
Online Experiments for 
Language Scientists, UoB

Kenny Smith
kenny.smith@ed.ac.uk

Lecture 1a: Intro + co-speech gesture



Three components of running an online 
experiment
Building an experiment that will run in a web browser
• We’ll be using javascript and jsPsych
• Also useful for running experiments in-person!

Making it openly available online
• Uni or commercial servers

Connecting with experiment participants
• E.g. through crowdsourcing websites



A look at some simple experiments



Javascript and jsPsych

Javascript: a programming language that runs in web browsers
jsPsych: a library that makes it easy to build experiments 
(https://www.jspsych.org)

de Leeuw, J. R. (2015). jsPsych: A JavaScript library for 
creating behavioral experiments in a web browser. Behavior
Research Methods, 47, 1-12. doi:10.3758/s13428-014-0458-y.

Josh de Leeuw
Vassar College

https://www.jspsych.org/




Plugins and timelines

Plugins: basic building blocks

Timeline: a sequence of those building blocks



A wide range of plugins available

See https://www.jspsych.org/6.3/plugins/list-of-plugins/

Building an experiment involves
• Knowing how to use plugins
• Figuring out how to piece them together to make the experiment you 

want
• Some tiny bits of html and javascript to connect the plugins and make 

them do what you want
• (Occasionally, and optionally, making your own plugin)

https://www.jspsych.org/6.3/plugins/list-of-plugins/


Crowdsourcing

Once you have an experiment that runs in a browser, you can get 
participants from anywhere, including crowdsourcing sites
• Websites with populations of “workers” who will do online tasks for 

money



MTurk and Prolific

Amazon Mechanical Turk
https://www.mturk.com
• Designed for crowdsourcing 

anything
• Very light touch
• More US-based participants?
• Interface is pretty horrible 

(particularly for experimenter) but 
has a powerful API for code-based 
payment etc
• More chaotic, worse data (or more 

need to restrict participation to 
established workers)?

Prolific (formerly “Prolific Academic”)
https://www.prolific.co
• Designed for scientific data 

collection
• Heavier vetting of participants
• More UK/EU participants?
• Nicer web interface, but no API
• Maybe better-behaved participants

https://www.mturk.com/
https://www.prolific.co/


A look around Prolific

• From a participant perspective
• From an experimenter perspective



Pros and cons of crowdsourcing experimental data

Pros
• Not face-to-face
• Large samples, fast
• Access different populations
• + for replicability

Cons
• Expensive (not cheap)
• Lack of control
• Encourages dumb experiments?
• - for replicability



Pro: not face-to-face



Pro: large samples, fast

MTurk and Prolific both have large active populations of 
workers/participants (100,000s of registered people)
• Although not everyone is active all the time
• Estimating Mturk population size is complicated (see e.g. Difallah et 

al., 2018)
• Prolific gives you an estimate of available and active population size
In practice, you can recruit 100s/1000s of participants in days.

Difallah, D., Filatova, E., & Ipeirotis, P. (2018). Demographics and Dynamics of 
Mechanical Turk Workers. In Proceedings of WSDM 2018: The Eleventh ACM 

International Conference on Web Search and Data Mining. 
https://doi.org/10.1145/3159652.3159661

https://doi.org/10.1145/3159652.3159661


Pro: access different populations

Typical lab-based studies will sample from 
university student population
• Mostly undergraduates
• Mostly young
• All highly educated
• Here, mainly native English speakers 

(obviously varies between unis) 
If you want to access a different population, 
crowdsourcing might let you do that

From Pavlick et al. (2014)



Pro: + for replicability

If you see a result in a scientific paper, can you assume that the effect they 
report is real and not just, e.g., a statistical fluke?

One way to check: replication
• Take someone else’s experiment, replicate it, check you get the same result



RESEARCH ARTICLE SUMMARY
◥

PSYCHOLOGY

Estimating the reproducibility of
psychological science
Open Science Collaboration*

INTRODUCTION: Reproducibility is a defin-
ing feature of science, but the extent to which
it characterizes current research is unknown.
Scientific claims should not gain credence
because of the status or authority of their
originator but by the replicability of their
supporting evidence. Even research of exem-
plary quality may have irreproducible empir-
ical findings because of random or systematic
error.

RATIONALE: There is concern about the rate
and predictors of reproducibility, but limited
evidence. Potentially problematic practices in-
clude selective reporting, selective analysis, and
insufficient specification of the conditions nec-
essary or sufficient to obtain the results. Direct
replication is the attempt to recreate the con-
ditions believed sufficient for obtaining a pre-

viously observed finding and is the means of
establishing reproducibility of a finding with
new data. We conducted a large-scale, collab-
orative effort to obtain an initial estimate of
the reproducibility of psychological science.

RESULTS:We conducted replications of 100
experimental and correlational studies pub-
lished in three psychology journals using high-
powered designs and original materials when
available. There is no single standard for eval-
uating replication success. Here, we evaluated
reproducibility using significance and P values,
effect sizes, subjective assessments of replica-
tion teams, and meta-analysis of effect sizes.
The mean effect size (r) of the replication ef-
fects (Mr = 0.197, SD = 0.257) was half the mag-
nitude of the mean effect size of the original
effects (Mr = 0.403, SD = 0.188), representing a

substantial decline.Ninety-sevenpercent of orig-
inal studies had significant results (P < .05).
Thirty-six percent of replications had signifi-

cant results; 47% of origi-
nal effect sizes were in the
95% confidence interval
of the replication effect
size; 39% of effects were
subjectively rated to have
replicated the original re-

sult; and if no bias in original results is as-
sumed, combining original and replication
results left 68% with statistically significant
effects. Correlational tests suggest that repli-
cation success was better predicted by the
strength of original evidence than by charac-
teristics of the original and replication teams.

CONCLUSION:No single indicator sufficient-
ly describes replication success, and the five
indicators examined here are not the only
ways to evaluate reproducibility. Nonetheless,
collectively these results offer a clear conclu-
sion: A large portion of replications produced
weaker evidence for the original findings de-
spite using materials provided by the original
authors, review in advance for methodologi-
cal fidelity, and high statistical power to detect
the original effect sizes. Moreover, correlational
evidence is consistent with the conclusion that
variation in the strength of initial evidence
(such as original P value) was more predictive
of replication success than variation in the
characteristics of the teams conducting the
research (such as experience and expertise).
The latter factors certainly can influence rep-
lication success, but they did not appear to do
so here.
Reproducibility is not well understood be-

cause the incentives for individual scientists
prioritize novelty over replication. Innova-
tion is the engine of discovery and is vital for
a productive, effective scientific enterprise.
However, innovative ideas become old news
fast. Journal reviewers and editors may dis-
miss a new test of a published idea as un-
original. The claim that “we already know this”
belies the uncertainty of scientific evidence.
Innovation points out paths that are possible;
replication points out paths that are likely;
progress relies on both. Replication can in-
crease certainty when findings are reproduced
and promote innovation when they are not.
This project provides accumulating evidence
for many findings in psychological research
and suggests that there is still more work to
do to verify whether we know what we think
we know.▪

RESEARCH

SCIENCE sciencemag.org 28 AUGUST 2015 • VOL 349 ISSUE 6251 943

The list of author affiliations is available in the full article online.
*Corresponding author. E-mail: nosek@virginia.edu
Cite this article as Open Science Collaboration, Science 349,
aac4716 (2015). DOI: 10.1126/science.aac4716

Original study effect size versus replication effect size (correlation coefficients). Diagonal
line represents replication effect size equal to original effect size. Dotted line represents replication
effect size of 0. Points below the dotted line were effects in the opposite direction of the original.
Density plots are separated by significant (blue) and nonsignificant (red) effects.
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Pro: + for replicability

If you see a result in a scientific paper, can you assume that the effect they report 
is real and not just, e.g., a statistical fluke?

One way to check: replication
• Take someone else’s experiment, replicate it, check you get the same result

Multiple potential advantages for online data collection
• Because collecting a large sample is easy, small-sample experiments (which are 

more prone to statistical flukes) can be avoided 
• Because collecting data online is fast and easy, it makes it easier to replicate 

experiments (including your own!)
• Because populations are shared, makes it easy to replicate closely (avoiding e.g. 

“ah it’s because your population is different” responses to non-replication)



Con: expensive (not cheap)

Mturk does not set minimum pay rates
Prolific does, but they are low (£6/hour)

https://www.gov.uk/national-minimum-wage-rates



Con: expensive (not cheap)

Mturk does not set minimum pay rates
Prolific does, but they are low (£6/hour)

But we should not be paying at those rates
• It’s unethical
• It’s exploitative

Additionally
• Mturk and Prolific charge fees: 20-40% on top of what goes to participant
• Plus sample sizes tend to be bigger (because data quality can be lower or 

just because you can)



Some other quick remarks on your behaviour on 
crowdsourcing sites
• Pay fairly
• Estimate task durations accurately, and track it!
• Reject infrequently, if at all
• Respond promptly and politely to questions, don’t get into 

arguments
• Test and test before putting your study up
• If in doubt, pay out



Con: Lack of control

In a normal lab study
• You interact with your participants when they arrive, and can see that 

they are indeed e.g. a human who speaks English natively
• They take part in a quiet, controlled lab environment on a modern 

machine that behaves in a known way
• You can monitor them as they participate, and they know this

With crowdsourced participants participating remotely, none of these 
things are true
• Consequently, experiments need to be designed to handle this



Some ways to compensate 
for lack of control
• Add checks on who the participants are: 

native language checks, instruction 
comprehension checks, …
• Add attention checks during the task, identify 

(and eject?) people who are not attending or 
who are responding randomly

• Can you make it easier to pay attention than not?
• Make the experiment short and fun! Most tasks on these platforms 

are pretty dull.



Con: encourages dumb experiments (?)

No hard constraints, but because of the lack of control, stuff that 
works best involves constrained and low-effort responses 
• One-off decisions (i.e. not involving complex integration of info)
• Few restricted choices per trial (not e.g. open-ended typing)
• Short experiments (a few minutes rather than an hour)

Can you investigate the questions you want using these sorts of 
methods?



Con: - for replicability

If you see a result in a scientific paper, can you assume that the effect 
they report is real and not just, e.g., a statistical fluke?
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Potential risk of online data collection: Because 
collecting data online is fast and easy, it makes it 
easier to run lots of experiments, and just 
publish the ones that “work” (cf. “the file 
drawer problem”)



Final note: Comparability with lab data

People often want to know if crowdsourced data is like lab data (i.e. do 
effects shown in the lab replicate online?)
• Lab data as a “gold standard” due to higher levels of control
• Or just because the effect you are interested in has only been shown 

in the lab

We’ll see several papers making direct comparisons



Our first experiment: co-speech gesture



Winter & Duffy (2020)

Winter, B., & Duffy, S. E. (2020). Can Co-Speech 
Gestures Alone Carry the Mental Time Line? 
Journal of Experimental Psychology: Learning, 
Memory, and Cognition, 46, 1768-1781.
Interaction between speech and gesture in 
interpretation
• Is interpretation of ambiguous “next 

Wednesday’s meeting has been moved 
forward/backward 2 days” more influenced by 
adverb or gesture?  

Bodo Winter
University of 
Birmingham

Sarah Duffy
Northumbria

University



From Stocker, K., & Hartmann, M. (2019). “Next Wednesday’s Meeting has been Moved 
Forward Two Days”. Swiss Journal of Psychology, 78, 61-67



Perspective can be altered by gesture or words

Gesture (Lewis & Stickles, 2017)
• Away from speaker -> more 

Friday
• Towards speaker -> more 

Monday
Adverb (Feist & Duffy, 2015)
• ”forward” -> more Monday
• “backward” -> more Friday



Forward Gesture Backward Gesture

Forward 
Language

Backward
Language



Sample size etc

• Watch video, give free text response
• US-based MTurk workers with 92%+ approval
• N=191 after exclusions (12 excluded for failing arithmetic attention 

check Q, 36 for non Monday/Friday responses)
• $0.30 (duration likely a few minutes?)



Demo using our code



Lewis and Stickles (2017), which was a flat hand shape with the
palm facing inward (toward the speaker), as shown in Figure 1a
(left). In addition, a PUOH gesture may further suggest a certain
openness of the speaker and a willingness to convey information to
the listener.

Participants then had to click onto the NEXT arrow to move to
the next screen. Where we asked the question “what day of the
week has the meeting been rescheduled to?,” with an open-ended
text entry box immediately below the question.

After participants provided their primary response, we asked
several control questions, such as “Were you able to view the
video completely?” (“Yes”, “Maybe”, “No”), and “If you were
able to view the video, how many times did you view it?” (open
ended text entry), “Did you notice the person’s gestures?” (5-point
scale from “definitely yes” to “definitely not”), and finally, an
open-ended question phrased as follows: “Any observations,
thoughts, ideas you want to share with us about the person you just
saw or the question you were being asked?”

We also asked a comprehension question (“What is 9 ! 4?”) to
make sure that participants were paying attention. Finally, to
complete the survey, participants had to answer several demo-
graphics questions (age, gender, handedness, and self-reported
native languages).

This study was approved by the University of Birmingham
Research Humanities and Social Sciences Ethical Review Com-
mittee (ERN_17– 0040). Consent was obtained electronically.
The video files (.mp4) are available under the following pub-
licly accessible Open Science Framework repository (OSF DOI:
10.17605/OSF.IO/VC8BW): https://osf.io/vc8bw/

Participants. Two hundred thirty-nine participants were re-
cruited via Amazon Mechanical Turk for a 0.30 USD reimburse-
ment. Although not without its own share of problems, Amazon
Mechanical Turk is known to be a useful source for collecting
behavioral data online (Bohannon, 2011; Paolacci, Chandler, &
Ipeirotis, 2010; Paolacci & Chandler, 2014; Rouse, 2015), includ-

ing linguistic data (Sprouse, 2011). Moreover, Amazon Mechan-
ical Turk has been used to great effect in the context of the “Next
Wednesday’s meeting” question (Lewis & Stickles, 2017; Stickles
& Lewis, 2018). Only Turkers who were located in the United
States and had an overall approval rate of at least 92% were able
to view our task and allowed to participate in it. We used TurkGate
(Goldin & Darlow, 2013) to make sure that participants who
participated in this experiment could not partake in any of the
future experiments.

All participants responded to the control question (9 ! 4 " ?)
correctly. We excluded 12 participants who reported to be non-
native speakers and/or who reported to experience viewing issues
in our postexperiment questionnaire (e.g., buffering issues half-
way through the video). We excluded an additional 36 participants
who did not provide either “Monday” or “Friday” responses,
including such responses as “Wednesday,” “Saturday,” “Monday
or Tuesday,” “two days from the original date,” or “They didn’t
say. Just that it would be moved forward 2 days.” Thus, a total of
48 participants (20%) were excluded from the analysis. The final
sample consisted of 126 men and 65 women (average age 34,
range 19 to 67).

Statistical analyses. All statistical analyses were conducted
with R Version 3.3.1 (R Core Team, 2019) and the package
tidyverse (Wickham, 2017) for data processing. All statistical
analysis code and data are made available under the OSF reposi-
tory associated with this publication: https://osf.io/vc8bw/

We used the package brms 2.9.0 (Bürkner, 2017) to analyze the
binary response variable “Monday” versus “Friday” with a Bayes-
ian logistic regression model. We included the predictors Gesture
Direction (forward vs. backward) and Language Direction (for-
ward vs. backward). In the analysis of this experiment and all
following experiments, all categorical predictors were deviation-
coded (#0.5 " backward language or backward gesture, !0.5 "
forward language or forward gesture) to facilitate the interpretation
of main effects in the presence of interactions. In all following

Figure 2. Proportions of “Friday” responses (green) and “Monday” responses (yellow) differ by adverb (more
“Friday” responses for “forward”) but not by the direction of the gesture. See the online article for the color
version of this figure.
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all, participants chose “Monday” more often (69%) than “Friday”
(31%). The results showed a strong effect of Language Direction,
in the same direction as observed in Experiment 1, with noticeably
more “Monday” responses (N ! 106, 90%) than “Friday” re-
sponses (N ! 12, 10%) for the “backward” adverb. In contrast, the
“forward” adverb showed similar “Friday” (N ! 60, 53%) and
“Monday” (N ! 54, 47%) responses. The Bayesian logistic re-
gression indicated a strong Language Direction effect
(!̂ " 2.43) for which the 95% credible interval was far away from
zero, [1.71, 3.20]. In fact, not a single posterior sample was below
zero, Pr!!̂ # 0" " 1.0.

In addition, we replicated the Gesture Direction effect observed
in Experiment 2, with participants choosing “Monday” (N ! 101,
83%) much more often than “Friday” (N ! 20, 17%) when the
gesture was moving backward. In contrast, participants chose
“Monday” (N ! 59, 52%) about as often as “Friday” (N ! 52,
47%) when viewing forward-moving gestures. The logistic regres-
sion indicated a reliable Gesture Direction effect (!̂ " 1.84), with
a credible interval far away from zero, [1.13, 2.58]. Again, not a
single posterior sample was below zero, Pr!!̂ # 0" " 1.0. In terms
of the overall magnitude, the Language Direction effect was 32%
larger than the Gesture Direction effect. Comparisons of posterior
samples of the respective coefficients suggest that the posterior
probability for the Language Direction effect being larger than the
Gesture Direction effect was Pr!!̂1 # !̂2" " 0.93. There was no
reliable Language Direction " Gesture Direction interaction
(!̂ " $0.23, [#1.51, 0.99]).

Again, we found evidence for a weak interaction of Gesture
Direction and likability (!̂ " 0.23, [#0.01, 0.48]), with a high
posterior probability of the interaction coefficient being above
zero, Pr!!̂ # 0" " 0.97.

Discussion

Experiment 3 found Language Direction and Gesture Direction
to have independent additive rather than multiplicative effects.

That is, the forward/backward movement contrast did not differ
reliably as a function of using forward or backward language.
Overall, we found the Language Direction effect to be much
stronger than the Gesture Direction Effect.

In addition, we found another weak but reliable interaction
between perceived likability of the speaker and the Gesture Direc-
tion effect, with participants who liked the speaker more strongly
also showing stronger Gesture Direction effects.

Experiment 4

Method

The lack of an interaction between the directions implied by
adverbs and gesture seems to suggest some independence of ges-
ture from the concomitant speech. However, to really explore the
dependence of gesture on the spatial adverbials, we need to con-
duct an experiment where gesture occurs without spatial adverbi-
als. In Experiment 4, we asked, “Next Wednesday’s meeting has
been moved by two days, what day is it on now?” (without
adverb), as well as, “Next Wednesday’s meeting has been changed
by two days, what day is it on now?” (without any indication of
movement). The same gestures (two-handed flat palm) from Ex-
periment 3 were used again, with forward and backward direction.

Overall, we had a total of 322 participants, of which 82 had to
be excluded for being non-native speakers, having experienced
video issues, or not responding “Monday” or “Friday” (25% ex-
clusion). The final sample consisted of 122 male participants, 114
female participants, and 4 others, with an average age of 37 (range
18 to 75).

Results

Figure 5 shows the proportion of “Monday” and “Friday” re-
sponses as a function of Language (“moved by” vs. “changed by”)
and Gesture Direction. Overall, there was a disproportionate

Figure 4. Results of Experiment 3 show a strong effect of Language Direction (many more “Monday”
responses for backward language), as well as a consistent effect of Gesture Direction (more “Friday” responses
for forward movements). See the online article for the color version of this figure.
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models, the reference level of the dependent variable was set to
“Monday,” thus, the coefficients below report the changes in the
odds of observing a “Friday” response.

We used default priors for the intercept and the standard devi-
ation as well as weakly informative priors with normal distribu-
tions centered at zero (SD ! 1) as priors for the coefficients.
Hamiltonian Markov Chain Monte Carlo (MCMC) sampling was
conducted with eight chains and 8,000 iterations (2,000 of which
were warm-up), resulting in a total of 48,000 posterior samples
used for inference. The same priors and MCMC specifications
were used for all of the following experiments. There was no
indication of convergence issues (all Rhat values ! 1.00, no
divergent transitions) in the model for this experiment or all
following experiments.

Results

Figure 2 displays the proportion of “Monday” and “Friday”
response as a function of Language Direction and Gesture Direc-
tion. Overall, 136 participants responded “Monday” (71%), com-
pared with 55 participants who responded “Friday” (29%). When
broken up by the Language Direction factor, 83 participants in the
“backward” adverb condition responded “Monday” (86%), com-
pared with only 14 who responded “Friday” (14%). In contrast,
responses were more mixed in the “forward” adverb condition,
with 54 participants responding “Monday” (56%) and 41 partici-
pants responding “Friday” (44%). The Bayesian logistic regression
model indicated a positive coefficient for the Language Direction
factor (log odd increase of “Friday” responses in the “forward”
adverb condition ! 1.39), with a 95% credible interval far away
from zero [0.74, 2.06]. In fact, not a single posterior sample for this
coefficient was below zero, indicating very strong evidence for an
effect of the adverbial manipulation, Pr!!̂ " 0 # 1.0".

What about the effect of Gesture Direction? When the gesturing
hand was moved forward (away from the speaker), 62 participants
responded “Monday” (68%) and 29 participants responded “Fri-
day” (29%). There was little difference to the condition where the
gesturing hand moved backward (toward the speaker), where 74
participants responded “Monday” (74%), compared with 26 par-
ticipants who responded “Friday” (26%). The Bayesian logistic
regression model estimated the coefficient of the Gesture Direction
effect to be very small (!̂ # 0.18) with a wide 95% credible
interval that included zero ["0.47, 0.82]. The estimated posterior
probability of this effect being above zero, Pr!!̂ " 0", was 0.70.
There similarly was no compelling evidence for an interaction
between Language Direction and Gesture Direction, with the co-
efficient of 0.37 (more “Friday” responses in the “forward” lan-
guage and the forward gesture condition) having a wide credible
interval ["0.75, 1.51]. The posterior probability of the interaction
effect being above zero was 0.74.

Discussion

Experiment 1 failed to find compelling evidence for an effect of
Gesture Direction. There was, however, a very reliable effect of
Language Direction. Somewhat puzzlingly, this effect goes in the
opposite direction of what is reported in Feist and Duffy (2015).
Whereas they reported more “Monday” responses for the “for-
ward” adverb, compared with “backward”, the present study found

that the “forward” adverb increased the proportion of “Friday”
responses. Similar to Feist and Duffy (2015), we found an overall
bias toward “Monday” responses. This deviates from most studies
on the “Next Wednesday’s meeting” question, which consistently
find a small but reliable overall bias toward “Friday” responses
(Stickles & Lewis, 2018). Our meta-analysis (see the Meta-
Analysis section below) will shed light on why we observed
overall more “Monday” responses compared with other studies;
however, we currently have no compelling explanation as to why
the “forward/backward” manipulation led to the opposite effect of
that reported in Feist and Duffy (2015). One possibility is that the
meanings of these spatial adverbs is subtly different in the U.K.
population tested in Feist and Duffy (2015), compared with the
present population, which was U.S.-based. This is a likely expla-
nation, especially because dialectal differences in the interpretation
of the “Next Wednesday’s meeting” question have already been
noted for other languages (Stocker & Hartmann, 2019).

In contrast to Jamalian and Tversky (2012) and Lewis and
Stickles (2017), we found no strong evidence for a reliable effect
of Gesture Direction. This is unlikely owing to a difference in
statistical power between these experiments: Experiment 1 in-
cluded more participants than Experiment 1 in Lewis and Stickles
(2017) (N ! 168) and many more than the experiment conducted
by Jamalian and Tversky (2012) (N ! 40).

Could it be that the lack of a Gesture Direction effect has to do
with the fact that we used Amazon Mechanical Turk, or that people
simply did not pay attention to the screen, thus not noticing the
gestures? This seems unlikely. First, Lewis and Stickles (2017)
found reliable gesture effects using Amazon Mechanical Turk.
Second, in our post-experiment debriefing question, we asked
participants “Did you notice the person’s gestures?.” 176 partici-
pants (92%) responded “Definitely yes,” and furthermore 11 par-
ticipants (6%) responded “Probably yes.” In contrast, only four
participants in total (#3%) responded “Might or might not,”
“Probably not,” or “Definitely not” to this question. Thus, lack of
attention to gesture is unlikely the cause of our failure to obtain a
gesture effect.

The most likely explanation behind the null result for Gesture
Direction is the choice of hand configuration. Lewis and Stickles
(2017) also used an open handed gesture, but with the palm
vertically aligned, facing toward the torso of the speaker, similar to
what is described in Jamalian and Tversky (2012; see Figure 1c).
It is quite likely that the palm-up open hand gesture we used was
interpreted in a different, non-temporal manner. In particular,
consistent with the meaning of this hand configuration reported in
the literature (Cooperrider et al., 2018; Kendon, 2004; McNeill,
1992; Mittelberg, 2017; Müller, 2004; Parrill, 2008), this gesture
may have been interpreted as merely presenting information rather
than indicating a movement along the time line. In Experiment 2,
we manipulated the form of the gesture to see whether this would
yield any directional effects.

An additional explanation is suggested by the participants’
responses to the debriefing question. Some had very positive
impressions of the speaker saying such things as “He was very
articulate” or “He seemed like a nice guy.” Others noted that the
speaker seemed strange or foreign, such as “He isn’t native to the
United States, and uses odd hand gestures,” “Is he from a different
planet?,” and “He seems like he wants to be a mentalist.” We
thought that perceived likability of the speaker may be a moder-
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ating factor in this experiment since the directional effect of the
gesture depends on whether one is willing to assume the speaker’s
perspective or not. Thus, Experiment 2 included two socially
relevant scales to investigate this phenomenon.

Experiment 2

Method

The main purpose of Experiment 2 was to assess whether the
Gesture Direction effect can be obtained at all if the execution of
the gesture is changed. We sought to replicate the Gesture Direc-
tion effect reported in Lewis and Stickles (2017), which used a flat
palm gesture, as shown in Figure 1c. In addition, we explored one
additional hand configuration, the pushing gesture shown in Figure
1d. We included both single-handed and two-handed versions of
both of these gestures. Whereas Lewis and Stickles (2017) used
single-handed gestures, Jamalian and Tversky (2012) used two-
handed gestures, which may be more salient to the addressee. As
Experiment 2 was focused on exploring the role of gestural exe-
cution, we did not manipulate the language as in Experiment 1,
instead keeping with the more canonical “forward” form of the
question. Thus, the design of Experiment was 2 ! 2 ! 2 (Gesture
Direction ! Hand Shape ! Hand Number).

A few subtle cosmetic changes were undertaken to improve
Experiment 1 further. First, rather than asking “What day has the
meeting been rescheduled to?,” we asked “What day is it on
now?,” which more closely follows Lewis and Stickles (2017).
Second, in Experiment 1, the response box appeared on a separate
screen (after participants clicked “"""”), which perhaps made
responses less immediate, and it furthermore introduced an addi-
tional (rightward-pointing) spatial element. This time, we pre-
sented the text entry box on the same screen immediately beneath
the video. Third, we changed the video so that it included im-
proved lighting conditions and a clearer background. The new
video also included a 2-s intro for which the words “Watch this
video” appeared on a black screen. This was included to ensure
that participants paid enough attention to the video.

Following on from Experiment 1, where we had to exclude
many participants for not responding either “Monday” or “Friday,”
and after the null result for Gesture Direction in Experiment 1, we
decided to run the new experiment with a slightly increased sample
size (N # 294). Unfortunately, we ended up with a similar sample
size to Experiment 1 (N # 199) owing to an even larger number of
exclusions (32% exclusions overall due video issues, responses
that were neither “Monday” nor “Friday,” etc.). The final sample
included 125 men and 74 women (average age # 36, range 18 to
72).

In correspondence with the 2 ! 2 ! 2 design, the Bayesian
logistic regression model included the factors Gesture Direction
(backward vs. forward), Hand Shape (flat vs. push), and Hand
Number (single-handed vs. two-handed), all deviation coded
($0.5, %0.5).

To explore social factors in influencing perspective taking, we
added four items from Reysen’s likability scale (Reysen, 2005),
asking whether participants thought that the “person in the video”
is “warm,” “approachable,” “friendly,” and “likeable.” In addition,
we added the two best-performing social questions from an abbre-
viated Autism Quotient (AQ) measure (Allison, Auyeung, &

Baron-Cohen, 2012): “I find it easy to work out what someone is
thinking or feeling just by looking at their face” and “I find it
difficult to work out people’s intentions.” For both the likability
scale and AQ measure, we used a 5-point scale ranging from 1
(“strongly agree”) to 5 (“strongly disagree”).

Because the inclusion of likability and AQ question increased
the length of the experiment, we raised the fee paid to Amazon
Mechanical Turk participants from 0.30 to 0.40 USD.

Results

Figure 3 shows the results of Experiment 2. Overall, there were
slightly more participants responding “Friday” (N # 112, 56%)
than “Monday” (N # 87, 44%). This time, there was a reliable
effect of Gesture Direction. Averaging across all forms of gestural
execution, forward movements led to more “Friday” responses
(N # 78, 76%) than “Monday” responses (N # 24, 24%). In
contrast, backward movements led to relatively more “Monday”
responses (N # 63, 65%) than “Friday” responses (N # 34, 35%).
The Bayesian logistic regression indicated a strong effect of
Gesture Direction (!̂ " 1.76, 95% CI [1.16, 2.38]) with the
posterior probability of this main effect being larger than zero
Pr!!̂ # 0" " 1.0 (no single posterior sample below zero).

There also was evidence for a main effect of Hand Shape
(!̂ " 0.71, 95% CI #1.16,2.38$, Pr!!̂ # 0" " 0.99), with the
push gesture leading to more “Friday” responses (N # 59, 64%)
than “Monday” responses (N # 33, 36%), compared with the flat
gesture, which evoked about the same number of “Friday” re-
sponses (N # 53, 50%) and “Monday” responses (N # 54, 50%).
There was no evidence for a reliable main effect of Hand Number,
nor was there any indication for strong two-way or three-way
interaction effects (all 95% credible intervals included zero). There
was some mild evidence for a two-way interaction between Hand
Number and Gesture Direction (Pr!!̂ # 0" " 0.92), with single-
handed gestures having less pronounced directional differences
than two-handed gestures.

In a separate analysis, we explored the role of social factors. For
this, the values from the likability scale and the AQ were added to
created sum scores (one per participant). These scores were cen-
tered (to aid interpretation in the presence of interactions). A
Bayesian logistic regression modeled the “Monday” versus “Fri-
day” responses as a function of Gesture Direction, as well as the
interaction between Gesture Direction and AQ and the interaction
between Gesture Direction and Likability.

For these social measures, we are specifically interested in the
interaction effects with Gesture Direction and will only discuss
these in the following. The AQ ! Gesture Direction interaction was
estimated to have a negative coefficient (!̂ " $0.21), indicating
that participants with higher AQ (more autistic traits) responded
less with “Friday” in response to forward movements. However,
the 95% credible interval for this effect was very wide and
included zero [$0.57, 0.16]. The posterior probability of this
effect being below zero was only Pr!!̂ % 0" " 0.86. For the
likability scale, more reliable results were obtained. Although
the 95% of the coefficient (!̂ " 0.24) barely included zero
[$0.04, 0.52], compared with the effect of AQ, there was a
stronger posterior probability associated with the effect being
above zero, Pr!!̂" " 0.95.
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ating factor in this experiment since the directional effect of the
gesture depends on whether one is willing to assume the speaker’s
perspective or not. Thus, Experiment 2 included two socially
relevant scales to investigate this phenomenon.

Experiment 2

Method

The main purpose of Experiment 2 was to assess whether the
Gesture Direction effect can be obtained at all if the execution of
the gesture is changed. We sought to replicate the Gesture Direc-
tion effect reported in Lewis and Stickles (2017), which used a flat
palm gesture, as shown in Figure 1c. In addition, we explored one
additional hand configuration, the pushing gesture shown in Figure
1d. We included both single-handed and two-handed versions of
both of these gestures. Whereas Lewis and Stickles (2017) used
single-handed gestures, Jamalian and Tversky (2012) used two-
handed gestures, which may be more salient to the addressee. As
Experiment 2 was focused on exploring the role of gestural exe-
cution, we did not manipulate the language as in Experiment 1,
instead keeping with the more canonical “forward” form of the
question. Thus, the design of Experiment was 2 ! 2 ! 2 (Gesture
Direction ! Hand Shape ! Hand Number).

A few subtle cosmetic changes were undertaken to improve
Experiment 1 further. First, rather than asking “What day has the
meeting been rescheduled to?,” we asked “What day is it on
now?,” which more closely follows Lewis and Stickles (2017).
Second, in Experiment 1, the response box appeared on a separate
screen (after participants clicked “"""”), which perhaps made
responses less immediate, and it furthermore introduced an addi-
tional (rightward-pointing) spatial element. This time, we pre-
sented the text entry box on the same screen immediately beneath
the video. Third, we changed the video so that it included im-
proved lighting conditions and a clearer background. The new
video also included a 2-s intro for which the words “Watch this
video” appeared on a black screen. This was included to ensure
that participants paid enough attention to the video.

Following on from Experiment 1, where we had to exclude
many participants for not responding either “Monday” or “Friday,”
and after the null result for Gesture Direction in Experiment 1, we
decided to run the new experiment with a slightly increased sample
size (N # 294). Unfortunately, we ended up with a similar sample
size to Experiment 1 (N # 199) owing to an even larger number of
exclusions (32% exclusions overall due video issues, responses
that were neither “Monday” nor “Friday,” etc.). The final sample
included 125 men and 74 women (average age # 36, range 18 to
72).

In correspondence with the 2 ! 2 ! 2 design, the Bayesian
logistic regression model included the factors Gesture Direction
(backward vs. forward), Hand Shape (flat vs. push), and Hand
Number (single-handed vs. two-handed), all deviation coded
($0.5, %0.5).

To explore social factors in influencing perspective taking, we
added four items from Reysen’s likability scale (Reysen, 2005),
asking whether participants thought that the “person in the video”
is “warm,” “approachable,” “friendly,” and “likeable.” In addition,
we added the two best-performing social questions from an abbre-
viated Autism Quotient (AQ) measure (Allison, Auyeung, &

Baron-Cohen, 2012): “I find it easy to work out what someone is
thinking or feeling just by looking at their face” and “I find it
difficult to work out people’s intentions.” For both the likability
scale and AQ measure, we used a 5-point scale ranging from 1
(“strongly agree”) to 5 (“strongly disagree”).

Because the inclusion of likability and AQ question increased
the length of the experiment, we raised the fee paid to Amazon
Mechanical Turk participants from 0.30 to 0.40 USD.

Results

Figure 3 shows the results of Experiment 2. Overall, there were
slightly more participants responding “Friday” (N # 112, 56%)
than “Monday” (N # 87, 44%). This time, there was a reliable
effect of Gesture Direction. Averaging across all forms of gestural
execution, forward movements led to more “Friday” responses
(N # 78, 76%) than “Monday” responses (N # 24, 24%). In
contrast, backward movements led to relatively more “Monday”
responses (N # 63, 65%) than “Friday” responses (N # 34, 35%).
The Bayesian logistic regression indicated a strong effect of
Gesture Direction (!̂ " 1.76, 95% CI [1.16, 2.38]) with the
posterior probability of this main effect being larger than zero
Pr!!̂ # 0" " 1.0 (no single posterior sample below zero).

There also was evidence for a main effect of Hand Shape
(!̂ " 0.71, 95% CI #1.16,2.38$, Pr!!̂ # 0" " 0.99), with the
push gesture leading to more “Friday” responses (N # 59, 64%)
than “Monday” responses (N # 33, 36%), compared with the flat
gesture, which evoked about the same number of “Friday” re-
sponses (N # 53, 50%) and “Monday” responses (N # 54, 50%).
There was no evidence for a reliable main effect of Hand Number,
nor was there any indication for strong two-way or three-way
interaction effects (all 95% credible intervals included zero). There
was some mild evidence for a two-way interaction between Hand
Number and Gesture Direction (Pr!!̂ # 0" " 0.92), with single-
handed gestures having less pronounced directional differences
than two-handed gestures.

In a separate analysis, we explored the role of social factors. For
this, the values from the likability scale and the AQ were added to
created sum scores (one per participant). These scores were cen-
tered (to aid interpretation in the presence of interactions). A
Bayesian logistic regression modeled the “Monday” versus “Fri-
day” responses as a function of Gesture Direction, as well as the
interaction between Gesture Direction and AQ and the interaction
between Gesture Direction and Likability.

For these social measures, we are specifically interested in the
interaction effects with Gesture Direction and will only discuss
these in the following. The AQ ! Gesture Direction interaction was
estimated to have a negative coefficient (!̂ " $0.21), indicating
that participants with higher AQ (more autistic traits) responded
less with “Friday” in response to forward movements. However,
the 95% credible interval for this effect was very wide and
included zero [$0.57, 0.16]. The posterior probability of this
effect being below zero was only Pr!!̂ % 0" " 0.86. For the
likability scale, more reliable results were obtained. Although
the 95% of the coefficient (!̂ " 0.24) barely included zero
[$0.04, 0.52], compared with the effect of AQ, there was a
stronger posterior probability associated with the effect being
above zero, Pr!!̂" " 0.95.
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…



Monday and Friday exhibit progressively more “Monday” or “Fri-
day” responses, respectively.

These differences of the day that the experiment was conducted
may explain the difference between Experiment 1 and Experiment
2, because Experiment 1 (many more “Monday” responses) was
conducted on several days of the week, including Monday, but
Experiment 2 (many more “Friday” responses) was conducted on
a Thursday, much closer to Friday. However, the day of the week
differences cannot explain the stark difference in the proportion of
“Monday” and “Friday” responses between Experiments 3 and 4,
which were run at exactly the same time (these two experiments
were released on Amazon Mechanical Turk together). This sug-
gests that the difference between these two experiments has to do
with the stimuli. One possible explanation is that in the absence of
any directional information (no mentioning of “forward” or “back-
ward”), people assume a future oriented perspective by default.

Effect of Likability Across Experiments

In Experiments 2, 3, and 4, we observed weak but reliable
interactions between likability and Gesture Direction. However,
for each of these experiments, the 95% credible interval covered
zero. Thus, to assess the reliability of this finding, we wanted to
accumulate the evidence for the likability interaction effect across
experiments, running a separate Bayesian logistic regression
model that combined the data from all studies. This analysis
revealed that across experiments, there is much evidence for the
interaction between Likability and Gesture Direction (see Fig-
ure 7), with the overall coefficient being positive (!̂ " 0.19,
[0.05, 0.32]) and having a high posterior probability of being
above zero Pr!!̂ # 0" " 0.997.

It is also worth pointing out that the distribution on the likability
scale is dominated by one particular value, 12 (the median), which

Figure 6. Proportion of “Monday” and “Friday” responses collapsed across experiments for different days of
the week. See the online article for the color version of this figure.

Figure 7. Likability interaction effect across Experiments 2 to 4 (likability was not included in Experiment 1),
as well as the coefficient of a combined analysis that accumulates evidence across experiments; error bars
indicate 95% Bayesian credible intervals.
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