,| == Subj 2

AN —subj3
¥ = Subj 4

| == Subj 5
«= AVERAGE

150 300 450 600
Time (Sec)
Between subjects correlation: 0.45

fMRI response (%) ®
GNmO =N




Questions to Ponder BEFORE You Start ...

e\What do you hope to find?

e\What would that tell you about the cognitive process
involved?

e\Would it add anything to what is already known from
other techniques?

eCould the same question be asked more easily & cheaply
with other techniques?

Source: http://psychology.uwo.ca/fmridnewbies/Tutorials.html




Questions to Ponder BEFORE You Start...

* What would be the alternative outcomes (and/or null
hypothesis)?

* Oris there not really any plausible alternative?

* |f the alternative outcome occurred, would the study still
be interesting?

* If the alternative outcome is not interesting, is the
hoped-for outcome likely enough to justify the attempt?




Questions to Ponder BEFORE You Start... |l

* What would the “headline” be if it worked? Is it sexy
enough to warrant the time, funding and effort?

* What are the possible confounds? Can you control for
those confounds?

» Has the experiment already been done? “An hour on
PubMed can save you a year of research!”

Source: http://psychology.uwo.ca/fmridnewbies/Tutorials.html




Experimental Designs

* Between-subject designs
Independent group
Matched group
Natural group

* Within-subject designs




Between-subject Designs




Independent Groups Designs

* Subject assignment

Different group of subjects are assigned to different
conditions as defined by the independent variable.

(BB ¥ &— @32 B R ERREHmR)

* Balancing confounding factors “F#7 48 [ /L 74 B &
Intelligence

Motivation
Conscientiousness

Gender
Major in school




Independent-groups Design

Grou 1: 60 Group 2: 90

N o




One Group Study




Experimental vs. Control
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Independent Groups Designs
* Random groups design

* Matched groups design

TRERFEGE (LA REBEHBMTES) &R
W o RIRABME R E B RBIAE A (A
LARE B BB VT fE o B S R ey S IR AR 4] )

* Natural groups design




Random Groups Design

* All respect being comparable among groups but only the
treatment received differs

* Comparable group formed by random assignment




Random Assignment

* Achieved by any procedure that assigns units to conditions
based only chance

Ex. Tossing coins or dices

* Has different purpose from random sampling




Block Randomization

* All conditions are randomized within a block, and there are as
many blocks as the sample size of each condition.




Block Randomization

10 Blocks . Participants

1. CAEBD Cara
2. ECDAB Andy A
3. DBEAC Jacob E 15t Block
4. BACED Molly B
5. ACEDB Emily D
6. ADEBC Erik E
7. BCADE Anna C
8. DCAEB Laura D 24 Block
9. EDBCA Sarah A
10. CEBDA Lisa B
Tom D




Threats to Internal Validity

Intact groups are used

Extraneous variables are not controlled

Selective subject loss occurs

Demand characteristics and experimenter effects are not
controlled.




Intact Groups

* Noncomparable groups formed beyond the
experimenter’s control.

* Solution
Don’t test them.
Divide testing time into several blocks.

Assign participants in the same group to different
conditions (when viable).




Extraneous Variables

* Inconstant factors that are not interesting but confound
the effect of IVs.

* Examples
Multiple experimenters
Time in a semester (Evans & Donnerstein, 1974)

Don’t test participants in the experimental
condition early in the term, and don’t test
participants in the control condition late in the
term. WHY?

* Solution
Block randomization




Demand Characteristics and Experimenter
Effects

* Demand characteristics

Cues and other information that participants use to guide
their behavior

Novelty effects
Innovations elicit excitement and motivation

Hawthorne effect: changes in behavior because of the
awareness of being observed

* Experimenters effects
Different treatments
Biased observations




Placebo Control and Double-blind Procedure

= Placebo ("I shall please")
Inactive substance “thought” to be therapeutic

* Double-blind

Both the participant and the observer are blind to
which treatment is given




Matched Group Design

Special populations

Typically, comparable groups are formed according to a
pretest task (matching task).




Matching Participants: Example

TaBLE 1. Mean (£SD) demographic and neuropsychological characteristics of the young and older
adult samples

Young adults (V= 20) Older adults (N = 20)
Age 23.1(2.8) 71.0 (6.9)
Years of Education 15.6 (1.6) 15.7 (2.0)
Laterality™ 81.4(21.4) 88.4 (19.4)
mMMS?$ 55.5(1.2) 542 (1.7)*
Digits Forward 7.3(0.8) 6.9 (1.4)
Digits Backward 5.1(0.9) 5.5(1.1)
VIQ 117.2 (10.8) 125.3 (11.9)*
PIQ 118.8 (12.8) 115.9 (22.9)
Dementia’ NA 0.0 (0.0)
Depression’ NA 1.88 (1.8)
ADL! NA 0.53(1.2)
*p < .03 or less.

Friedman et al. (2008). Aging, Neuropsychology, and Cognition.




Matching Task

* Best matching task

The experimental task itself. That is, matching the significant
dimensions.

But you might not want to spoil the participants

Alternatively, use tasks highly correlated with experimental task
as the pretest.




Natural Group Design

* Individual-difference variables are selected rather than
manipulated

Religion, gender, personality, race, age

* Correlational

One can use the results for description and prediction,
but not for causal inference

* Which essential component in causal relationship is
lacking?




Example

Divorced people are more likely than married people to
receive psychiatric care.

Problem of temporal order
Which precedes which?

Problem of eliminating alternative accounts

Two groups may differ in many other aspects, such
as religion practices or financial status.




Example

Females and males differ in throwing accuracy =2
Gender difference in motor control

Is it a real gender difference, or do social-cultural
factors shape the motor ability?




Within-subject Designs




Within-Subject Design

* Subjects participate in both the experimental and control
conditions, and thus serve as their own control




Within-subjects Design

Test 1: 60 Test 2: 90

®

M




Advantages

Fewer participants

More efficient

Higher sensitivity

Suitable for studying changes in behavior over time

No worry of confounding by individual differences variables




When you have no choice

If trials are very short (e.g., reaction time)
Collecting huge amount of data in a short period of time

Participants are difficult to recruit (e.g., brain surgeons, serial
murderers)

Subjective comparison of different levels along a physical
dimension

When one adopts neuroimaging or neurophysiological
measures, and the aim is not to study subject variables




Practice Effects or Progressive Errors

* Participants can change due to repeated performance of the
task

Improvement = Practice effects
Fatigue or boredom—> Progressive errors




Subject Loss

* Mechanical subject loss
Computer crashes
Wrong instruction
Interruption

* Selective subject loss
Differential loss across different conditions
Due to some subject’s characteristics
This characteristic is related to the DV




Procedure to Overcome Practice Effects

* Practice effects must be balanced, or averaged, across the
conditions of the experiment.

* Counterbalancing the order of the conditions makes sure
that the practice effects are distributed equally across the
conditions of the experiment.




Procedures for Balancing Practice/Ordinal Effects

* Complete
Block randomization

ABBA counter balancing

* Incomplete
All possible order
Selected order
Latin square
Random starting order with rotation




Complete Design: ABBA Counter Balancing

Presenting conditions in one sequence followed by the
opposite of that sequence

Advantage: ease of usage—> don’t have to switch
instructions or equipments very often

Only appropriate when the practice effect is linear

Also problematic when there is possibility of anticipation.




Example: Combining All Possible Order and ABBA

9}
\
S

S
T
N
\
\

Progressive Error
N w
\
\
N
\
AY

13246412@214ﬂ2432134M231M132H342

L:C:C:L:L:C:C:L

Continuous Trials




Incomplete Design: All Possible Orders

* Use all possible orders of the conditions

* ABC, ACB, BAC, BCA, CAB, CBA (N!)
4 conditions: 24
5 conditions: 120
6 conditions: 720




Incomplete Design: Latin Square

An n x n table filled with n different symbols in such a way
that each symbol occurs exactly once in each row and exactly
once in each column

1243 ABDC
2314 BCAD
3421 CDBA
4132 DACB

Leonhard Paul Euler
1707-1783




Rules for Generating Latin Square

* Randomly order the conditions of the experiment (e.g.,
ABCD).

* Number the conditions in your random order (e.g., A=1,
B=2,C=3,D=4).

* To generate the first order of conditions, use the rule:
1,2,N,3,N—-1,4,N-2,5, N-3, 6, etc.




Generating Latin Square: Four Conditions

= 1,2,N,3,N-1,4,N-2,5, N-3, 6, etc.

* For the four conditions in the example, the order would
be

1243 ABDC
2314 BCAD
3421 CDBA

4132 DACB




Incomplete Design: Random Starting Order with
Rotation

* Generate a random order of the conditions (e.g., ABCD), and
then rotate the sequence by moving each condition one
position to the left each time.

1st 2nd 3rd 4th
A B C D
B C D A
C D A B
D A B C

Note that each condition appears in each ordinal position to
counterbalance practice effects across the conditions of the
experiment. Unlike the Latin Square, however, the order of the
conditions is not balanced.




When Within-Subject Design Is Not Appropriate

* Instructional variable

Response strategies in one condition might influence
another

* Irreversible manipulation

Learning (unless you are interested in studying
dynamics)

* Subject variables
Age, gender, ...




Differential Transfer (Carry-over Effect)

* The effects of one condition persist and affect
participants’ experiences during subsequent conditions.

* When this is possible, use an independent groups design.

Unless the differential transfer itself is the focus of
investigation

* How to discover differential transfer?




Differential Transfer

* Three conditions: A, B, C
Complete Balance

A->B—>C—>B—>A
1 2

Incomplete Balance
Sequence 1. A> B2>C
Sequence 2. C> B2>A

Performance of B differs between Sequence 1 & 2




Examining Differential Transfer

* Average across lists with different order but at the same
practice stage

* In an incomplete counterbalance design, compare
conditions from the first serial position

Virtually independent groups design here




Franciscus Cornelis Donders (1818~1889)

* Mental chronometry
(Reaction time)

* Subtraction method
(1868)

Source: http://en.wikipedia.org/wiki/Donders




Tasks with Different Number of Processing Stages

3
' . AHAEAEAa N AR

Stimulus A. Slmple RT ARAAARARARAE

Respond to ANY target

IAAAABANA|
. .. . AN N R R

B. Discrimination RT o L

OR Respond to the RED target

B 5 = I

6 8 = -
aflwle frf= 0T o * 3
a fw e o I y o i o Il i
A s D F G H J K L & 5
s e e s s g e

uuuuuuuuu
,,,,,,,,,

C. Choice RT

Response A to the
RED target, B to the
GREEN target




Processing Stages

* Simple RT (Detection RT)

5~ | Detection |— Response |

* Discrimination RT (Go/No Go RT)

5 —— | Detection |——>| Discrimination [—| Response |
* Choice RT




Processing Duration of Each
Stage

» Discrimination Time = 120 ms

s — Detecton —/Response 220ms
« — [Dtecion] — Do — o] ™

* Response Selection = 70 ms

8 — | Detection |—|Discrimination|—| Response e
s — | Detection |—|Discrimination|—| Selection | —|Response | 410 ms



The Logic of Donders’ Subtraction Method

TASK 1: S - 0 }o[ c }»-—R

a: Stimulus detection

TASK 2:S - -

w b: Stimulus identification
~ c: Response organization
2
o
-
(&)
- ESTIMATED
& DURATION OF
> INSERTED
- STAGE b . .
s > —————————— Pure insertion
1 1
TASK 1§ TASK 2

= TASK 1
PLUS
INSERTED
STAGE b

Source: Sternberg, S. (1969). Memory-scanning: Mental processes revealed by reaction-time experiments. American
Scientist, 57, 421-457.




Comparison of Experimental Designs

* Advantages/Disadvantages

* Possible ways to overcome disadvantages




Advantages

* Between-subjects design

Participants in each condition are naive as to purpose of
the study

No order effects

* Within-subject design
Fewer participants
Equivalent sample in each condition




Possible Ways to Overcome Disadvantage

* Between-subjects design
Increase sample size

Random assignment to groups

* Within-subject design
Counterbalance or randomize order of conditions




