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Logistics

» Group meetings today and tomorrow

* A7 due Friday (11/12) - literature search

* A8 due the following Thursday (11/18) - coding data from
papers you found)

* Draft of poster due Tuesday before Thanksgiving (11/23)

* Will be in-person poster session with other research methods
classes (12/2; still working out details)

* Poster awards will be given



Conducting a Meta-analysis

First author Year Age(m.) N
1. bion 2013 18 22 ——
2. bion 2013 24 25 L
3. bion 2013 30 20 P
4. byers 2009 17 16 -
5. grassman 2010 24 12 P ————
6. grassman 2010 48 12 P
7. markman 1988 45 10 P
8. spiegel 2011 30 72 il
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Effect size estimate

1. Identity topic
2. Conduct literature search
3. Code studies and calculate ES

4. Plot and analyze data

5. Report and discuss results



Four meta-analytic visualizations
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PRISMA tlow diagram

Records identified through Additional records identified
database searching through other sources
(n=500) (n=10)

N/

Records screened

Records excluded,

_ —» with reasons
(n=503) (n=13)
4
Full-text articles assessed Full-text articles excluded,
for eligibility —P» with reasons
(n =490) (n=NA)

'

Studies included in
meta-analysis
(n=NA)

Questions addressed:

* What is the scope of the literature
on topic X?

* What was your method for
identifying papers for a meta-
analysis on topic X?

Standardized diagram for reporting
paper selection process for meta-
analytic review

Describes 4 stages: Identification,
Screening, Eligibility, Excluded



Making your own PRISMA diagram

my prisma plot <- prisma2(found = 500, # how many unique papers did you find through database searches (goo
found other = 10, # how many papers did you find through other sources?
screened = 503, # how many of those papers did you screen by looking at the title/abstract?
screen_exclusions = 400, # how many of those papers that you screened did you exclude?
full text = 103, # how many papers did you look at the full text for?
full text exclusions = NA, # how many papers did you exclude after looking at the ful text?
quantitative = NA, # how many papers went in your final meta-analysis
width = 800, height = 800)

Records identified through Additional records identified
database searching through other sources
(n = 500) (n=10)

my prisma plot \\\ K//

Records screened
(n=503) >

Records excluded,
with reasons
(n=13)

Full-text articles assessed Full-text articles excluded,
for eligibility P with reasons
(n = 490) (n=NA)

Studies included in
meta-analysis
(n=NA)




 Point = study

Forest Plots » Size of square = weight
* Length ‘arms’ = individual

Study 1 ! . confidence intervals
Study 2 | (u.ncertalnty) |

! « Diamond = weighted
Study 3 — mean
Study 4 i_._  Dashed line = ES of O

| * |f diamond overlap with
Study 5 : . dashed line the overall
Common-effect model . > effect sizes does not differ

| from zero
Random-effects model :

0

Effect size

(Text adapted from slide from A. Cristia;
Fig. from Gurevitch et al, 2018)



Forest Plots: Questions addressed

1. What is the overall effect size for phenomenon X?

* Because this estimate reflects data from many more participants than a single
study, it should be more accurate than the effect size from a single study.

« How big is this effect relative to other effects in psychology?

2. Does the effect significantly differ from zero?

* If it does not, this suggests there may be no effect (even though individual
studies may show an effect).

3. How much variability is there?
* Are the effects of individual studies roughly the same, or is there a lot of
variability?
* If there’s a lot of variability, this suggests there might be an important
moderator



We’ll calculate these two
columns once you have
all the raw data entered

ma_data for mutual exclusivity MA

for your MA
Effect size Variance of
/ / effect size

study_ID short_cite expt_num n d_calc d_var_calc mean_age response_mode
bedford2013 Beford et al (2013) 1 31 4.0000000 0.2903226 748.7471 behavior
bedford2013 Beford et al (2013) 1 31 3.0000000 0.1774194 739.6161 behavior
beverly2003 Beverly & Estis (2003) 1 5 2.5862069 0.8688466 1765.3390 behavior
beverly2003 Beverly & Estis (2003) 1 5 4.5000000 2.2250000 1795.7760 behavior
beverly2003 Beverly & Estis (2003) 1 5 4.8780488 2.5795360 1217.4750 behavior
bion2013 Bion, Borovsky, & Fernald (2013) 2 22 0.1428571 0.0459184 547.5600 eye-tracking
bion2013 Bion, Borovsky, & Fernald (2013) 2 25 1.1538462 0.0666272 730.0800 eye-tracking
bion2013 Bion, Borovsky, & Fernald (2013) 2 20 1.2857143 0.0913265 912.6000 eye-tracking
byers2009 Byers-Heinlein & Werker (2009) 1 16 0.4210526 0.0680402 517.4270 eye-tracking
byers2009 Byers-Heinlein & Werker (2009) 1 16 -0.1250000 0.0629883 547.8638 eye-tracking

N = 50 effect sizes



Making your own forest plot

* To make a forest plot, we need to calculate the grand mean
(pooled eftect size estimate)

* To do that, we use a package called metaforin R

* The rma() function fits a model that estimates the grand mean
effect size taking into account study size

* It's actually a random effect model — happy to talk more about
the details offline

* The syntax:
model <- rma(effect_size, effect_size_variances)



Fitting the meta-analytic model

Grand meta-analytic
effect size

ma_model <- rma(ma_data$d calc

ma_model

study_ID
bedford2013
bedford2013

beverly2003

bion2013
bion2013
byers2009

byers2009

ma_data$d var calc)

Is the grand effect size

short_cite

Beford et al (2013)

Beford et al (2013)

Beverly & Estis (2003)

Beverly & Estis (2003)

Beverly & Estis (2003)

Bion, Borovsky, & Fernald (2013)
Bion, Borovsky, & Fernald (2013)
Bion, Borovsky, & Fernald (2013)
Byers-Heinlein & Werker (2009)

Byers-Heinlein & Werker (2009)

significantly different from zero?

Grand meta-analytic
effect size confidence interval

expt_num

31

31

22

25

20

16

16

d_calc

4.0000000

3.0000000

2.5862069

4.5000000

4.8780488

0.1428571

1.1538462

d_var_calc
0.2903226
0.1774194
0.8688466
2.2250000
2.5795360
0.0459184
0.0666272
0.0913265

0.0680402

mean_age
748.7471
739.6161
1765.3390
1795.7760
1217.4750
547.5600
730.0800
912.6000
517.4270

547.8638

response_mode
behavior
behavior
behavior
behavior
behavior
eye-tracking
eye-tracking
eye-tracking
eye-tracking

eye-tracking
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Making the forest plot

Use a function in metafor to make
forest plot (unfortunately there
doesn’t exist a good forest plot
ggplot function (yet!))

forest (ma model)

10 15

Observed Outcome




Making a better forest
plot

forest (ma model,
header = T,
slab = ma data$short cite,

col = "red")

There are lots of modifications you can
make to this plot to make it more
informative.

You can see all the options here:
https://www.rdocumentation.org/packages
/metafor/versions/2.4-0/topics/forest.rma.

Study

Estimate [95% CI]
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Beverly & Estis (2003 P —e— 2.5910.76, 4.41
S I —— e
ever stis —e . .73, 8.
Bion, gorovsky & Fernald 201 0.14-0.28, 0.56
Blon Borovsky, &Fernald 2013 1.15710.65, 1.66
Blon Borovsky. &Fernald 2013 1.29[0.69, 1.88
Byers Helnleln & Werker (2009 II 0.421-0.09, 0.93
Byers-Heinlein & Werker (200 -0.12[-0.62, 0.37
Byers-Heinlein & Werker (2009) { 0.67]0.12, 1.21
Byers-Heinlein & Werker (2013)i 0.20[-0.24, 0.64
Choi & Hwang (2014 P H 1.65[0.84, 2.45
Ch0|&Hwan 2014 - 1.91[1.06, 2.76
Davidson et al (1997 }Ii 0.55[0.02, 1.07
Davidson et al (1997 . 0.7710.21, 1.32
Davidson et al (1997 . 0.62[0.09, 1.16
Davidson et al (1997 [ ] 0.36 [-0.14, 0.87
Deak, Yen, & Pettit (2001 © HEH 1.6410.97, 2.31
Deak, Yen, & Pettit (2001 CHEH 1.92[1.18, 2.65
Estis & Beverly (2015 HH 0.23[-0.47, 0.93
Estis & Beverly (2015 : b 6.57 [ 3.28, 9.87
Estis & Beverly (2015 P 3.00[1.37, 4.63
Estis & Beverly (2015 P —e—] 4.09[1.97, 6.21
Evey & Merriman (1998 HH 0.73[0.09, 1.36
Evey & Merriman (1998 " HEH 1.48 [ 0.66, 2.29
Evey & Merriman (1998 o 1.5210.69, 2.35
Evey & Merriman (1998 e 1.7410.64, 2.83
Evey&Merrlman 1998 b 1.89[0.94, 2.83

Evey & Merriman (1998 = 2.00[0.80, 3.20
Frank (1999 | 0.67[0.24, 1.09
Frank (1999 | 0.81[0.39, 1.24
Frank (1999 ] 0.52[0.13, 0.91
Frank (1999 'l 0.8710.46, 1.29
Gollek & Doherty (2016 - 0.20 [-0.24, 0.64
Gollek & Doherty (2016 i 0.89]0.42, 1.35
Gollek & Doherty (2016 P 3.58[2.42, 4.75
Gollek & Doherty (2016 i —a— 5.57[3.87, 7.27
Gollek & Doherty (2016 ] 0.38 [-0.06, 0.83
Golecipore pore) . $a1108h 058
olle oher ; —e . . .
Gonek&Dohert¥ 2016 L HH 1.4970.70, 2.28
Gollek & Doherty (2016 o -0.61[-1.17,-0.06
Gollek & Doherty (2016 i 0.67[0.07, 1.27
Graham et al. (1998 | 0.82[0.40, 1.23
Graham et al. (2009 | 0.95[0.44, 1.47
Graham et al. (2009 g}m 1.12[0.59, 1.65
Graham et al. (2009 HEH 2.12[1.36, 2.87
Grassmann & Tomasello (2010); HH 1.53[0.70, 2.36
Grassmann & Tomasello 2010 - 1.72[0.83, 2.61
RE Model § ¢ 1.41[1.06, 1.75]

I I T T
-5 0 5 10

Observed Outcome



Moderator plots

 Question addressed: Does the effect size vary by different
features of the experiment?

 Two kinds of moderators: Categorical and Continuous
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Categorical moderator Continuous moderator

(Fig. from Gurevitch et al, 2018)



ma_data for mutual exclusivity MA

study_ID
bedford2013
bedford2013
beverly2003
beverly2003
beverly2003
bion2013
bion2013
bion2013
byers2009

byers2009

short_cite

Beford et al (2013)

Beford et al (2013)

Beverly & Estis (2003)

Beverly & Estis (2003)

Beverly & Estis (2003)

Bion, Borovsky, & Fernald (2013)
Bion, Borovsky, & Fernald (2013)
Bion, Borovsky, & Fernald (2013)
Byers-Heinlein & Werker (2009)

Byers-Heinlein & Werker (2009)

N = 50 effect sizes

expt_num
1

1

31

31

22

25

20

16

16

d_calc
4.0000000
3.0000000
2.5862069
4.5000000
4.8780488
0.1428571
1.1538462
1.2857143
0.4210526

-0.1250000

d_var_calc
0.2903226
0.1774194
0.8688466
2.2250000
2.5795360
0.0459184
0.0666272
0.0913265
0.0680402

0.0629883

mean_age
748.7471
739.6161
1765.3390
1795.7760
1217.4750
547.5600
730.0800
912.6000
517.4270

547.8638

response_mode

behavior
behavior
behavior
behavior
behavior
eye-tracking
eye-tracking
eye-tracking
eye-tracking

eye-tracking



Making a categorical
moderator plot

7.5~

ggplot (ma data, aes(x = response mode, y = d calc)) +

geom_violin() +

d_calc

geom_point ()

2.5-

0.0-

5.0-

behavior

<

o@®o0 o

\/

response_mode

eye-tracking



Making a better categorical
mOderator plOt ME effect size by Response mode

7.51
ggplot (ma data, aes(x = response mode,
y = d_calc,
color = response mode)) + N 501
geom_violin() + %
geom_point(alpha = .4) + %
ylab("Effect Size") +
xlab("Response Mode") + -
ggtitle("ME effect size by Response mode") +
theme_classic() +
theme (legend.position = "none")
0.01

behalivior eye-trécking
Response Mode



cis by response mode <- ma data %>%
group by (response mode) %>%
summarize(mean = mean(d calc),
sd = sd(d_calc), ME effect size by Response mode
n=mn()) %>%
mutate(ci range 95 = 1.96 * (sd/sqrt(n)),
ci lower = mean - ci_range 95,

ci upper = mean + ci_range 95) s

ggplot (ma data, aes(x = response mode,
y = d _calc,

a
o

color = response mode)) +

Effect Size

geom_violin() +
geom_point(alpha = .4) +
ylab("Effect Size") +
xlab("Response Mode") +

2.51

ggtitle("ME effect size by Response mode") +

geom_pointrange(data = cis by response mode,
aes(x = response_mode, 0.0-

y = mean, ymin = ci_ lower,

ymax = ci_upper), behavior eye-tracking
color = "black") + Response Mode
geom_hline(aes(yintercept = 0), linetype = 2) +
theme_classic() +
theme (legend.position = "none")



Making a continuous
moderator plot

7.5~
5.0-
ggplot (ma data, aes(x = mean age, y = d calc)) + %
O
geom_point() + 5
geom_smooth(method = "1m")
2.5~
0.0-

500

1000

1500
mean_age

2000

2500



Making a better continuous

ME effect size vs. Age

moderator plot .
7.5
ma_data for age plot <- ma data %>% ¢
mutate(age months = mean age/30.4) ®
© 504 .
2 .
©
g ° b
" ®
ggplot (ma data for age plot, aes(x = age months,
y = d_calc, -
size = n)) +
geom_point() +
geom_smooth(method = "Im") +
ylab("Effect Size") +
xlab("Age (months)") + 009
ggtitle("ME effect size vs. Age") +
theme classic() + 30 50 70

C A th
theme (legend.position = "none") ge (months)



