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Abstract
Mental simulation theories of language comprehension propose that people automatically
create mental representations of real objects. Evidence from sentence-picture verification
tasks has shown that people mentally represent various visual properties such as shape, color,
and size. However, the evidence for mental simulations of object orientation is limited. We
report a study that investigates the match advantage of object orientation across speakers of
different languages. This multi-laboratory project aims to achieve two objectives. First, we
examine the replicability of the match advantage of object orientation across multiple
languages and laboratories. Second, we will use a mental rotation task to measure
participants’ mental imagery after the sentence-picture verification task. The relationship
between the participants’ performance of the two tasks will provide a cross-linguistic
examination of perceptual simulation processes. With the evaluation of individual mental
imagery ability and potential linguistic moderators, we expect a robust estimation of match
advantage of object orientation.
Keywords: mental simulation, object orientation, mental rotation, language
comprehension
Word count: 3931
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Investigating Object Orientation Effects Across 14 Languages
Introduction
Researchers have explored that how human mind represents objects through numerous
methods and investigated the underlying cognitive processes of mental simulation during
language comprehension. The sentence-picture verification task is a well-known method for
assessing the mental simulation of object’s physical features during sentence reading
(Connell, 2007; de Koning, Wassenburg, Bos, & Schoot, 2017; Stanfield & Zwaan, 2001;
Zwaan & Madden, 2005; Zwaan & Pecher, 2012; Zwaan, Stanfield, & Yaxley, 2002). The
task requires participants to read a probe sentence (e.g., He saw the eagle in the sky.) and
then verify if the target object in the picture was mentioned in the probe sentence. The
target object (e.g., eagle) is presented in one of the two ways: with a matching feature (e.g.,
flying eagle) or with a mismatching feature (e.g., standing eagle). The match advantage
refers to faster reaction time for verifying the target object. Because the match advantages
resulted from the implied perceptual features (e.g., shape, color, and orientation) of the
object while reading the sentence. These findings have been believed to serve as evidence for
how the mental representations of objects are formed and activated during language
processing (e.g., Barsalou, 1999, 2009).
Among the studied features, objects with matching shape (i.e., flying eagle versus
standing eagle) and color (i.e., chocolate ice cream versus vanilla ice cream) have been shown
to produce match advantages across many languages, including English (Zwaan & Madden,
2005; Zwaan & Pecher, 2012), Dutch (de Koning et al., 2017; Rommers, Meyer, & Huettig,
2013), German (Koster, Cadierno, & Chiarandini, 2018), Croatian (Šetić & Domijan, 2017),
and Chinese (Li & Shang, 2017). In contrast, match advantages of object orientation have
been found in English (Stanfield & Zwaan, 2001; Zwaan & Pecher, 2012) and German
(Koster et al., 2018), but was absent in the other languages, such as Dutch (de Koning et al.,
2017; Engelen, Bouwmeester, de Bruin, & Zwaan, 2011; Rommers et al., 2013). Several
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explanations have been proposed to explain these inconsistent findings, including the
different experimental procedures in the earlier mentioned studies. Unlike the original study
(Stanfield & Zwaan, 2001), the former studies did not require participants to recognize the
probe sentences they had read. Without this memory task during verification trials,
participants could pay less attention to the meaning of the probe sentence (Zwaan, 2014), in
which case they were less likely to form a mental representation of the objects (e.g., Zwaan &
van Oostendorp, 1993).
Extended Studies on Embodied Cognition
Among studies which focused on the conceptual representations of perception and
action, there is a shared assumption that linguistic cues activate sensory and motor
information processing outside the non-linguistic context (for a review, see Zwaan & Pecher,
2012; for a critique, see Mahon & Caramazza, 2008). A highly cited research topic related to
it is the action–sentence compatibility effect that is measured by the sensibility judgment
task (Glenberg & Kaschak, 2002). This sensibility judgment task requires participants to
verify the sensibility of sentences by pressing the response buttons toward or away from their
bodies. The sentences implied the direction of body movement (e.g., You gave the earring to
Susan; Joe sends the card to you). Participants made faster judgements of sentences that
implied the congruent direction. Since the first study of action–sentence compatibility effect
was published, researchers valiantly tested the related hypotheses and investigated similar
effects with other methods. For example, Beilock, Lyons, Mattarella-Micke, Nusbaum, and
Small (2008) found that specialised motor experience (via sport) enhances the mental
processing of sentences that are related to the specific sport practised.
As like the action-sentence compatibility effect, some researchers have suggested that
the match advantage of object orientation would associate with the activated motor
information (Connell, Lynott, & Dreyer, 2012; Ping, Goldin-Meadow, & Beilock, 2014). Ping
et al. (2014), for example, exposed individuals to the implied gesture video or to the blank
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screen between hearing the sentence and watching the object picture. They found that the
facilitation effect appeared only in the condition where participants heard a sentence and
watched the progressive action in the video and not in the condition where they heard a
sentence only. Although these findings provide initial support for the association between
mental representations of body movements and non-verbal communications (Alibali &
Nathan, 2012; Novack & Goldin-Meadow, 2015, 2017), the tasks across these studies
substantially differed. Without evaluating the true effect size of the match advantage, the
results of subsequent studies would not only add little to the overall understanding of how
body movements are mentally represented but also will not explain the inconsistency in the
orientation effects across the studies.
Therefore, it is necessary to precisely estimate the true effect size in the original
paradigm, before commencing with the theoretical and empirical probing for the orientation
effect. Because single laboratory studies (de Koning et al., 2017; Rommers et al., 2013;
Zwaan & Pecher, 2012) hardly address the possible causes of inconsistent findings, it is
imperative to collect data across multiple languages and laboratories as many as
possible.This project accumulates materials translated into many languages by the labs
recruited from a distributed laboratory network (Moshontz et al., 2018), using the materials
and procedure created by Stanfield and Zwaan (2001).
Progressing Investigations on Match Advantage
The match advantage of object orientation has been investigated to date using objects
with particular characteristics. As in the example illustrated in Figure 1, a picture of a
“horizontal nail” matched the sentence “Tom hammered the nail into the wall” and a picture
of a “vertical nail” matched the sentence “Tom hammered the nail into the floor.” With this
manipulation, the response data from two object orientations can be labeled the “matching
pairs” and “mismatching pairs,” respectively. Specifically, all the materials of Stanfield and
Zwaan (2001) were manipulable objects, such as nails, and pens, and scissors. This choice
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restricted the object orientations to horizontal and vertical.

Figure 1 . Example of matching (solid lines) and mismatching (dashed lines) sentence-picture
pairs.

Stanfield and Zwaan (2001) ensured that the participants sufficiently understood the
probe sentences and showed significant match advantages of object orientation. However, it
is still unknown whether the match advantage associated with the general cognitive ability.
Some further studies of mental simulation have suggested the relationship of mental rotation
and spatial cognition (Chu & Kita, 2008; Pouw, de Nooijer, van Gog, Zwaan, & Paas, 2014).
Chen et al. (2018b) investigated the relationship between the match advantage and mental
rotation across three languages: English, Dutch, and Chinese. They introduced the
picture-picture verification task to examine that how individuals process the target pictures
with the same mental image, regardless of their native language. This picture-picture
verification task was a modified form of the mental rotation paradigm (Cohen & Kubovy,
1993). In each trial of this task, two pictures appeared on opposite sides of the screen.
Participants verify whether the pictures represent identical or different objects. The
verification times for pictures of identical objects presented in the same orientation (that is,
two identical pictures presented in horizontal orientation or vertical orientation) were shorter
than those presented in different orientations (one horizontal; one vertical).
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To evaluate the relationship between match advantage and mental rotation, Chen et al.
(2018b) employed larger (e.g., anchor, gate arms) and smaller (e.g., pen, nail) objects.
According to the findings about the relationship of mental rotation and spatial cognition
(Chu & Kita, 2008; Pouw et al., 2014), the authors assumed that response times would be
longer for larger objects in both the sentence-picture verification task and picture-picture
verification task. The results of the two tasks showed that large objects presented in different
orientations take longer time to verify than small objects (Chen et al., 2018b). However, the
meta-analysis of Chen et al. (2018b) indicated variation in match advantages across different
languages but a consistent effect of mental rotation across different languages. Their study
left two primary questions to be answered through this project: (1) “How much of the match
advantage of object orientation can be obtained within different languages?” and (2) “What
is the correlation between the mental rotation of objects and the match advantage across
different languages?”
Methods
Hypotheses and Design
Both the sentence-picture verification task and the picture-picture verification task
have two independent variables- a shared between-participant independent variable and a
task-specific within-participant independent variable. The shared variable is the primary
languages of the participating laboratories. The task-specific variable in sentence-picture
verification is whether or not sentence and picture have matching object orientations; the
variable in picture-picture verification is whether picture and picture have identical object
orientations. The dependent variable for both tasks is the response time the participant
verify the target object.
In the sentence-picture verification task, we expect response time to be shorter when
object orientations are matching than when mismatching. We expect to see the match
advantage within each language but we make no hypotheses about the specific effect sizes in
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each language. In the picture-picture verification task, we expect shorter response time when
the two pictures have identical orientations than different orientations. In addition, we
compute an imagery score by taking the elapsed verification time between the orientation
settings of critical object pictures (identical, different). If the mental rotation were the
general cognitive aspect, we expect imagery scores to be the same across laboratories and
languages. If the mental simulation shared the cognitive processing of mental rotation, the
imagery scores could be the predictor as critical as the languages.
General Procedure
Participating laboratories will conduct both the sentence-picture verification task and
the picture-picture verification task, taking 10 to 15 minutes in total (see Figure 2 for an
outline of the general procedure). The sentence-picture verification task will start before or
after the survey of Phills and Kekecs (n.d.). In the beginning of the sentence-picture
verification task, participants will be instructed with an example. Each trial starts with a
left-justified and horizontally centered fixation displayed point for 1000ms, immediately
followed by the probe sentence. The sentence is presented until the participant presses the
space key, thus acknowledging that they understood the sentence. Then the object picture is
presented in the center of the screen until the participant responds. If no response is made,
the object picture disappears from the screen after 2 seconds. Participants are instructed to
verify the object picture mentioned in the probe sentence as quickly and accurately as they
can. Following the original study (Stanfield & Zwaan, 2001), a test to recognize the presented
probe sentence will be conducted after every three to eight trials of sentence-picture
verification. This is to make sure that the participants have read each sentence carefully.
The picture-picture verification task will use the same object pictures. The procedure
is like the sentence-picture verification task, with one exception. In each trial, two pictures of
objects will appear beside the central fixation point until either the participant indicates that
the pictures display the same object or two different objects, or the time dedicated for the
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trial (2 seconds) has elapsed. Two pictures showing the same critical object will appear in
each “yes” trial; two pictures showing two different objects from the filler items will appear
in each “no” trial. All the procedures are compiled in OpenSesame scripts (Mathôt, Schreij,
& Theeuwes, 2011). The instructions and experimental scripts are available in the project’s
repository (Chen et al., 2018a).

Figure 2 . Procedures of stimuli presentation and response. (a) Sentence-picture verification
task; (b) Picture-picture verification task.

Participant Characteristics
This study will be conducted within the Psychological Science Accelerator (PSA,
Moshontz et al., 2018), a network of globally distributed psychological science laboratories.
Every laboratory registered for this project will conduct this study using the protocol
described in the general procedure. Upon registration, every participating laboratory will
indicate the primary language for data collection and the participants in the study will be
asked to specify their first language. If many of the participants within a given laboratory
are familiar with more than two languages, the laboratories may collect additional data to
perform secondary analyses based on their specific hypothesis. To maximize the diversity of
languages, this study encourages the participation of laboratories from non-English speaking
countries. According to the submission policy, the principal investigator (Sau-Chin Chen)
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has secured approval of this study by the Research Ethics Committee, National Taiwan
University (NTU-REC No.: 201805ES025) before the submission. Before data collection,
participating laboratories are required to obtain the approval from their local/institutional
ethics review board or committee.
Power Analysis and Sampling plan
Because this project used the materials of the replication study (Zwaan & Pecher,
2012), we used two approaches of power analysis based on the archived data. Our first
approach estimated the minimum sample size in terms of the average effect size of the match
advantage. The Cohen’s d of Zwaan and Pecher (2012) was 0.10, which was smaller than the
original study, 0.13 (Stanfield & Zwaan, 2001). To reach the effect size 0.1 and 0.2 at a
statistical power of 80% for a one-tailed test, the required sample size estimated by G*Power
(Faul, Erdfelder, Buchner, & Lang, 2009) are 620 and 156 participants, respectively. In use of
Bayesian meta-analysis (Morey, Rouder, Love, & Marwick, 2015), the effect size of 0.1 is
equal to BF10 = 21. Because BF > 10 has been suggested as strong evidence and many
laboratories will conduct this study at their first time, we recommend that each laboratory
uses the uninformative prior (δ = 0.707, see Morey & Rouder, 2011; Rouder, Speckman, Sun,
Morey, & Iverson, 2009) to evaluate the evidence value during data collection.
Our second approach considered the match advantage as the fixed effect, and
participants and items as the random effects in a mixed-effect model (Brysbaert & Stevens,
2018). At present, this approach could be implemented via the PANGEA website (Westfall,
2016) and simr package (Green & MacLeod, 2016). We generated the mixed-effect model for
the above applications based on the raw data of 165 participants shared by Zwaan and
Pecher (2012). The power estimated by PANGEA and simr were 0.13 and 0.29. Table 1
summarizes the estimated power as function of numbers of participants and items; Appendix
3 presents the details of the mixed-effect model. It shows that we have to increase both the
number of the participants and the number of stimuli in the following study to reach an
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effect size equal to Zwaan and Pecher (2012).
Table 1
Achieved power estimated by PANGEA and simr.
Estimated Power
Number of Participants

Number of Items

PANGEA

simr

24

0.136

0.326

48

0.208

0.525

100

0.311

0.736

24

0.151

0.412

48

0.247

0.647

100

0.401

0.901

24

0.161

0.469

48

0.274

0.748

100

0.471

0.943

24

0.165

0.480

48

0.285

0.779

100

0.500

0.965

200

400

800

1200

Note. The settings of PANGEA is available at https://osf.io/mxnrb/

In consideration of the feasibility of this project among the laboratories, each
participating laboratory will set up the sampling plan in line with the first approach. The
participating laboratories will at first decide the minimal number of participants to be tested
(between 100 and 160) in consideration of the available resources. Each laboratory will stop
data collection when the number of participants has reached the pre-registered sample size.
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In addition, the principal investigator will implement the Bayesian sequential analysis
(Schönbrodt, Wagenmakers, Zehetleitner, & Perugini, 2017). Each laboratory could stop the
data collection once the results reach the Bayes Factor beyond 10, even if the sample size has
not reached the pre-registered number. For power analysis using the mixed-effect model, we
strongly recommend that the data will be collected in at least eight different languages.
There are 24 critical items in the material set of a language. Therefore the total number of
items of 8 languages would be 196. The mixed-effect model in the inter-lab analysis will
evaluate the effect size of the orientation effect when the languages are treated as a random
effect.

Data Collection Plan

This project follows the protocols of multi-lab registered replication reports (e.g.,
Cheung et al., 2016; Hagger et al., 2016) and the workflow of Psychological Science
Accelerator (see Moshontz et al., 2018, Figure 2). Until the submission of this proposal,
there have been 40 participating laboratories from 14 languages (See registered laboratories
and expected sample size in Figure 3 and Table 2). Each registered laboratory will upload
their publicly accessible pre-registered plan on the OSF (see the form in Appendix 1). The
principal investigators and the network committees will use the plans to guide the
preparation of both stimuli and scripts.

Every participating laboratory has to pre-register the data collection plan and obtain
the approval of the local research ethics board before the data collection. The project’s OSF
repository (Chen et al., 2018a) provided the standard instruction, according to outputs
obtained from the pilot study (see Appendix 2), for the preparation of the experimental
scripts and the coding scheme of filenames. The anonymized data of each participant will be
managed by the laboratory members on the OSF repository.
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Table 2
Summary of registered participating laboratories in the function of primary
languages and sample size.
Language

Number of Laboratories

Registered Sample Size

English

23

1930

German

3

400

Greek

1

100

Hindi

1

200

Hungarian

1

200

Italian

1

50

Norwegian

1

100

Polish

1

100

Serbian

1

150

Slovak

2

300

Spanish

2

100

Thai

1

50

Traditional Chinese

1

100

Turkish

1

100

Note. Recruitment of the participating laboratories is going on while we
submitted this proposal. Last updated: 2018/11/02
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Figure 3 . Distribution of registered laboratories and languages to be investigated.

Material

Zwaan and Pecher (2012) have shared the 24 critical object pictures, 48 filler pictures
and the corresponding probe sentences in their OSF repository ( https://osf.io/2dtrh/). The
assignment of stimuli in each laboratory study followed the method of Zwaan and Pecher
(2012). The original pictures came in two formats, hand drawings and camera photos.
During the pilot study (see Appendix 2), colleagues from the collaborating laboratories
suggested the unified format. There were four photographed objects presented in the original
collection: caterpillar, fire extinguisher, flashlight, and tire. The photos of these objects were
replaced by hand drawings before this submission. All the pictures are accessible in the
project’s OSF repository (Chen et al., 2018a).
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Object pictures justification. We expect that at least two laboratories will
contribute to the data collection in each language to be included in the main study. Along
with the recommended 8 different languages, that amounts to at least 16 laboratories. For
non-English languages, the participant laboratories will invite at least 10 volunteers to rate
the object familiarity based on their native language knowledge. Every volunteer will rate
the familiarity of 24 object pictures on a 7-point scale (1: not familiar - 7: very familiar). If
a rater gives an object picture a familiarity score lower than 5, we will recommend they
propose an object to replace the original one (Zwaan & Pecher, 2012). This object
familiarity rating was conducted using formr survey platform (Arslan & Tata, 2018). So far
the data are collected in six languages. The link to the survey, the survey scripts, and data
summary are accessible in our project’s OSF repository (Chen et al., 2018a).

Translation workflow. The translated materials for the participants of a particular
language are conducted by at least four translators who are fluent in English and the local
language. Every language coordinator must supervise the translators using the Psychological
Science Accelerator guidelines (https://psysciacc.org/translation-process/). In addition, the
coordinator and participating laboratories could make a decision at two optional parts. (1)
According to the results of the object familiarity rating, the translators could isolate the
items that are unfamiliar for a particular language. In this case, the translators who
conducted the forward translation would suggest the probe sentences and object pictures to
replace the isolated objects. The translators who conducted the backward translation would
evaluate the suggested items. (2) Some objects in a particular language have different
spellings or pronunciations among countries and geographical zones. For example, Americans
say tire; British say tyre. Every coordinator would mark these objects in the final version of
translated materials. Participating laboratories could replace the names in consideration of
the local culture. In case of any replacement made then the laboratory plan has to be register.
All the translated stimuli will be shared in the project’s OSF repository (Chen et al., 2018a).
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Analysis Plan
Intra-lab analysis during data collection
The intra-lab analysis will be used to assess the progress of data collection. According
to the power analysis mentioned earlier, the Bayes Factor shows the moderate evidence value
of the orientation effect (BF10 = 21). Therefore, every participating laboratory could stop
the data collection at the BF10 of match advantage beyond 10. For each dataset from a
participating laboratory, the median reaction times will be summarized in terms of the
sentence-picture matching. Each laboratory, following the step-by-step instructions available
at the project’s OSF repository (Chen et al., 2018a), will upload the raw data to the OSF
repository before data processing. At first we will excluded participants who made more
than 30% of incorrect responses in the sentence-picture verification. Then we will conduct a
Bayesian paired t-test on the participants’ median response times across
matching/mismatching object orientations for each laboratory. Along with the practices of
Bayesian sequential analysis (Schönbrodt et al., 2017), a participating laboratory will collect
the data until the preregistered sample size or the latest match advantage reaches the
recommended Bayes Factor. Every laboratory has the flexibility to decide in which sample
size they have to run the Bayesian sequential analysis. The statement of sequential analysis
has to be made in the preregistered plan (see Appendix 1).
Inter-lab analysis after data collection
All the data included in the intra-lab analysis will enter the inter-lab analysis. Because
the analytical unit is the participants’ single response, we will at first use the shrinkage
estimation method (see Baayen, 2008, sec. 7.3) to identify the outliers. In the data set of a
laboratory, response times of matching and mismatching trials will construct the respective
mixed-effect models in the function of the trial sequence. Each model includes the
laboratory’s slope (grand mean) and generates the participant’s slope (by-participant means)
respectively. If some participants’ slopes are more or less 1 SD than their laboratory’s slope,
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their response data will be excluded from the inter-lab analysis.

Figure 4 . Forest plot of three pilot studies (see Appendix 2).

The data of sentence-picture verification across laboratories and languages will be
analyzed using the meta-analytic techniques and mixed-effect model. Each analysis method
will evaluate the match advantage in terms of the respective hypothesis. The meta-analysis
will analyze the data obtained from the participating laboratories of a particular language.
We will compute the fixed effect of each laboratory and estimate the overall effect size of
match advantages. Using the results of pilot studies, we demonstrated a meta analysis to
confirm the hypothesis of mental simulation (see Figure 4). The overall effect size could be
far from zero if each particular language has the true effect of match advantage. In the
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mixed-effect model, we treat the laboratory and language as random effects and the match
advantage of object orientations as a fixed effect. The random effect components will be
decided by the suggested diagnostic tools (Barr, Levy, Scheepers, & Tily, 2013; Bates, Kliegl,
Vasishth, & Baayen, 2015). When data is collected from more than eight languages, this
mixed-effect model would show the robust estimation of orientation effect across the
languages.
There are two analysis steps on the imagery scores to verify the hypotheses of mental
rotation. The first step compares the imagery scores among the languages and the
laboratories with the analysis of variance. The results will indicate the generalizability of
mental rotation among languages. In the second step, the imagery scores and languages will
be the predictor in the regression model that uses the match advantage as the dependent
variable. This regression model will be the prediction model for the match advantage of
object orientation in future studies.
Discussion
This project will achieve two goals after completion of the analysis of collected data.
At first we will have the latest positive or negative evidence about the orientation effects
being a general cognitive aspect among languages. A match advantage would support the
embodied cognition studies that used the sentence-picture verification task as the paradigm
in any particular language. On the other hand, a match disadvantage would serve as a
warning for researchers who are planning to modify the sentence-picture verification for their
studies. Our other contribution is to provide a platform to accumulate new data from the
laboratories that will strictly follow this protocol to collect and analyze the data. With the
continuous accumulation from more languages and laboratories, the mega empirical research
framework, such as LeBel, McCarthy, Earp, Elson, and Vanpaemel (2018), will provide the
robust information for who plan to measure the orientation effect in the circumstance unlike
the original study.
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