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logistics: project milestone #4

» full experiment code is due Oct 21 (Mon) o0

» incorporate feedback from design draft m
(milestone #3)

* iNnclude a demographics survey

« after experiment, before thank you “ “ “ “ “

+ think about how to record the data 22222 2 2



https://docs.google.com/document/d/13XC4JNYW31WCC_SCoMcT1bhACLlhsTKlXjQ0Cgnomz8/edit?usp=sharing

cycling through multiple conditions

« where do the multiple var priming_proc = {

timeline: [fixation, image, prime, target,priming_feedback],

COﬂdITIOﬂS COme Iﬂ - timeline_variables: test_stimuli,

randomize_order: true,

Wh'Ch plUQ'n TI’ICI| |S repetitions: 2
going to change based ;
on The Cond|'|'|0n2 ~ practice_proc = {

timeline: [fixation, image, prime, target,priming_feedback],
timeline_variables: practice_stimuli,
randomize_order: true




cycling through multiple conditions

var CONDITION = jsPsych.randomization.sampleWithoutReplacement([...Array(2).keys()1, 1)I[0];
® b efore p rI m I n g_p ro C ’ console. log("CONDITION= " + CONDITION);
create a new

CONDITION variable
that randomly selects
between O and 1

* print out to console
verify



cycling through multiple conditions

var CONDITION = jsPsych.randomization.sampleWithoutReplacement([...Array(2).keys()], 1)I[@];

* Create a new
variable
experiment_stimuli
that will bring
different lists in,
depending on the
value of CONDITION

console. log("CONDITION= " + CONDITION);

var experiment_stimuli = get_stimuli(CONDITION)



cycling through multiple conditions

var CONDITION = jsPsych.randomization.sampleWithoutReplacement([...Array(2).keys()], 1)I[@];

* NOW We heed 1o
define the
get_stimuli function
INn our code T —

type: jsPsychHtmlKeyboardResponse,
stimulus: 'Thank you! You can press any key to end the experiment.',

* -l-ry -l-his in your e iypeoftrial: "thank_you'
project code and 4

console. log("CONDITION= " + CONDITION);

var experiment_stimuli = get_stimuli(CONDITION)

b

make changes i 9 T
if(CONDITION == @){return test stimuli 1}

Where needed! else{return test_stimuli_2}

b




foday’'s agenda

* R 101
* programming basics
* visualizing data



INtfultions about dato

e review Savic et al.’s results section

* what is the key research question?
« what kinds of data will answer this research guestione
* which frials do we need to analyzee



https://bowdoin.instructure.com/courses/6255/files/728580?module_item_id=382042

poreliminary analyses

« how do we calculate
performance on
attention check
questionse

Preliminary Analyses: Attention to Sentences and
Pseudoword Forms

To assess whether participants attended to the Training senten-
ces and learned the pseudoword forms, we analyzed participants’
responses on the attention check questions and the free association
task.

Performance on attention check questions was high (M = .94,
SD = .08), which confirmed that participants read the sentences.
Performance of two participants was below .75 accuracy, so their
data were excluded from the further analyses.



priming

 which trials were
analyzed?

e which frials were
excludede

semantic priming task. Specifically, we tested whether participants
more rapidly identified a familiar noun (Target: apple, horse)
when it was preceded by a novel pseudoword (Prime) in the
Related (Direct and Shared) versus the Unrelated (Direct and
Shared) condition. Following the logic of extensive semantic pri-
ming research (e.g., McRae & Boisvert, 1998), if participants
linked pseudowords with familiar words based on direct and
shared co-occurrence, pseudowords should prime the familiar
words from the same triad. Specifically, novel pseudowords
should allow participants to respond more quickly to Targets from
the same triad (Related condition) than to Targets from the oppo-
site triad (Unrelated condition). Prior to analyzing reaction times,
we removed data from both incorrect trials, and trials with
extremely short (< 200 ms) and extremely long response latencies
(> 1,500 ms). This resulted in a removal of 5.6% of all trials.
Summary statistics are reported in Table 2.



priming: model

e what were the

iInde

cendent variables?

 what was the dependent
variablee

« what kind of staftistical fest
was employed?

We analyzed reaction times by fitting them to linear mixed
effects models with fixed effects of Prime Type (levels: Direct and
Shared), Relatedness (levels: Related and Unrelated), and their
interaction. The random-effects structure was based on the log
likelihood ratio test (Wagenmakers & Farrell, 2004). Specifically,
following Wagenmakers and Farrell (2004), we compared models
with the same fixed-effects structure but varying complexity in
their random-effects structure, and settled on the simplest among
the candidate models that provided the best fit to the data. The best
fitting random effects structure, as indicated by log-likelihood ratio
test, included only a random intercept for participant and random
intercept for stimuli (i.e., Triad).* This model revealed no signifi-
cant effect of Prime Type, neither as a main effect nor in interac-
tion with Relatedness (Fs < 1.0, ps > .10). Critically, the model

revealed a significant effect of Relatedness, F(1, 2443.4) = 5.85,
p = .016, with participants responding faster in Related than in
Unrelated conditions (Figure 4A). In other words, participants
responded faster to familiar words (Targets) when they were pre-
ceded by novel pseudowords with which they directly co-occurred
or shared co-occurrence in training (Related Prime), than when
they were preceded by novel pseudowords that directly co-
occurred or shared co-occurrence with a different familiar word
(Unrelated Prime).



analysis preview

A. Experiment 1

Relatedness

Related
Unrelated

Reaction times (ms)
o
[
o

475

Direct Shared
Prime Type

attention

priming

accuracy

RTrelc’red VS. RTunrelo’red
for direct and

shared pairs

descriptive

inferential (mixed
effects model /
ANOVA)

<0.75

RT < 200 ms and
RT > 1500 ms
correct responses
related/unrelated
and direct/shared
trials



R 101

* R is a statistical programming language
« Rstudio is a graphical user interface for R that makes R a
ittle less scary!

« we Will use R within Rstudio to analyze data




Installation check-in



Rstudio: basics

© - % - e /func - Addins ~ £ Project: (None) -
Console  Background Jobs i History G ions  Tutorial
R R4.13 . g # Import Dataset ~ % 104 MiB - & List = -
R - Global Environment ~

R version 4.1.3 (2022-83-1@) -- "One Push-Up"

Copyright (C) 2022 The R Foundation for Statistical Computing
Platform: aarch64-apple-darwin2@ (64-bit) Environment is empty
R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()" or 'licence()' for distribution details.

Natural language support but running in an English locale
R is a collaborative project with many contributors.

Type 'contributors()’ for more information and

"citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or

"help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

>

Files  Plots Packages Help Viewer Presentation

-Z Export ~



Rstudio: basics

o - Gk - } Go to file/function - Addins - & Project: (None) -
Console  Background Jobs = History G i Tutorial =M
R R4.13 .~/ 2 [ 7 ImportDataset - 9 104 M - & List ~ -

R -~ 7k Global Environment -

on for Statistical Computing
[latform: aarch64-apple-darwin2@ (64-bit)

Environment is empty

is free software and comes with ABSOLUTELY NO WARRANTY.
ou are welcome to redistribute it under certain conditions.
ype 'license()" or 'licence()' for distribution details.

..
This is called Notural Lnguage spport but running in an English Locale

y is a collaborative project with many contributors.
-I-h bk n | 1 ype 'contributors()' for more information and

. icitation()" on how to cite R or R packages in publications.

ype 'demo()' for some demos, 'help()' for on-line help, or

. .
Th IS IS Whe re help.start()' for an HTML browser interface to help.

any code you §
write is run by
R

iles  Plots Packages Help Viewer Presentation 0

-Z Export ~




Rstudio: basics

-~ OF il Go to file/function ~ Addins ~

Console  Background Jobs d i History G { Tutorial Th 1 1 | | < I -I-h
R R4.13 .~/ 4 #Import Dataset - % 104 Mig - & IS IS CO e e

R - (7 Global Environment ~

R version 4.1.3 (2022-83-1@) -- "One Push-Up"
Copyright (C) 2022 The R Foundation for Statistical Computing
Platform: aarch64-apple-darwin2@ (64-bit)

“environment”,
this is where any
data you import
will show up. This
is also where any
variables you
define or create
will show up

Environment is empty
R is free software and comes with ABSOLUTELY NO WARRANTY.
You are welcome to redistribute it under certain conditions.
Type 'license()" or 'licence()' for distribution details.

Natural language support but running in an English locale
R is a collaborative project with many contributors.

Type 'contributors()’ for more information and

"citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or

"help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

>




Rstudio: basics

- O - Go to file/function ~ Addins - B Project: (None) ~
Console  Background Jobs (=] i History G { Tutorial P |
R R4.13 .~/ Tl # Import Dataset - 9 104 MiB - & List - -

R - (7 Global Environment ~
R version 4.1.3 (2022-83-1@) -- "One Push-Up"

Copyright (C) 2022 The R Foundation for Statistical Computing
Platform: aarch64-apple-darwin2@ (64-bit) Environment is empty
R is free software and comes with ABSOLUTELY NO WARRANTY.

You are welcome to redistribute it under certain conditions.

Type 'license()" or 'licence()' for distribution details.

Natural language support but running in an English locale
R is a collaborative project with many contributors.

Type 'contributors()’ for more information and

"citation()' on how to cite R or R packages in publications.
Type 'demo()' for some demos, 'help()' for on-line help, or

"help.start()' for an HTML browser interface to help.
Type 'q()' to quit R.

>

_ This is called the

-Z Export ~

files and plots
pane. Currently
it is on “plots”, so
any plots you
make in the
console in R will
show up here as
a preview




festing the R console

Console  Background Jobs

R R4.1.3 - ~/

¢ YOU cdan Type Ony COde N The R version 4.1.3 (2022-03-10) -- "One Push-Up"

Copyright (C) 2022 The R Foundation for Statistical Computing

CO nSO|e Ond i-l- Wi” -I-ry -l-o Platform: aarché4-apple-darwin2@ (64-bit)

i R is free software and comes with ABSOLUTELY NO WARRANTY.
U nderSTO n d O nd rU n I-I- You are welcome to redistribute it under certain conditions.
Type 'license()' or 'licence()' for distribution details.

Natural language support but running in an English locale

R is a collaborative project with many contributors.

 fry typing 2 + 3 where you see
the blinking cursor and press e kionCy oo o it on . kg ublications,

Type 'demo()' for some demos, 'help()' for on-line help, or

re-I-U rn 'help.start()" for an HTML browser interface to help.

Type 'q()' to quit R.

« voila! R just added those up for e
youl!



programming asics

 functions
e arguments
* Objects

« vectors

* fypes

o lists

* packages



functions

» functions do things in R A
’ Compu’re > log(1, base = 10)
 the square root of 64 [1) @
- log of 1 with base 10 e
 log of 1 with default base > sn1,2,3)
- sumof 1,2, and 3 So "

1
sum {base}

 how do we get more info about a

Sum of Vector Elements

[ ]
fUI ICTIOI I (e g SUl I I)e Description
* *7 ° sum returns the sum of all the values present in its arguments

Usage



arguments

° I 1 > args(factorial) > args(round)
arguments are inputs to functions S rgs(ractor Function ox digits = 0
« args (function-name) NULL NULL
* find out the arguments for: > round(15.789, 1)
» factorial i s8
° rOUﬂd > rnorm(1@, mean = 15, sd = 5)
[1] 13.556844 9.609776 15.397840 14.853597 23.752432
o rOUﬂd -|5 789 _I_O -l digi_l_ [.6] 20.804199 7.595791 6.920951 18.7337904 9.639373

compute 10 random values from
a normal distribution with mean
15and sd 5



objects

« objects store information

e store:
* “l'love pancakes” in an object called

mystring
« sumof 1,2, and 3 in x

50 random values from a normal
distribution with mean 20 and sd 1 in

an object called r
« plot the histogram of r
« whatis the mean of r¢
« whatis the standard deviation of re

> mystring = "I love pancakes'

>

> x = sum(1,2,3)
> X

[1] 6

>

> r = rnorm(5@, mean = 20, sd = 1)

istogram of r

> hist(r)

E z‘ 1 2 2‘:

Environment History Connections  Tutorial

& | 12 Import Dataset ~ =% 106 MiB ~ y
R -~ (7 Global Environment ~
Values

mystring "1 love pancakes"

Connections T

Y 110MmiB - &

Environment History

= Import ~

R ~ (7} Global Environment ~

Values
mystring "I love pancakes"

X 3

Environment History Connections Tutorial

& [ # Import Dataset ~ % 151 MiB ~ &

R - (7} Global Environment ~

Values

mystring "I love pancakes"

num [1:50] 19.9 19.
6

r

X



vectors

« vectors are 1-d arrays of values
« x=c(1,2,3)

« Create a vector of infegers
from 51 to 55

* R counts from 1 (unlike
Javadcript!)

e refrieve the fourth value from
this vector

> vec = ¢(51,52,53,54,55)
> vec
[1] 51 52 53 54 55

> vec[4]
[;J 54

> vec = c(51:55)
> vec
[1J 51 52 53 54 55



data types

* R has 6 basic data types: integer,
double, character (string), logical,
complex, raw

» vectors can only contain values of the
same data type

« fry storing a character string and @
number together in a vector

* R will automatically convert them to the
same datatype (character is default)

> v = c("ABC", 34)
>V
[l] "ABC" n 341[

> v = c(23.45, 34)
>V
[lj 23.45 34.00



lists

* lists store multiple data types

» create alist called myclass of
names and ages

s retrieve the ages from
myclass

« compute the mean of the
ages

> myclass = list(nhames = c("Dyana",
> myclass

$names

[1] "Dyana" "Gia" "Stephen"

$ages
[1] 87 43 12

> myclass$ages
[1] 87 43 12

> mean(myclass$ages)
[1] 47.33333

> X = myclass$ages

> mean(x)

[1] 47.33333

IIG:LGU s

"Stephen"), ages = c(87, 43, 12))



dataframes

« tabular data is stored as
a dataframe in R

« dataframes are simply o
list of vectors

+ View (iris)

e create a histogram of
sepal lengths from iris

iris
=/ Filter
“ Sepal.Length Sepal.Width

5.1
4.9
4.7
4.6
5.0
5.4
4.6
5.0

O o N SV bR W N

4.4

=
o

4.9

> View(iris)
> hist(iris$Sepal.Length)

3.5
3.0
3.2
3.1
3.6
3.9
3.4
3.4
2.9
31

Petal.Length

1.4
1.4
1.3
1.5
1.4
1.7
1.4
1.5
1.4
1.5

Petal.Width
0.2
0.2
0.2
0.2
0.2
0.4
0.3
0.2
0.2
0.1

T

Species
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa
setosa

setosa



sforing code

* anything you type in the console will go away when you
close R

* R projects and notebooks are a good way 1o keep track
of your code and maintain a reproducible workflow



setting global options

« go to tools > global
options

e UNncheck “show
output inline”

* apply

b Tools Window Help

Install Packages...

Check for Package Updates...

Version Control

Terminal
Background Jobs
Addins

Memory

Keyboard Shortcuts Help
Modify Keyboard Shortcuts...
Edit Code Snippets...

Show Command Palette

Project Options...

Global Options...

Options
.. General
Code
> Console

-'] Appearance
Pane Layout
| Packages
R Markdown
A Python
@ sweave

ABC

7 Spelling

W Git/swN

S Publishing

- Terminal

@ Accessibility

O Copilot

m Advanced Visual Citations

R Markdown
| Show document outline by default

| Soft-wrap R Markdown files

Show in document outline: : l Sections Only v

Show output preview in: :

_|Show output inline for all R Markdown documents

Show equation and image previews: :
Evaluate chunks in directory: :

R Notebooks

v| Execute setup chunk automatically in notebooks

~ Hide console automatically when executing notebook chunks

2 Using R Notebooks

OK Cancel Apply




’,

creating a projectfinR

RStudio File Edit Code View Plots Session

New File >

New Project...

New Project Wizard

File > New Project > existing directory
» select the directory of first-jspsych-experiment B e e e )

. . i e D o an xisting working directry >
 File > New file > R Markdown g
. opens a notebook in Markdown format %

you can add “chunks” of code I - -

Preview on Save ' O [ Preview -~

« between {r}and ' o

@
+
=
Q]

title: "R Notebook"
output: html_notebock

save (Command +S ) this file as “first-R- : ditoroptions: L
notebook” with the .Rmd extension -

This is an [R Markdown](http://rmarkdown.rstudio.com) Notebook. When you execute code
within the notebook, the results appear beneath the code.

- we will write all our analysis code in this file! e e s ens i T T e gl yor
11
12+ “"“{r} =

13 plot(cars)



analysis preview

A. Experiment 1

Relatedness

Related
Unrelated

Reaction times (ms)
o
[
o

475

Direct Shared
Prime Type

attention

priming

accuracy

RTrelc’red VS. RTunrelo’red
for direct and

shared pairs

descriptive

inferential (mixed
effects model /
ANOVA)

<0.75

RT < 200 ms and
RT > 1500 ms
correct responses
related/unrelated
and direct/shared
trials



exploring our data

« download and save
class datfa.csv in first-
jspsych-experiment folder

« open class_data in Excel
« apply a filter to the data

success

ltimeout failed_image failed_audio failed_video trial_type trial_index time_elapse:

instructions 0 22022
html-keyboa 1 27396
html-keyboa 2 34360
html-keyboa 3 39447
html-keyboa 4 43870
html-keyboa 5 47892
html-keyboa 6 50499
html-keyboa 7 52899
survey-text 8 60315
html-kavhna qQ AA7N

AutoSum v ? p
v v
ill v Z

lear v Zl SortAtoZ

ZJ, Sort Zto A
Custom Sort...

ferer 3
ttps://i7yx1 ¢
ttps://i7yx1

[ I EL N LR 1



https://drive.google.com/file/d/1h22ETwMr2AyhslQnrhZlvG7jZ8xlcHKz/view?usp=drive_link

filtering rows in excel

» locate the column that
identifies each type of frial in
our experiment

e filter fo only afttention frials

» locate the column that
contains the accuracy

v | typeoftria ¥ | s
2021 instructions
5371 sentence Si
6963 sentence Ir

5086 sentence T

312 [¥|novel3 |¥|correct |¥

p NOT_FOUN
ziland  NOT_FOUN
" FOUNL NOT_FOUN

NOT_FOUN
" FOUNL NOT_FOUN
" FOUNL NOT_FOUN
" FOUNL NOT_FOUN

NOT_FOUN
" FOUNL NOT_FOUN

R, Pk, O O R R ORFLO

CUE

typeoftrial
Sort

Ascending

Descending
By color: | None

Filter

By color: | None

Equals ¢ attention 7
® And Or
Choose One

Q

= (Select All)
association
association_instructions
¥ attention
feedback
fixation
image
+ Auto Apply




exploring averages

* selecting the whole

column will provide some

summary statistics
 what do you learn?

e what were the exclusion

criteria for attention?¢

Preliminary Analyses: Attention to Sentences and
Pseudoword Forms

To assess whether participants attended to the Training senten-
ces and learned the pseudoword forms, we analyzed participants’
responses on the attention check questions and the free association
task.

Performance on attention check questions was high (M = .94,
SD = .08), which confirmed that participants read the sentences.
Performance of two participants was below .75 accuracy, so their
data were excluded from the further analyses.

AH Al Al
¥ target | ¥ prime

Average: 0.723039216

AK
v | type

Count: 409

AL

¥ |relatedne ¥ | i

Sum: 295



exploring individual responses

 find the response column

» click on the finy arrow that
shows all the unique
responses parficipants
provided

» should minor spelling
mistakes be forgivene

Z AA AB

" | typeoftria~T | stimulus | ¥ | response | ¥

J attention apple

J attention foobly

1 attention horse

5 attention dodish

2 attention dodish

) attention geck

5 attention zimziland
5 attention foobly

AB AC AD AE AF

response| ¥ | sentence/ ¥ novell |¥|novel2 |¥ novel3 |¥ co

apple response
foobly Sort
horse
dodish Ascending Descending
dodish
geck By color: | None
zimziland Fil
foobly i
dodish By color: | None
foobly
dodish Choose One
dodish

Q
foobly
foobly
dodish v (Select All)
foobly V| -thorse
foobly 7 ~tmi

mi

dodish 7 PP
foobly Any
dodish +~ apple
mipp ¥ didsh
foobly ¥ dobish
apple
dodish v Auto Apply

foobly

fanhiv



next class

» before class
* prep: work on project milestone #5

 during class
* reading in and plotting data
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