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Lecture 4: Self-paced reading



Matter arising from the lab

• “How do I make the prompt appear above the buttons on an html-
button-response trial?”



Enochson & Culbertson (2015)

Enochson, K., & Culbertson, J. (2015). 
Collecting Psycholinguistic Response Time 
Data Using Amazon Mechanical Turk. PLoS
ONE, 10, e0116946.
Three self-paced reading experiments on 
MTurk
• Do small but meaningful RT differences 

seen in lab studies replicate online, despite 
reduced experimental control and increased 
variability in e.g. participant hardware?
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Self-paced reading

Demo with this week’s lab code!



Sample size, study duration etc

• Self-reported native speakers of English
• N=34 (Exp 1), 82 (Exp 2), 60 (Exp 3)
• 96-120 items per experiment (mainly fillers)
• 20 minutes, $1



Test items and predicted effects (Experiment 1)

Filler-gap (in all sentences)
• Which antique was the maid polishing ___ in the study?

Full DP vs pronoun
• Which antique was the maid polishing in the study?
• Which antique was she polishing in the upstairs study?

Agreement attraction
Which antique was the maid polishing in the study?
Which antiques was the maid polishing in the study?



Residual reading times
You would expect e.g. word length and frequency to influence reading 
time
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Fig. 1. Effects of length and frequency on word N reading time. 

Target word (n) reading times: effects of length and frequency 
The mean total reading time for the target word (w) as a function of its length and 
frequency is shown in Fig. 1. 

A 3 (low, medium, or high word frequency) x 5 (word length of 3, 4, 5, 6, or 7 
letters) ANOVA was conducted on these data, across both subjects (Fi) and items 
(F2). A significant main effect of word length of word n on its total reading time 
was observed (̂ 1(4,76) = 73.66, p < 0.001, MS^ = 341425; 2̂(4,5546) = 102.42, 
p < 0.001, MSQ = 6358912). All pairwise comparisons between means of the 
five different word lengths showed significant differences; total reading time was 
affected by each increase in word length between 3 and 7 letters (all lvalues 
>2.77, all j9-values <0.01). There was also a significant main effect of word 
frequency of word n on its total reading time (Fi(2,3^) = 25.23, p < 0.001. 
M5e = 49144; 7̂ 2(2,5546) = 14.89, p < 0.001, MS^ = 924514). Comparisons 
between means of target word frequencies revealed that readers spent longer 
reading low frequency words compared to either medium (ti = 3.35, p < 0.01, 
t2 = 2.3, p < 0.05) or high (̂ i = 7.1, p < 0.001, 2̂ = 5.33, p < 0.001) frequency 
target words. Participants also took longer to read medium than high frequency 
target words (̂ 1 = 3.75, p < 0.001, 2̂ = 3.04, p < 0.01). There was no interaction 
between target word length and target word frequency (Fi(8,152) = 2.05, p > 0.05. 
M5e = 5542; 2̂(8,5546) = 1.67, p > 0.05, M5e = 103478).' 

From Underwood, G., Binns, A., & Walker, S. (2000). Attentional Demands on the Processing of Neighbouring Words. In l. Kennedy, R. 
Radach, D. Heller, & J. Pynte (Eds.), Reading as a Perceptual Process (pp 247-268). Amsterdam: North-Holland.



Residual reading times
Regression line – line of best fit, minimising residuals



Exp 1 results

Fig 2. Subject definiteness results.Mean residual reading time is plotted by region for DP and pronoun
sentences in Experiment 1. Error bars represent standard error of the mean.

doi:10.1371/journal.pone.0116946.g002

Fig 3. Filler-gap effect results.Mean residual reading time is plotted by region for all conditions in
Experiment 1. The effect of interest is the difference between the verb region and the V+1 region. Error bars
represent standard error of the mean.

doi:10.1371/journal.pone.0116946.g003
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Test items and predicted effects (Exps 2-3)

Experiment 2
• The slogan on the poster was designed to get attention
• The slogan on the posters was designed to get attention
• *The slogan on the poster were designed to get attention
• *The slogan on the posters were designed to get attention

Experiment 3
• The runner who the driver sees during the commute…
• The runners who the driver sees during the commute… 
• *The runner who the driver see during the commute…
• *The runners who the driver see during the commute…



Experiment 3
In Experiment 3 we attempt to replicate agreement attraction effects in relative clause modifiers
reported in Wagers et al. [29]. For example, in a sentence like The runner(s) who the driver see
(s) during the commute every morning always wave(s) to say hi, the main clause subject runner
(s) functions as a potential attractor for the agreeing relative clause verb see(s). Because the orig-
inal task as described in Wagers et al. [29] is substantially longer than Experiments 1 and 2
(a total of 192 items compared to 120 and 110 respectively), here we reduce the number of
items and increase the number of subjects.

Method
PARTICIPANTS. Wagers et al. [29] used data from 30 participants; we doubled this to 60 par-
ticipants, recruited and compensated as in Experiments 1 and 2. Participants were recruited
over the course of 4 days.

ETHICS STATEMENT. This research was conducted with the approval of the George
Mason University human subjects review board. Prior to accepting the HIT, participants were
presented with the informed consent document and instructions stating that clicking “Agree”
indicates voluntary participation. Written consent was waived by the University’s IRB on the
grounds that the research presented no more than minimal risk to participants and the study
involved no procedures for which written consent is normally required outside of the
research context.

APPARATUS, STIMULI & DESIGN. As in Experiments 1 and 2, this experiment was pre-
sented to workers as a ScriptingRT Flash movie embedded in an HTML page. Stimuli for Ex-
periment 3 come fromWagers et al. Experiment 2 [29]. As mentioned above, in order to keep
Experiment 3 consistent with Experiments 1 and 2 in terms of time and compensation, we
used a subset of the items; in particular we used the first half of the critical items from the

Fig 4. Agreement attraction with PPmodifiers.Mean residual reading time is plotted by region for each
condition in Experiment 2. Error bars represent standard error of the mean.

doi:10.1371/journal.pone.0116946.g004
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experiments was $1.30 per participant ($1 to the participant, $0.30 to AMT), and each experi-
ment was completed within a week or less.

Comparing AMT data with lab data
As mentioned above, the major concern associated with using web-based methods to gather
behavioral data is a potential increase in variability. In addition to the higher variability that
might result from a more diverse population of participants, in the case of response time data
there are also differences in keyboard sampling and/or monitor refresh rates across devices. Be-
cause even the fastest keyboard sampling rates can never capture a time faster than the partici-
pant’s response time, an increase in keyboard sampling rate variability will result in an overall
increase in mean response times. It is worth noting that issues of variable keyboard sampling
rate and monitor refresh rate are not unique to web-based research methods; across laborato-
ries using different computers and keyboards or even within a laboratory with multiple com-
puters, the same issues arise. However, there is reason to suspect that the magnitude of
hardware differences is not large enough to impact qualitative results. Further, in the case of
AMT, the variety of different computer monitors and keyboards should essentially wash out
any effect of differences in refresh rate and sampling rate in the aggregate.

A number of other studies have compared data gathered in the lab to data gathered over
AMT in qualitative [2,3,5,9] and quantitative [41] terms. These studies suggest that data cap-
tured over the web can successfully replicate data gathered in the lab. However, as our goal is to
replicate psycholinguistic effects using response time data gathered over AMT, we provide here
a direct comparison with laboratory results. We provide this for Experiment 1, since Experi-
ments 2 and 3 are close replications of previously published lab-based studies. Participants
were 22 undergraduate students from George Mason University who completed the study in
exchange for extra credit in an undergraduate linguistics course. The experiment was presented

Fig 5. Agreement attraction with RCmodifiers.Mean residual reading time is plotted by region for each
condition in Experiment 3. Error bars represent standard error of the mean.

doi:10.1371/journal.pone.0116946.g005
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The slogan on the poster was designed to get attention
The slogan on the posters was designed to get attention
*The slogan on the poster were designed to get attention
*The slogan on the posters were designed to get attention

The runner who the driver sees during the commute…
The runners who the driver sees during the commute… 
*The runner who the driver see during the commute…
*The runners who the driver see during the commute…



Enochson & Culbertson’s conclusions

MTurk is suitable for collecting reading-time data in self-paced reading 
tasks
• Similar patterns of results to those seen in lab tasks
• (Paper also includes lab replication of Exp 1)
They also make some suggestions re. Masters qualifications and batch 
sizes that I don’t necessarily agree with – see my reading notes!



Time for Q&A/discussion on this week’s reading 



Next up

Wednesday, 9am: lab
• Our second proper experiment: self-paced reading
• If you are behind, do your best to get caught up before the lab

Next week:
• No lecture on 17th October
• Lab on 19th October is for catchup – no new material


