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Abstract

This study investigates interference effects in sentence
processing. A parade case involves agreement attraction,
where the processing of a number mismatch between a verb
and its subject is eased by a number-matching lure (*The
keyiarger to the cabinets\. were rusty), relative to sentences
where neither noun matches the verb (*The key to the cabinet
were rusty). Existing accounts claim that this effect reflects
error-prone retrieval or misrepresentation of the target.
Recently, a third account has been proposed which claims that
the contrast between the two configurations reflects increased
difficulty in the second sentence due to feature overwriting in
the encoding (both nouns are singular). We provide results
from two self-paced reading experiments that isolate the
effects of feature overwriting and attraction by manipulating
the presence of an agreement cue. Results showed a larger
difference within the configurations with a cue, which suggest
that attraction cannot be reduced to feature overwriting.

Keywords: sentence processing, interference, agreement
attraction, memory retrieval, feature overwriting, reading times

Introduction

Interference effects provide valuable clues about how we
mentally encode and access linguistic information in working
memory during language processing (Jager, Engelmann, &
Vasishth, 2017). One type of interference effect that has
received much attention in the sentence comprehension
literature involves so-called “agreement attraction” (Clifton,
Frazier, & Deevy, 1999; Pearlmutter, Garnsey, & Bock,
1999; Wagers, Lau, & Phillips, 2009), where the processing
of a number mismatch between a verb and its subject is eased
by a number-matching lure noun (the “attractor”), e.g., (1a),
relative to equally ungrammatical sentences that lack a
number-matching noun, e.g., (1b).

(1) a. *The key(target) to the cabinetsure) unsurprisingly were
rusty.
b. *The key to the cabinet unsurprisingly were rusty.

There are two leading accounts of agreement attraction.
One account pins the problem on error-prone memory
retrieval mechanisms (Wagers et al., 2009). On this account,
the plural verb were in (1) triggers a retrieval process to
recover an item in memory that matches the cues [+subject]
and [+plural]. In (1a), this process may erroneously retrieve

the plural lure, e.g., the cabinets, based on the partial match
to the [+plural] cue, leading to the false impression that
agreement is licensed (see also Dillon, Mishler, Sloggett, &
Phillips, 2013; Lago, Shalom, Sigman, Lau, & Phillips, 2015;
Tanner, Nicol, & Brehm, 2014; Tucker, Idrissi, & Almeida,
2015). A competing account suggests that attraction reflects
misrepresentation of the target subject, rather than
misretrieval (see Hammerly, Staub, & Dillon, 2019, for a
review). One version of this account claims that the plural
feature of the attractor “percolates” up to the target subject,
spuriously licensing agreement (Bock & Eberhard, 1993;
Eberhard, 1997; Franck, Vigliocco, & Nicol, 2002;
Vigliocco, Butterworth, & Semenza, 1995). Another version
claims that spreading activation of the plural number on the
attractor triggers agreement (Eberhard, Cutting, & Bock,
2005).

Recently, a third account has been proposed. Vasishth and
colleagues (Vasishth, Jager, & Nicenboim, 2017) argued that
the contrast between the sentences in (1) does not reflect
misretrieval or misrepresentation of the target, but rather
increased processing difficulty in (1b), relative to (1a), due to
feature overwriting at the stage of encoding. Vasishth et al.
point out that whereas the nouns in the attractor-match
condition (la) have different number markings (target =
singular, attractor = plural), the nouns in the attractor-
mismatch condition (1b) are both singular. In this scenario, a
process known as “feature overwriting” (Nairne, 1990), can
occur, in which the number feature shared between the items
becomes degraded, making retrieval of the target (i.e., the
key) more difficult. This effect constitutes a form of
interference whereby overlap in features between the target
and a lure deteriorates the quality of their representations in
memory, which impedes access to the target, predicting
processing difficulty in the form of a slow down at the point
of retrieval, e.g., at the verb.

The feature overwriting account is attractive because it
does not require stipulation of any new mechanisms and
Vasishth et al. (2017) offer an explicit computational model
of their account that provides a good fit to existing data.
However, their account misses a key point about agreement
attraction: comprehenders find the attractor-match condition
(1a) to be on a par with grammatical agreement, e.g., The key
to the cabinet(s) is rusty, giving rise to an “illusion of
acceptability” (Phillips, Wagers, & Lau, 2011). Crucially, the
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feature overwriting account does not
comprehenders are fooled into accepting (1a).

It is difficult to distinguish the competing accounts of
agreement attraction because the data (e.g., reading times,
acceptability judgments) underdetermines the underlying
generative processes, i.e., there are multiple cognitive
processes that could give rise to the observed behavior. Here,
we set out to test the predictions of the feature overwriting
account. Specifically, if the contrast between (1a) and (1b)
reflects increased processing difficulty due to feature
overwriting in the attractor-mismatch condition (1b), then the
same contrast should arise even when the verb does not
deploy a number cue for retrieval, as in the case with past
tense verbs, e.g., The key to the cabinets apparently had been
misplaced.

This prediction was first extrapolated in Villata et al.
(2018). Villata and colleagues tested retrieval for agreement
processing in configurations with and without a number cue
like in Table 1 and found that overlap in number features
between the target (e.g., the waiter) and lure (e.g., the
dancer(s)) had a marginal effect on agreement processing,
but only when retrieval required number agreement (e.g.,
criticizes). Villata and colleagues presented their findings as
evidence for interference at retrieval.

explain why

Table 1: Sample items from Villata et al. (2018) Expt. 2.

The dancer-SG that the waiter-SG
+cue, +tmatch .
strongly criticizes-SG ...
The dancers-PL that the waiter-SG
+cue, -match ..
strongly criticizes-SG ...
The dancer-SG that the waiter-SG

- +match .
cue, Tmate strongly criticized-@ ...

The dancers-PL that the waiter-SG

Racraieh strongly criticized-@ ...

There are two reasons to revisit the claims in Villata et al.
(2018). First, they did not test the critical agreement attraction
configuration in (la), focusing instead on grammatical
sentences where the target matched the verb in number.
Importantly, a growing number of studies suggest that
subject-verb agreement is computed differently in
grammatical and ungrammatical configurations (Lago,
Alcocer, & Phillips, 2011; Wagers et al., 2009). For instance,
in grammatical configurations, agreement can be computed
via predictive processing, e.g., the target subject predicts the
number of the verb. However, when the verb form violates
this prediction in ungrammatical configurations like those in
(1), comprehenders engage memory retrieval as a
repair/reanalysis procedure to recover a number matching
item to license agreement. This difference might explain why
Villata et al. (2018) did not find a significant effect of
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retrieval in grammatical contexts. But more research is
needed on the configurations in (1), which are argued to
engage retrieval. Second, singular verbs like those in the +cue
conditions of their study generally do not induce interference
effects. Instead, research shows that only plural verbs trigger
interference, resulting in a “plural markedness effect” (see
Wagers et al., 2009, for discussion). That is, the conditions
that Villata et al. may not have been an appropriate test for
interference effects. It thus remains unclear whether
interference in configurations like (l1a) can be reduced to
feature overwriting in the encoding.

Experiment 1

Experiment 1 tests the predictions of the feature overwriting
account by extending the design developed by Villata et al.
(2018) to configurations that trigger agreement attraction.
Specifically, we used a 2 x 2 design that manipulated (i) the
number overlap between the target subject and a PP attractor
(overlap vs. no overlap), and (ii) the presence of an agreement
cue on the verb (+cue vs. -cue), as shown in Table 2. This
design isolates the effect of feature overwriting with the -cue
conditions, allowing us to compare the profile of feature
overwriting to the attraction effect in the +cue conditions. If
agreement attraction really reflects feature overwriting, we
should see comparable differences within the +cue and -cue
conditions. If attraction has a different underlying process
(e.g., misretrieval, feature misrepresentation), then we see
should a greater difference within the +cue conditions, above
and beyond any effect of feature overwriting revealed in the
-cue conditions.

Importantly, this design overcomes the two main issues
concerning the original design tested by Villata et al. (2018).
First, retrieval is required in both the +cue and -cue
conditions. It is assumed that in the +cue conditions, retrieval
is engaged at the verb in response to the number prediction
error generated by the subject (Wagers et al., 2009). In the -
cue conditions, retrieval is required to relate the subject and
verb thematically. Second, the design employs plural verbs in
the +cue conditions, which reliably induce interference
effects (Wagers et al., 2009).

Table 2: Sample items from Experiment 1.

The key to the cabinets apparently have

- + -
overlap, +cue been misplaced by the guard.

The key to the cabinet apparently have

+ + ~
DEIARSAE o misplaced by the guard.

The key to the cabinets apparently had

-overlap, -cue misplaced by the guard.

The key to the cabinet apparently had

+ -
DEIAEIE o misplaced by the guard.




Participants

Participants were 120 native speakers of English recruited
from [author’s institution]. Participants received credit in an
introductory psychology or linguistics course. The
experiment session lasted approximately 25 min.

Materials

Experimental materials were harvested from Wagers et al.
(2009) and modified to create 24 sets of 4 conditions, as
shown in Table 1. Across all item sets, the target subject (e.g.,
the key) was modified by a prepositional phrase that
contained the attractor (e.g., cabinets). Number overlap
between the target and attractor was manipulated by varying
the number of the attractor (singular/plural) to either match
or mismatch the singular target NP. The critical auxiliary
verb was always a form of has: the +cue conditions used
have, which required number agreement, and the -cue
conditions used past tense had, which does not require
number agreement.!

The 24 target items were distributed across 4 lists in a Latin
square design and combined with 48 grammatical filler
sentences of similar length and complexity, such that each
participant read a total of 72 sentences. All sentences were
followed by a ‘yes/no’ comprehension question that
addressed various parts of the sentence to prevent participants
from developing superficial reading strategies that would
allow them to answer the question without reading the entire
sentence.

Procedure

The experiment was conducted using the online experiment
platform Ibex (Drummond, n.d.), which allows self-paced
reading experiments to be deployed in a standard web
browser. Sentences were initially masked by dashes, with
white spaces and punctuation intact. Participants pushed the
space bar to reveal each word. Presentation was non-
cumulative, such that the previous word was replaced with
dashes when the next word appeared. On-screen feedback
was provided for incorrect answers to the comprehension
questions. The order of presentation was randomized for each
participant.

Analysis

Data from all participants were included in the analysis.
Statistical analyses were carried out over the untrimmed, log-
transformed reading time data with linear mixed-effects
models using the /me4 package (Bates, Maechler, & Bolker,
2011) in the R software environment (R Development Core
Team, 2020). Models were defined using orthogonal contrast
coding to examine the effects of number overlap, number cue,
and their interaction (overlap x cue) for three regions of
interest, including the critical auxiliary verb (critical region)
and the following two words (spillover regions 1 and 2). All
models were fit with a full variance-covariance matrix, i.e., a
maximal random effects structure, with random intercepts
and slopes for all fixed effect predictors by participants and
items (Barr, Levy, Scheepers, & Tily, 2014). If there was a
convergence failure or if the model converged but the
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Figure 1. Word-by-word reading times for the +cue (a) and -cue (b) conditions in Experiment 1. Error bars indicate
standard error of the man.

! All items, code, and data for this study are available on the Open
Science Framework (https://osf.io/unk94/).
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correlation estimates were high, the random effects structure
was simplified. A fixed effect was considered significant if
its absolute #-value was greater than 2, which indicates that
its 95% confidence interval did not include 0 (Gelman & Hill,
2007).

Results

Figure 1 shows the average word-by-word reading times for
the four experimental conditions in Table 1. No effects were
observed at the critical region (number overlap: £ =0.00, SE
= 0.02, t = 0.30; cue: § = -0.03, SE = 0.02, ¢ = -1.71;
interaction: 8 = 0.00, SE = 0.02, = 0.16). Spillover region 1
showed a main effect of number overlap (8 =0.08, SE=0.01,
t = 429), cue (B = -0.04, SE = 0.02, ¢ = -2.20) and an
interaction of number overlap with cue (8 =-0.09, SE = 0.02,
t=-3.53), driven by the difference in the +cue conditions (8
= 0.08, SE = 0.02, r = 3.99). No effects were observed in
spillover region 2 (number overlap: 8 =0.02, SE=0.02, =
1.19; cue: B =-0.03, SE = 0.02, t = -1.61; interaction: [3’ =-
0.02, SE =0.02, t=-0.94).

Discussion

Experiment 1 isolated the effect of feature overwriting and
compared it to the effect of agreement attraction to better
understand the source of agreement attraction effects in
sentence comprehension. Specifically, Experiment 1
manipulated the number overlap between the target subject
and a PP attractor (overlap vs. no overlap) and the presence
of an agreement cue (+cue vs. -cue) on the verb. Results
showed a larger difference (i.e., attraction effect) within the
+cue conditions, above and beyond any effect of feature
overwriting revealed in the -cue conditions. These results are
incompatible a feature overwriting account of agreement
attraction, which predicts that comparable effects should be
observed within the +cue and -cue conditions.

A post-hoc analysis of the second NP region (i.e., the lure)
suggested by an anonymous reviewer shows no effects (all s
< 1.45). Crucially, the features of the target NP are
overwritten due to similarity with the lure, we might expect a
reading time penalty at the lure region. However, the lack of
any evidence for such an effect might be taken as additional
evidence against the feature overwriting account.

One concern with Experiment 1 is that in the -cue
conditions, the past tense auxiliary verb (had) might not have
triggered retrieval. For instance, if the auxiliary does not
require agreement, the parser might delay retrieval for
subject-verb binding until the main verb (e.g., had been
misplaced) is encountered. Although there is not a
statistically significant difference between the -cue
conditions at or following the main verb (post-hoc analysis:
ts < 2), it is important to keep the retrieval trigger in the same
linear position across conditions to avoid a confound due to
distance between the retrieval trigger and target item. This
issue is addressed in Experiment 2.
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Experiment 2

The goal of Experiment 2 was to provide a conceptual
replication of Experiment 1, holding constant the position of
the retrieval trigger across conditions. To achieve this,
Experiment 2 used predicates with full lexical verbs in place
of auxiliary verbs as the retrieval trigger.

Participants

Participants were 120 native speakers of English who were
recruited using Amazon’s Mechanical Turk web service
(https://aws.amazon.com/mturk). All participants provided
informed consent and were screened for native speaker
abilities. The screening probed knowledge of the constraints
on English tense, modality, morphology, ellipsis, and
syntactic islands. Participants were compensated $3.00. The
experiment lasted approximately 30 min.

Materials

Experimental materials consisted of the same 24 sets of 4
conditions as in Experiment 1, with the same filler sentences.
To keep the retrieval trigger constant across conditions,
Experiment 2 used full lexical verbs, rather than auxiliary
verbs, as the retrieval trigger, as shown in Table 2.

Table 2: Sample items from Experiment

The key to the cabinets apparently rust

-overlap, +cue .
P, due to years of disuse.

The key to the cabinet apparently rust

+overlap, +cue .
P, due to years of disuse.

The key to the cabinets apparently

-overlap, - .
overiap, -cue rusted due to years of disuse.

The key to the cabinet apparently

+ - .
DICIEE, =8I rusted due to years of disuse.

Procedure and analysis

Experiment 2 used self-paced reading, following the same
procedure used in Experiment 1. Since the experiment was
conducted remotely using Mechanical Turk, we employed an
instructional manipulation check (Oppenheimer, Meyvis, &
Davidenko, 2009) as an additional step to ensure that
participants completed the task as directed. Instructional
manipulation checks ensure that participants complete the
task as directed by asking them to ignore the standard
response format and provide a confirmation that they have
read the instructions.

Data analysis followed the same steps as in Experiment 1.
Five participants were removed from the analysis for failing
the instructional manipulation check, leaving data from 115
participants for the final analysis.
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Figure 2. Word-by-word reading times for the +cue (a) and -cue (b) conditions in Experiment 2. Error bars indicate
standard error of the man.

Results

Figure 2 shows the average word-by-word reading times for
the four experimental conditions in Table 2. No effects were
observed at the critical region (number overlap: £ =0.02, SE
=0.02,t=1.06; cue: B =0.04, SE=0.02, t=1.96; interaction:
B =-0.05, SE =0.03, t=-1.67). Spillover region 1 showed a
main effect cue (8 = -0.06, SE = 0.02, = 2.91) and an
interaction of number overlap with cue (8 =-0.08, SE =0.03,
t =-2.53), driven by the difference in the +cue conditions (8
= 0.06, SE = 0.02, ¢t = 2.70). No effects were observed in
spillover region 2 (number overlap: f =0.00, SE =0.02, =
0.03; cue: B = 0.04, SE = 0.02, t = 1.93; interaction: [3’ =-
0.05, SE=0.02, t=-1.72).

Discussion

Experiment 2 provided a conceptual replication of
Experiment | using full lexical verbs as the retrieval trigger
in place of auxiliary verbs to control for effects of distance.
As in Experiment 1, results showed a difference within the
conditions with an agreement retrieval cue and beyond any
effect of feature overwriting revealed in the conditions
without an agreement cue. Taken together, these results
suggest that agreement attraction cannot be reduced to feature
overwriting at the stage of encoding.

General Discussion

The goal of the current study was to better understand the
underlying generative process that gives rise to agreement
attraction effects in sentence comprehension. Such effects are
typically characterized as eased processing of a subject-verb
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number mismatch in the presence of a number-matching
attractor, relative to sentences that lack a number-matching
NP. Previously, such effects have been attributed to error-
prone memory retrieval mechanisms or misrepresentation of
the target subject. Recently, a third account has been
introduced which claims that the contrast between the
conditions with and without a number-matching attractor
actually reflects feature overwriting in the condition that
lacks a number-matching attractor. On this account, feature
similarity between the candidate agreement controllers
degrades the quality of the target representation in memory,
making it more difficult to recover the target later at retrieval,
giving rise to the timing difference in previous studies.

To test this proposal, we isolated the effect of feature
overwriting by controlling for the use of a number retrieval
cue on the verb and compared the effect to that observed in
agreement  attraction configurations. Results from
Experiments 1 and 2 both showed a larger difference (i.e.,
attraction effect) within the +cue conditions, above and
beyond any effect of feature overwriting revealed in the -cue
conditions, as shown in Figure 3. These results suggest that
the observed reading time differences observed in previous
tests of agreement attraction cannot be reduced to feature
overwriting at the stage of the encoding.

A concern with the current study raised by an anonymous
reviewer is that grammaticality and the presence of a number
cue are confounded in Experiments 1 and 2: the +cue
conditions are ungrammatical, whereas the -cue conditions
are grammatical. Although we assumed that retrieval occurs
in both the +cue and -cue conditions, the trigger for retrieval
differs in these cases, e.g., prediction error vs. subject-verb
thematic linking. This difference might impact agreement
processing, but it is unclear how or in what direction. Future
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work should employ a design in which grammaticality is kept
constant across the +cue conditions.

Lastly, it is important to emphasize that the current results
do not arbitrate between the retrieval and misrepresentation
accounts. But they do underscore the importance of
understanding the primary effect under investigation:
agreement attraction leads to an illusion of grammaticality
(Phillips et al., 2011), whereby ungrammatical conditions are
processed on a par with the grammatical conditions.
Crucially, the feature overwriting account does not explain
this aspect of the phenomenon, and the results of the current
study provide some empirical evidence that narrows down
the space of possibilities by ruling out the feature overwriting
account.

Acknowledgments

We would like to thank the three anonymous reviewers and
the members of the Computational & Experimental
Linguistics Lab at William & Mary for their helpful feedback
on this study. This work was supported in part by NSF grant
BCS-18843309 awarded to Dan Parker.

References

Barr, D., Levy, R., Scheepers, C., & Tily, H. J. (2014). Keep
it maximal. Journal of Memory and Language, 68(3),
1-43.

Bates, D., Maechler, M., & Bolker, B. (2011). Ime4: Linear
mixed-effects models using S4 classes.

Bock, K., & Eberhard, K. M. (1993). Meaning, sound and
syntax in english number agreement. Language and
Cognitive Processes, 8(1), 57-99.

Clifton, C. J., Frazier, L., & Deevy, P. (1999). Feature
manipulation in sentence comprehension. Rivista Di
Linguistica, 11, 11-39.

Dillon, B., Mishler, A., Sloggett, S., & Phillips, C. (2013).
Contrasting intrusion profiles for agreement and

1451

anaphora: Experimental and modeling evidence.
Journal of Memory and Lanuage, 69, 85-103.

Drummond, A. (n.d.). Ibex Farm.

Eberhard, K. M. (1997). The marked effect of number on
subject-verb agreement. Journal of Memory and
Language.

Eberhard, K. M., Cutting, J., & Bock, K. (2005). Making
syntax of sense: Number agreement in sentence
production. Psychological Review, 112, 531-559.

Franck, J., Vigliocco, G., & Nicol, J. (2002). Subject-verb
agreement errors in French and English: The role of
syntactic  hierarchy. Language and Cognitive
Processes, 17,371-404.

Gelman, A., & Hill, J. (2007). Data analysis using regression
and multilevel/hierarchical models. In Analytical
methods for social research.

Hammerly, C., Staub, A., & Dillon, B. (2019). The
grammaticality asymmetry in agreement attraction
reflects response bias: Experimental and modeling
evidence. Cognitive Psychology, 110(January), 70—
104.

Jager, L. A., Engelmann, F., & Vasishth, S. (2017).
Similarity-based interference in sentence
comprehension: Literature review and Bayesian meta-
analysis. Journal of Memory and Language, 94, 305—
315.

Lago, S., Alcocer, P., & Phillips, C. (2011). Agreement
attraction in Spanish: Immediate vs. delayed
sensitivity.

Lago, S., Shalom, D., Sigman, M., Lau, E., & Phillips, C.
(2015).  Agreement  processes in  Spanish
comprehension. Journal of Memory and Language.

Nairne, J. S. (1990). A feature model of immediate memory.
Memory & Cognition, 18, 251-2609.

Oppenheimer, D. M., Meyvis, T., & Davidenko, N. (2009).
Instructional ~ manipulation  checks:  Detecting
satisficing to increase statistical power. Journal of
Experimental Social Psychology, 45, 867-872.

Pearlmutter, N., Garnsey, S., & Bock, K. (1999). Agreement
processes in sentence comprehension. Journal of
Memory and Language, 41, 427-456.

Phillips, C., Wagers, M., & Lau, E. F. (2011). Grammatical
illusions and selective fallibility in real-time language
comprehension. In J. Runner (Ed.), Experiments at the
Interfaces (Vol. 37, pp. 147-180).

R Development Core Team. (2020). R: A language and
environment for statistical computing.

Tanner, D., Nicol, J., & Brehm, L. (2014). The time-course
of feature interference in agreement comprehension:
Multiple mechanisms and asymmetrical attraction.
Journal of Memory and Language, 76, 195-215.

Tucker, M. A., Idrissi, A., & Almeida, D. (2015).
Representing number in the real-time processing of
agreement: Self-paced reading evidence from Arabic.
Frontiers in Psychology, 6.

Vasishth, S., Jager, L. A., & Nicenboim, B. (2017). Feature
overwriting as a finite mixture process: Evidence from



comprehension data. MathPsych/ICCM, (2015).

Vigliocco, G., Butterworth, B., & Semenza, C. (1995).
Constructing Subject-Verb Agreement in Speech: The
Role of Semantic and Morphological Factors. Journal
of Memory and Language.

Villata, S., Tabor, W., & Franck, J. (2018). Encoding and
Retrieval Interference in Sentence Comprehension:
Evidence from Agreement. Frontiers in Psychology, 9,
1-16.

Wagers, M. W., Lau, E. F., & Phillips, C. (2009). Agreement
attraction in comprehension: Representations and
processes. Journal of Memory and Language, 61, 206—
237.

1452



	Introduction
	Goal and Scope
	Target Audience
	References
	Overview
	Theme 1: Cognitive mechanisms of social learning
	Theme 2: Emergent properties of collectives
	Theme 3: Cognition and culture

	Workshop Structure
	References
	Prospect Theory and Optimal Risky Choices with Goals
	Jana B. Jarecki (jana.jarecki@unibas.ch, jj@janajarecki.com)
	Center for Economic Psychology, University of Basel, Missionsstrasse 62a, 4055 Basel, Switzerland
	Jörg Rieskamp (joerg.rieskamp@unibas.ch)
	Center for Economic Psychology, University of Basel, Missionsstrasse 62a, 4055 Basel, Switzerland
	Abstract
	Introduction
	Models of finite-horizon risky choice with goals
	Experiment
	Results
	Discussion
	References
	Appendix
	Explanation Supports Hypothesis Generation in Learning
	Erik Brockbank (ebrockbank@ucsd.edu)
	Department of Psychology, 9500 Gilman Dr.
	La Jolla, CA 92093-109 USA
	Caren Walker (carenwalker@ucsd.edu)
	Department of Psychology, 9500 Gilman Dr.
	La Jolla, CA 92093-109 USA
	Abstract
	Introduction
	Participants
	Procedure

	Results
	Hypothesis Generation
	Hypothesis Evaluation
	Memory
	Time on Task

	Discussion
	Acknowledgments
	References
	Methods
	Participants
	Stimuli
	Task Procedure
	Design

	Results
	Change in reconstruction accuracy across attempts
	Change in reconstruction fluency across attempts
	Change in reconstruction procedure across attempts
	Consistency and variability in procedures across individuals

	Discussion
	Acknowledgments
	References
	A hierarchical Bayesian model of convention
	Model simulations

	Behavioral experiment
	Results

	Discussion
	Acknowledgments
	References
	Jennifer M. Weber (jennifer.m.ellis@colorado.edu)
	Abstract
	Background
	Method
	Participants
	NIH Toolbox Cognitive Assessment
	Extracurricular Activities and Screen Time

	Data Analysis
	Acknowledgments
	References
	Explaining the Existential: Functional Roles of Scientific and Religious Explanation
	Telli Davoodi (tdavoodi@princeton.edu)
	Department of Psychology, Princeton University, Princeton, NJ 08544, USA
	Tania Lombrozo (lombrozo@princeton.edu)
	Department of Psychology, Princeton University, Princeton, NJ 08544, USA
	Abstract
	Distinct Functional Roles for Explanations
	Epistemic Needs
	Emotional Needs
	Both science and religion can support a psychological need for order and control. For example, Kay et al. (2008) found that threat to control contributed to an increase in belief in God when God was presented as intervening and controlling, but not wh...
	Under some conditions, science and religion can both also mitigate anxiety and stress. Norenzayan and Hansen (2006), for example, found that increased attention to mortality increased belief in the existence of God. Farias and colleagues (2013) found ...
	These results, among others (see Rutjens & Preston, in press) suggest that the content of a claim, rather than its scientific or religious designation per se, determines its potential to meet emotional needs. Yet content will tend to vary systematical...
	Social Needs

	Current Project
	Study 1
	Method
	Results

	Study 2
	Discussion
	References
	Introduction
	Data
	Methods
	Models
	Model comparison

	Results
	Understanding the latent factor structure
	Dimensionality across the age-span

	Discussion
	Acknowledgements
	References
	Introduction
	Background
	Probing for Stereotypic Tacit Assumptions
	Results
	Eliciting Properties from Language Models
	Capturing Prince's STAs
	Conclusion
	Acknowledgements
	References
	Introduction
	Background: Measuring Self-Assessment
	Modeling Sequential Confidence Judgments
	Model assumptions
	Generating model predictions

	Fitting the Models to Data
	Procedure
	Model simulations
	Results

	Discussion
	Acknowledgments
	References
	Introduction
	Crowdsourcing as a Research Tool
	Crowdsourcing to Analyze Belief Networks
	Reddit’s Change My View

	Crowdsourcing Study: Assessing Beliefs About Capital Punishment
	Data Collection
	Topic Modeling
	Statistical Analyses
	Feature Extraction with Random Forests
	Predicting Coherence-based and Statistical Considerations

	Discussion
	Limitations and Future Directions

	Acknowledgments
	References
	Chris R. Sims – Computational Rationality: A New Frontier in the Assessment of Individual Behavior
	Travis J. Wiltshire – Social Coordination Dynamics in Collaborative Interactions
	E. B. Torres – Stochastic Shifts in Learning Performance Across the Lifespan
	Roussel Rahman & Wayne D. Gray – Mining Data Hidden by Plateaus, Dips, and Leaps
	Ray Perez – Basic Research for Complex Problems
	Adjective typicality
	Corpus
	Stimulus Selection
	Participants
	Design and Procedure
	Results
	Discussion

	Extracting Typicality from Language Structure
	Method
	Results

	General Discussion
	Acknowledgements
	References
	Introduction
	Experiment 1
	Method
	Procedure
	Results and Discussion

	Experiment 2
	Method
	Procedures
	Results and Discussion

	General Discussion
	Acknowledgements
	References
	Introduction
	Method
	Simulating phone discrimination tasks
	Computational models
	Input to the models

	Results
	Crosslinguistic patterns of ABX discrimination
	Comparing predictions of the two models

	Conclusion
	Acknowledgements
	Introduction
	Perceptimatic English Benchmark
	Generating Model Predictions
	Experiments
	Results
	Discussion
	Related work
	Summary of Contributions
	Acknowledgements
	References
	Introduction
	Methods: DFT
	Architecture
	Object representation: perception and mental map
	Attention
	Concepts
	Target search
	Relations
	Generating sequences of processing steps

	Results
	Discussion
	References
	Introduction
	Formalization of Category Learning
	Incorporating Feature Learning
	Deep Categorization Models

	Methods
	Results
	Performance
	Optimal Number of Centers
	Accuracy Versus Fit to Humans
	Visualizing Category Representations

	Discussion
	Conclusion
	Acknowledgements
	Online Article Comprehension in Monolingual Spanish-Speaking Preschoolers with Specific Language Impairment: A Language-Mediated Visual Attention Study
	Andrea Helo (ahelo@uchile.cl)
	Universidad de Chile, Santiago, Chile
	Carmen Julia Coloma (ccoloma@uchile.cl)
	Universidad de Chile, Santiago, Chile
	Zulema De Barbieri (zdebarbieri@santotomas.cl)
	Universidad Santo Tomás, Santiago, Chile
	Ernesto Guerra (ernesto.guerra@ciae.uchile.cl)
	Universidad de Chile, Santiago, Chile
	Abstract
	Introduction
	The Present Study
	Participants
	Sample selection
	Materials and design
	Apparatus Eye movements were sampled monocularly at 500 Hz using the Remote Mode of the EyeLink 1000 Plus eye tracker system (SR Research, Ontario, Canada). To operate the system in the remote mode, a small target sticker was placed on the participant...
	Stimuli We created 32 short phrases in Spanish composed of two single words (article + noun). All phrases were preceded by an imperative verb (‘Look!’) to draw the participant’s attention to the screen. Half of them contained a definite article and th...

	Procedure
	Data analysis
	Results
	First, we present the results of our confidence intervals analysis, which provides a detailed visual description of the fixation proportion pattern across time. Then, we compared online comprehension of articles in children with SLI and children with ...
	Confidence Intervals results Figure 2 shows participants’ gaze pattern over time divided by children’s group with (within-subject) 95% confidence intervals as shaded areas around the full lines. In the upper panel, the proportion of fixation to each o...
	With regards to the effect of article type on the gaze pattern of children with SLI, confidence intervals show no preference for the target object before the onset of the noun, either when children heard either a definite or an indefinite article. Fig...
	Linear mixed regression results The results of the LMER model on log ratio shows a main effect of children’s group (β = 0.024, se =0.007, t = 3.53, p < 0.01, see Table 1). Overall, the proportion of looks to the target (relative to the lexical competi...


	Discussion
	Acknowledgements
	Special thanks to all children and families that participated in our study. This work was supported by the Agencia Nacional de Investigación y Desarrollo (ANID; National Agency for Research and Development, Government of Chile) under grants REDI170285...
	References
	Introduction
	Current Study
	Measuring Prosodic Predictability
	Participants and procedure

	Results and Discussion
	General Discussion
	Acknowledgements
	References
	Introduction
	Ornstein–Uhlenbeck networks
	Method
	Participants
	Materials
	Stimuli and Design
	Procedure

	Results
	Descriptive Results

	Modeling
	Modeling Results
	Intervention Analyses

	Discussion
	Object Bias Disrupts Rule-Based Generalization in Adults Across Domains
	Evan Orticio (eorticio@gmail.com)
	Department of Psychology, Swarthmore College
	500 College Ave., Swarthmore, PA 19081
	Stella Christie (christie@tsinghua.edu.cn)
	Tsinghua Laboratory of Brain and Intelligence and Department of Psychology, Tsinghua University
	Tsinghua Laboratory of Brain and Intelligence, Tsinghua University, Beijing, China, 100084
	Abstract
	Introduction
	Experiment 1
	Participants
	Stimuli and Procedure
	Results

	Experiment 2
	Participants
	Stimuli and Procedure
	Results

	Comparison of Experiments 1 and 2
	General Discussion
	General Discussion
	References
	Group polarization studies
	The model
	Computational experiments
	Implementation

	Analysis
	Discussion
	References
	Where is Cognitive Science Now?
	Carson G. Miller Rigoli (carsongmr@ucsd.edu)
	Department of Cognitive Science, University of California, San Diego
	La Jolla, CA 92103 USA
	Ashok Goel (goel@cc.gatech.edu)
	School of Interactive Computing, Georgia Institute of Technology
	Atlanta, GA 30308 USA
	Andrea Bender (andrea.bender@uib.no)
	Department of Psychosocial Science, University of Bergen
	Bergen, Norway
	Robert Goldstone (rgoldsto@indiana.edu)
	Department of Psychological and Brain Sciences, Indiana University
	Bloomington, IN 47401 USA
	Rafael Núñez (rnunez@ucsd.edu)
	Department of Cognitive Science, University of California, San Diego
	La Jolla, CA 92103 USA
	Introduction
	References
	Introduction
	Inferring ``ground truth'' from sampling processes
	Study overview

	Computational Modeling
	Naïve Utility Calculus models
	Alternative model

	Experiment 1
	Methods
	Results
	Discussions

	Experiment 2
	Methods
	Results
	Discussions

	General Discussion
	Future directions

	Acknowledgment
	Introduction
	Background
	Model Implementations
	The Matching Theory
	The Probabilistic Heuristic Model (PHM)
	PSYCOP
	Mental Models
	mReasoner

	The Evaluation of the Cognitive Models
	Results and General Discussion
	Acknowledgments
	References
	Introduction
	Bayesian Model of Causal Inference
	Model Predictions and Discussion

	Experiment 1: Adult Hypothesis Revision
	Methods
	Results and Discussion

	Experiment 2: Children's Hypothesis Revision
	Methods
	Results and Discussion

	General Discussion
	Acknowledgements
	References
	Referential Communication Experiment
	Results

	Analyzing the content of pacts
	Where do pacts come from?
	How do pacts differ across ages?

	Discussion
	Acknowledgements
	References
	Abstract
	Introduction
	Experiment 1
	Methods
	Results
	Discussion

	Experiment 2
	Methods
	Results
	Discussion

	General Discussion
	References
	Introduction
	Normative Framework
	Experiment
	Results
	Discussion and Further Work
	Acknowledgments
	Introduction
	Method
	Stimuli
	Processing
	Artificial Neural Networks
	Training methodology
	Analyses

	Results
	Discussion
	Future works

	Conclusion
	Acknowledgments
	References
	Introduction
	Goal-based Agents in Variable Games
	Simulation
	Variable Prisoner's Dilemma
	Symmetric Games
	All Games
	λ inferred by ToM(0)

	Discussion
	Acknowledgments
	References
	Ambiguity in Text Messages:  “I Hate You for Using Emojis Inconsistently With Your Text in WhatsApp ”
	*Ricky Van-yip Tso1,2 (rvytso@eduhk.hk)
	*Matt Wing-hang To1 (s1104798@s.eduhk.hk)
	1. Department of Psychology, The Education University of Hong Kong, HKSAR
	2. Psychological Assessment and Clinical Research Unit, The Education University of Hong Kong, HKSAR
	*Co-first authors
	Abstract
	Introduction
	The Present Study

	Methodology
	Participants
	Materials
	Procedures

	Result
	Response Time
	Valence Perception of Text Messages

	Discussion and Conclusion
	Incongruency with Negative Emoji Promotes Higher Probability of Negative Inference
	Ambiguous/ Neutral Emojis

	References
	Examining a developmental pathway of early word learning: From qualitative characteristics of parent speech, to sustained attention, to vocabulary size
	Ryan E. Peters (ryerpete@iu.edu)
	Chen Yu (chenyu@indiana.edu)
	Abstract
	Introduction
	Methods
	Data collection and gaze coding
	Speech coding
	Analyses

	Results
	Descriptive statistics
	Relations between quality of speech and concurrent vocabulary size percentile
	Effects of quality of speech on sustained attention

	Discussion
	Conclusion
	Acknowledgements
	References
	Introduction
	Methods for Probing Sustained Attention
	TrackIt
	Current Study

	Methods
	Data
	Measures of Performance

	Results
	Discussion
	Limitations and Future Directions

	References
	Introduction
	Experiment 1: Linked vs. Unlinked MCMCP
	Participants
	Materials
	Procedure
	Results
	Posterior Distributions

	Discussion
	Experiment 2: Subjective Fruit Ratings
	Participants
	Materials
	Procedure
	Results
	Discussion

	Conclusion
	Acknowledgements

	References
	Introduction
	Experiment 1
	Methods
	Results and discussion

	Experiment 2
	Methods
	Results and discussion

	General Discussion
	4- and 5-Year-Olds’ Comprehension of Functional Metaphors
	Rebecca Zhu (rebeccazhu@berkeley.edu)
	Mariel K. Goddu (goddu@berkeley.edu)
	Alison Gopnik (gopnik@berkeley.edu)
	Department of Psychology, University of California, Berkeley
	Berkeley, CA 94720 USA
	Abstract
	Lexicalization of quantificational forces in adverbial and determiner domains
	Johanna Alstott (jalstott@college.harvard.edu)
	Harvard College, 28 DeWolfe St. (Mailbox 10)
	Cambridge, MA 02138 USA
	Masoud Jasbi (masoud_jasbi@fas.harvard.edu)
	Department of Linguistics, Harvard University, Boylston Hall (3rd floor)
	Cambridge, MA 02138 USA
	Abstract
	Introduction
	Hypotheses for English

	Methods
	Participants
	Words tested
	Materials

	Results
	Analysis
	Discussion
	Acknowledgements
	References
	Cumulative prospect theory
	Model formulation

	Parameter estimation
	Structural asymmetries in parameter estimation

	Stimulus selection
	One-parameter model
	Visualizing the recoverability of a parameter value
	Effect of adjusting the experiment

	Two-parameter model
	Discussion
	References
	Requisite Variety, Cognition, and Scientific Change
	Anonymous CogSci submission
	Abstract
	Cognizing Scientific Change
	Requisite Variety
	Formalizing Scientific Change
	Conclusion
	References
	Active Vision in the Perception of Actions: An Eye Tracking Study in Naturalistic Contexts
	Ryan E. Peters (ryerpete@iu.edu)
	Dian Zhi (dianzhi@iu.edu)
	Matthew Petersen (matthew208@gmail.com)
	Chen Yu (chenyu@indiana.edu)
	Abstract
	Introduction
	Methods
	Experimental setup
	Data collection
	Gaze, subtask and object subtask-relevance coding
	Analyses

	Results
	Descriptions of the two subtasks performed by actors during making PBJ
	Overall gaze patterns from infant and adult observers
	The Distribution of attention in infant and adult observers
	Coordinated attention between infant observers and adult actors

	Discussion
	Acknowledgements
	References
	Introduction
	Background
	Methods
	Results
	Discussion
	Conclusion
	Acknowledgements
	Monolingual and Bilingual Toddlers’ Reliance on the Mutual Exclusivity Principle and Statistics to Learn Colour Labels
	Priscilla Fung (priscilla.fung@mail.utoronto.ca)
	Department of Psychology, University of Toronto
	Mississauga, ON L5L 1C6, Canada
	Elizabeth K. Johnson (elizabeth.johnson@utoronto.ca)
	Department of Psychology, University of Toronto
	Mississauga, ON L5L 1C6, Canada
	Abstract
	Experiment 1
	Method
	Stimuli and Design The experiment was divided into two blocks. One block presented objects with atypical colours (the Animate Block); the other block presented objects with possible colours (the Inanimate Block). Note that although some animate object...
	In each test trial, two images were presented side-by-side on a white background along with an audio labelling the colour (e.g., “Look, wug! Can you see it?”). The side which the object was on was counterbalanced across children. Each word was test...

	Results and Discussion
	Experiment 2
	Preliminary Results and Discussion
	General Discussion

	References
	Introduction
	Related Work
	Omniglot Case Study
	Neuro-Symbolic Model
	Alternative Models
	Experiments
	Evaluation on Held-Out Concepts
	Generating New Concepts

	Conclusion
	Acknowledgements

	Learners’ bias to balance production effort against message uncertainty is independent of their native language
	Lucy Hall Hartley (lucyhallhartley@email.arizona.edu)
	Masha Fedzechkina (mfedzech@email.arizona.edu)
	Abstract
	Introduction
	Methods
	Participants
	Miniature input languages
	Procedure
	Noun Exposure The experiment started with noun exposure: Participants were shown pictures of each of the six characters paired with the corresponding name in the novel language (12 trials, two for each noun). Noun comprehension followed noun exposure.
	Noun Comprehension In this block, participants were presented with four pictures of characters and heard a name of a character in the novel language. They were instructed to click on the correct character. Participants received feedback indicating whe...
	Noun Production Participants were presented with a picture of a character and asked to type its name into a textbox below the picture. They then received feedback on the correct name for the character (six trials, one for each noun).
	Sentence Comprehension Participants were provided with a sentence in the novel language and asked to match it to one of the two videos shown on the screen. The videos differed in which character was the subject and which was the object of the same act...
	Sentence Production Participants were shown previously unseen videos and asked to type a sentence in the miniature language that described what was happening in the video. Participants were provided with a verb prompt to facilitate production. No feed...


	Results
	Scoring
	Learning Accuracy
	Constituent Order Use in Production
	Case Marker Use in Production

	Discussion
	Acknowledgements
	References
	Introduction
	Analyses
	Data
	Cues to Conceptual Hierarchy and their Feature Vectors
	Task and Evaluation

	Results and Discussion
	Individual Cue Results
	Cross-cue Results

	General Discussion
	References
	The spatial arrangement method of measuring similarity can capture high-dimensional, semantic structures
	Russell Richie (drrichie@sas.upenn.edu)1
	Bryan White (bryanw@nmsu.edu)2
	Sudeep Bhatia (bhatiasu@sas.upenn.edu)1
	Michael C. Hout (mhout@nmsu.edu )2
	1 Department of Psychology, University of Pennsylvania, Philadelphia, PA 19104
	2 Psychology Department, New Mexico State University, Las Cruces, NM 88003
	Introduction
	Study 1
	Materials
	We collected similarity data for eight categories: furniture, clothing, birds, vegetables, sports, vehicles, fruit, and professions. Each category contained 20-30 words referring to category members. Where possible these items were selected to be as similar as possible to those in the Leuven Concept Database (De Deyne et al., 2008). These and other study materials can be found in our OSF respository at https://bit.ly/2tmIChy.
	SpAM


	Study 2
	General Discussion
	Acknowledgments
	References
	Introduction
	The Prisoner's Dilemma Game and Violations to the Sure Thing Principle
	QuLBIT: Quantum-Like Bayesian Inference Technologies
	Views on Rationality
	Quantum-Like Bayesian Networks
	Quantum-Like Influence Diagrams

	A Novel Explanatory Analysis in Quantum-Like Decision Models
	Conclusions
	Introduction
	The Computational Problem of Relational Generalization
	Theory-based Relational Generalization
	Analogy-based Relational Generalization
	Monte Carlo Inference

	Correspondence with Previous Theories of Analogy
	Simulating Relational Generalization
	Model Specification
	Synthetic Data
	Wikipedia Data
	Results

	Unifying Models of Relational Generalization
	Discussion
	Acknowledgments

	Audiovisual Information Processing in Emotion Recognition:
	An Eye Tracking Study
	Yueyuan Zheng (u3514160@connect.hku.hk)
	Department of Psychology, University of Hong Kong
	Pokfulam Road, Hong Kong
	Janet H. Hsiao (jhsiao@hku.hk)
	Department of Psychology and the State Key Laboratory of Brain and Cognitive Sciences, University of Hong Kong
	Pokfulam Road, Hong Kong
	Abstract
	Introduction
	Method
	Participants
	Materials and Apparatus
	Design
	Procedures
	In the two-back tasks (Lau et al., 2010), participants judged whether the presented English letter/symbol location in the current trial was the same as the one presented two trials before in the verbal/visuospatial task respectively. Each symbol was p...

	Eye Movement Data Analysis

	Results
	Discussion
	Acknowledgments
	References
	Introduction
	Experiment 1: Adults
	Methods
	Results and Discussion

	Experiment 2: 4- to 9-year-olds
	Methods
	Results

	General Discussion
	Acknowledgments
	When in Rome, do as Bayesians do:
	Statistical learning and parochial norms
	Abstract
	Introduction
	Experiment
	Participants
	Coding

	Results
	Computational analysis
	Discussion
	References
	Introduction
	Study 1A
	Participants
	Methods
	Results
	Conjunction Fallacy
	Correlations
	Exploratory Factor Analysis
	Discrete Conjunction Relationships

	Discussion
	Study 1B
	Participants
	Methods
	Results
	Conjunction Fallacy
	Correlations
	Combination with Study 1A
	Discrete Conjunction Relationships

	Study 2
	Participants
	Methods
	New Questions
	Results
	Conjunction Fallacy
	Correlations
	Discrete Conjunction Relationships
	Exploratory Factor Analysis
	Discussion
	Standout Items



	General Discussion












	Methods
	Participants
	Procedure

	Results
	Discussion
	Acknowledgements
	Introduction
	Computational Modeling
	Flatland
	Hierarchical Planning
	Attributing Goals, Relationships, and Strengths

	Methods
	Procedure
	Subjects
	Stimuli
	Results

	Discussion
	Acknowledgement
	Learning problem and normative inference
	Normative inference

	Experiment
	Methods
	Results

	Modelling heuristic inferences
	Feature-based inference
	Model fitting with human data

	General Discussion
	References
	Abstract
	Introduction
	Our testbed
	Existence of frequency-dependent regularization
	Overall construction frequency
	Preference extremity
	Results

	Accounting for frequency-dependent regularization
	Standard ILMs
	ILMs from morgan2016frequency
	Simulating corpus data
	Results

	Discussion
	New insights from daylong audio transcripts of children’s language environments
	Jessica L. Montag (jmontag@illinois.edu)
	Department of Psychology, 603 E Daniel Street
	Champaign, IL 61820
	Abstract
	Introduction
	Methods
	Audio Recordings
	Transcribing Procedure
	Analysis

	Results
	Total Words over Time
	Operationalization of Lexical Diversity
	Operationalization of Words over Time
	Item Analyses

	Discussion
	Acknowledgements
	References

	Comparing the effects of frontal and temporal neurostimulation on second language learning
	Kinsey Bice & Chantel S. Prat
	{klbice, csprat}@uw.edu
	Department of Psychology and
	Institute for Learning & Brain Sciences,
	University of Washington
	Abstract
	Introduction
	Transcranial Direct Current Stimulation
	Artificial Grammar Learning

	Methods
	Participants
	Artificial Grammar Learning
	atDCS Stimulation Procedures and Parameters
	Procedure

	Results
	Predictions
	Dependent Variables
	Group Comparisons
	Baseline and Demographics
	Training
	Test

	Discussion
	Acknowledgments
	References
	Quantitative Analyses of Gaze Duration from the viewpoints of Grounding Acts, Conversation Topic, and Linguistic Proficiency
	Ichiro Umata(ic-umata@kddi-research.jp)
	KDDI Research, Inc., Garden Air Tower, 3-10-10, Iidabashi, Chiyoda-ku, Tokyo, 102-8460, Japan
	Koki Ijuin(koki-ijuuin@aist.go.jp)
	The National Institute of Advanced Industrial Science and Technology, 2-3-26, Aomi, Koto-ku, Tokyo 135-0064, Japan
	Tsuneo Kato(tsukato@mail.doshisha.ac.jp) & Seiichi Yamamoto(seyamamo@mail.doshisha.ac.jp)
	Doshisha University, Department of Information Systems Design, Kyotanabe-shi, Kyoto, 610-0321, Japan
	Abstract
	Introduction
	Corpus
	Distributions of Major Grounding Acts
	Analyses: Gazes during Utterances
	Speakers’ Gaze
	Listeners’ Gaze

	Discussion
	Conclusion
	References
	The Relevance of Subjective Benefits in Risky Choice Across ten Domains of Life
	Jana B. Jarecki (jana.jarecki@unibas.ch, jj@janajarecki.com)
	Center for Economic Psychology, University of Basel, Missionsstrasse 62a, 4055 Basel, Switzerland
	Andreas Wilke (awilke@clarkson.edu)
	Evolutionary Behavioral Sciences, Clarkson University, Box 5825, 8 Clarkson Avenue,
	Potsdam, NY 13699 USA
	Abstract
	Introduction
	Materials and Methods
	Results
	Reliability of domain-specific risky choice
	Predictors of domain-specific risky choice
	Exploring the ecological rationality of beliefs and choice in domains

	The role of Prospect Theory in contextualized risky choice

	Discussion
	References
	Appendix
	Introduction
	Model
	Causal inference
	whether-causation
	how-causation
	sufficient-causation

	Model Semantics
	``Caused"

	Pragmatics

	Experiment
	Methods
	Materials
	Participants
	Procedure

	Analysis
	Alternative models

	Results & Discussion

	General Discussion
	Acknowledgments
	A Phylogenetic Perspective on
	Distributed Decision-Making Mechanisms
	Linus Ta-Lun Huang (linushuang@ucsd.edu)
	Department of Philosophy, University of California, San Diego
	La Jolla, CA 92093-0119, USA
	Institute of European and American Studies, Academia Sinica
	Taipei 11529, Taiwan
	William Bechtel (wbechtel@ucsd.edu)
	Department of Philosophy, University of California, San Diego
	La Jolla, CA 92093-0119, USA
	Abstract
	Introduction
	A Framework for Decision-Making
	Decision-Making Without Neurons
	Decision-Making Without a Central Brain
	Decision-Making in a Bilateral Invertebrate
	Decision-Making in Vertebrate Brains
	Implications for Studying Human Decisions
	Acknowledgment
	References
	Introduction
	Theoretical Background
	Syllogistic Reasoning and Personality
	Nonnegative Matrix Factorization (NMF)
	Joint Nonnegative Matrix Factorization (JNMF)

	Method
	Syllogistic Dataset
	Applying JNMF

	Results
	Connection to Cognitive Theories
	Validation of Pattern Predictions

	General Discussion
	Crazy for you! Understanding Utility in Joint Actions
	Arianna Curioni (CurioniA@ceu.edu)
	Department of Cognitive Science, Central European University.
	1051 Budapest (Hungary)
	Pavel Voinov
	Department of Cognitive Science, Central European University.
	1051 Budapest (Hungary)
	Matthias Allritz
	School of Psychology & Neuroscience, University of St Andrews, St. Andrews, Fife, KY16 9JU, UK
	Josep Call
	School of Psychology & Neuroscience, University of St Andrews, St. Andrews, Fife, KY16 9JU, UK
	Gunther Klaus Knoblich
	Department of Cognitive Science, Central European University.
	1051 Budapest (Hungary)
	Abstract
	Predicting others’ actions and inferring preferences from their choices is indispensable for successfully navigating social environments. Yet, the cognitive tools agents employ for prediction and decision may differ when involved in social interaction...
	Introduction
	Experiment 1
	Methods
	Participants. We recruited English-speaking participants who reported no history of neurological impairments or diagnoses, and normal or corrected-to-normal vision. We recruited 40 participants in total (15 F; Average age= 26.06 y +/- 4.47).
	Apparatus and Stimuli. The task was performed on an Iiyama 46” PROLITE TF4637MSC-B2AG touch-screen set (1600 × 900 pixels resolution). The screen area was vertically divided into two equal halves, corresponding to the two participants’ positions durin...
	In Alone trials boxes appeared only on the decision-maker’s side of the screen and could be cleared with a single tap of each item. In Together trials half of the boxes appeared on the decision-maker’s side and half of them appeared on the partner’s s...
	Data Analyses. The primary dependent variable was the proportion of Together choices, that is, the proportion of trials where individuals chose to perform a joint action. The proportion of Together choices was tested against 0.5 (chance level) by mean...
	Results

	Experiment 2
	Methods
	Participants. We recruited English-speaking participants who reported no history of neurological impairments or diagnoses, and normal or corrected-to-normal vision. We recruited 20 participants in total (8 F; Average age= 25.8 y +/- 5.17).
	Apparatus and Stimuli. Same apparatus and stimuli of Experiment 1.
	Procedure. Procedure was identical to Experiment 1, with the following differences. The single participant (decision-maker) chose between two buttons (‘1 hand’ and ‘2 hands’). In Uni-manual (1 hand) trials, boxes appeared only on one side of the scree...
	Data Analyses. Data analyses and trial exclusions were identical to Experiment 1 (exceeding +/- 3 SD ;1.5% of the total trial number).

	Results

	Experiment 3
	Methods
	Participants. We recruited English-speaking participants who reported no history of neurological impairments or diagnoses, and normal or corrected-to-normal vision. We recruited 40 participants in total (36 F; Average age= 23.13 y +/- 2.95).
	Apparatus and Stimuli. The experiment was conducted on a 43” Iiyama PROLITE TF4338MSC-B1AG touchscreen. Stimuli were identical to Experiments 1 and 2, except the boxes appeared in two sizes: big (7.3 × 7.3 cm) or small (2.2 × 2.2 cm). Synchrony thresh...
	Procedure. Procedure was identical to Experiment 1 except the following differences. Participants were given a target number of boxes to clear (1500) without a time limit. In reality, there was a fixed number of trials and the target number was beyond...
	Before proceeding to the experiment, participants were introduced to four practice trials, where they were familiarized with the procedure, different trial types, and variations in stimuli size and quantities.
	Data Analyses. Data analyses and trial exclusions were identical to Experiment 1 (exceeding +/- 3 SD; 2.6% of the total trial number). The repeated measures analysis of variance (rANOVA) on Trial Time had Task (Alone-Together), Number of Actions (6,12...

	Results

	Discussion
	References
	Introduction
	Theoretical Background
	mReasoner
	Probability Heuristics Model

	Method
	Fitting Cognitive Models
	Dataset

	Results
	Coverage Performance
	Parameter Usage
	Performance Congruency

	Discussion
	Background and goals
	Competing theoretical proposals
	Main ingredients of the DDM
	Link to theoretical proposals
	Methods
	Participants
	Design, materials & procedures
	Exclusion blackcriteriablack
	Regression analyses and modeling strategy

	Results
	Regression Analyses
	DDM analyses

	Discussion
	Acknowledgements
	References
	Causal claims and implied causal strengths
	Implications for studying causal structure induction
	Experiment 1
	Methods
	Participants
	Design, Materials, and Procedure

	Results and Discussion

	Experiment 2
	Methods
	Participants
	Design, Materials, and Procedure

	Results and Discussion

	General Discussion
	Experiment 1
	Methods
	Participants
	Design, Materials, and Procedure

	Results and Discussion

	Experiment 2
	Methods
	Participants
	Design, Materials, and Procedure

	Results and Discussion

	Experiment 3
	Methods
	Participants
	Design, Materials, and Procedure

	Results and Discussion

	General Discussion
	Can we match the variance across different visual features?
	Midori Tokita (tokita@mejiro.ac.jp)
	Faculty of Health Sciences, Mejiro University,
	Ukiya, Iwatsukiku, Saitama 339-8501, Japan
	Yi Yang (catherine.yiyang@hotmail.com)
	Graduate School of Humanities and Sciences, Ochanomizu University,
	Otsuka, Tokyo 112-8610 Japan
	Akira Ishiguchi (ishiguchi.akira@Ocha.ac.jp)
	Faculty of Core Research, Ochanomizu University,
	Otsuka, Tokyo 112-8610 Japan
	Abstract
	Introduction
	Experiment
	Methods
	Participants The subjects were 38 undergraduate students from Mejiro University (19 females, 19 males), all of which presented normal or corrected-to-normal visual acuity. They were randomly assigned to one of two adjustment tasks (i.e., the size-adju...
	Apparatus The experiment was conducted in a normally lit room. The stimuli were displayed on an iMac desktop monitor controlled by a Macintosh computer (Mac OS X). Stimuli presentation was controlled using Psychophysics Toolbox Version 3r (Brainard, 1...
	Design The two tasks (i.e., the size-adjustment and direction-adjustment tasks) were conducted in a between-subjects design. We used the between-subject design for the purpose of minimizing the practice effect. In each adjustment task, the target set ...
	To control the item set variance, a fixed variance generation method was used, in which the mean and SD of the samples randomly drawn from normal distribution was fixed to the expected value (Tokita & Ishiguchi, 2015; Yang et al., 2018). In the adjust...
	Procedure Each observer completed one 45-min session consisting of two blocks of variance discrimination task and two blocks of the adjustment task. First, the observer completed two types of variance discrimination, a size and a direction discriminat...
	Analysis In the variance discrimination task, the correct   rate corresponded to the performance measure. In the size adjustment task, the mean adjusted variance was calculated at each variance level.

	Results

	Discussion
	References

