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THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES

» classifying spatial frames of reference

Cf. Bohnemeyer & O'Meara 2011; Carlso
Radvansky & Irwin 1993; Danziger 2011;
Friederici & Levelt 1990; Gallistel 1990; L
1984, 1996; Levinson 1996, 2003; Terrill ¢
Burenhult 2008; inter alia

4 MR T K, > St
P 1 v . gy e 8.5
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Figure 1. Reference frames and anchors

Table 1. Exemplifying frame types in Figure 1

Frame type Anchor Description of Figure 1
Egocentric Observer The ball is left of the chair
Geocentric Environmental gradient The ball is east of the chair
Object-centered intrinsic Reference entity (ground) The ball is in front of the chair




THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

» cross-population variation in frame use for small-scale space

Frame types ' - Predominantly egocentric
- Predominantly geocentric

- Other/Mixed
English (10)
English (3)
. O @ _Dutch(1)
Serjii7 jppu@tomi(z) Nepali (4 Japanese (5, 10)
. Spanish (9)’ - . Belhare(1) .
Cora (7) @ Totonac (1) ' Tamil (1, 6] Hindi (4) Taiwanese Mandarin (10)
Purepecha(7) . gl 10)\ ) ke (5). ‘" e Taiwanese Southern Min
Mier :\w Tiriyd ° Jahai (6) 'Vietnafqgge(y Kilivila (1, 5)
. Mopan(1, 7) (Cariban, 5)  Hai//om(1) fallfasa (2). v Yéli Dnye(5)
Longgu(1)
Isthmus Zapotec (7, 10)S u-Mayangna (8 Warrwa (5)
Kgalagadi (1) o Lavukaleve(6)
Arrernte (1,5 ; mecic
Tseltal (1,8, 5, 7, 8, 10) Jaminjung (5) Guugu Yimithirr (3)

Sources: 1 — Pederson et al. 1998; 2 — Wassmann & Dasen 1998; 3 — Levinson 2003;
4 — Mishra, Dasen, & Niraula 2003; 5 — Levinson & Wilkins eds. 2006; 6 — Terrill & Burenhult 2008;
7 — 0" Meara & Pérez Baez eds. 2011; 8 — Li et al. 2011; 9 — Eggleston 2012; 10 — MesoSpace Resarch

Figure 2. Reference frame use in small-scale horizontal space across speech
communities



THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

» how to account for this variation - existing proposals

Table 2. Evidence from prior studies for factors influencing frame use

Variable Previously attested in

Age Eggleston et al (2011); Polian & Bohnemeyer (2011)

First language (L1) Bohnemeyer et al (2014, 2015); Donelson (2018); Eggleston
(2012); Haun et al (2011); Levinson (1996, 2003); Lin (2017);
Majid et al (2004); Pederson et al (1998); Wassmann & Dasen
(1998)

Formal education Lin (2017); Mishra et al (2003)

Gender Ameka & Essegbey (2006); Bohnemeyer (2011); Bohnemeyer &
Stolz (2006); Le Guen (2011)

Literacy Danziger & Pederson (1998)

Occupation Majid et al (2004); Shapero (2016)

Second language (L2) Bohnemeyer et al (2015); Lin (2017)

Topography Lin (2017); Moore (2018); Palmer (2015); Palmer et al (2017);
Polian & Bohnemeyer (2011); Wassmann & Dasen (1998)

Urbanization and Mishra et al (2003); Pederson et al (1998)

population density




THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

> the problem: these factors are massively confounded
» different languages are spoken in different places

» with different topographies
and population geographies

> by populations differing in average levels
of literacy and education

> etc.



THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

> the method for unconfounding
» multi-population studies
> regression analyses on the results

> predicting frame type use as dependent variable
against the proposed factors as independent variables



THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

» this presentation: two such studies
» Study 1: frame use in recall memory

» Study 2: frame use in discourse

> the study populations

S - English (Germanic)

L2: various Indo-European . {
K. Donelson; E. Hori; X. Jiang; .I./{\. -~ % Japanese (isolate);
‘ Jodar Sanchez; X. Luo; R. Moore; J. LZ?English ¢
pebne \ ). Olstad
Yucatec Maya - ‘
L2: Spanish Vietnamese (Mon-Khmer); /
J. Bohnemeyer \ mostly monolingual.
Isthmusépotec £ J. Lovegren Mandarin (Sino-Tibetan)
et
L2: Spanish. Taiwanese Southern Min
R. Moore, G. Pérez Baez (Sino-Tibetan)
L2: Mandarin
Y.-T. Lin

Figure 3. Study populations



THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

> this presentation: two such studies (cont.)

Table 3. Geographic variables

} t h e fl e | d S Ites Participants  |[Locality Country Density Density|Topographic
by L1 (population/km’)|Log  [Classification
Scale
English Buffalo United States 2569 3.41|Flat
Isthmus La Ventosa Mexico 3126 35
Zapotec
Japanese Setagaya Japan 15551 4.19|Flat
(Honshu)
Naha Japan 8244 3.92[Hills
(Okinawa)
Yomitan Japan 1200 3.08|Hills
(Okinawa)
Fujinomiya Japan 339 2.53[Low Mountains
(Honshu)
Alzuwakamatsu Japan 321 2.51|Low Mountains
(Honshu)
Nago Japan 293|  2.47|Low Mountains
(Okinawa)
Miyakojima Japan 268 2.43|Hills
(Okinawa)
Shiso Japan 49| 1.81|Low Mountains
(Honshu)
Y onaguni Japan 58| 1.76|Hills
(Okinawa)
Mandarin Taipei Taiwan 9949 4. 00|Flat
Chinese Taichung 1250 3.10{Hills
Tainan 855 2.93|Flat
Taiwanese Taipei Taiwan 9949  4.00|Flat
Southern Min  [Keelung 2802 3.45[Hills
Taichung 1250] 3.10|Hills
Tainan 855 2.93[Flat

Vietnamese Loni Mi Vietnam 406]  2.61|Flat



THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

> this presentation: two such studies (cont.)

» the demographics

Table 4. Demographic variables

Participants Mean age Mean frequency Mean highest level |Mean combined
by L1 (SD) of L2 use (SD) of formal education |reading/writing
1=<30; 0 = never (SD) frequency (SD)
0==>=30 1 = sometimes 0 — no more than 3 =regularly;
2 = often primary; 2 = occasionally;
1 - any amount of 1 =rarely;
secondary; 0=Idon’t
2 - any amount of
post-secondary
English 0.87(0.34) 0.92(0.86) 1.82(0.38) 2.80(0.52)
Isthmus 0.31(0.46) 1.54(0.63) 0.73(0.78) 1.74(1.01)
Zapotec
Japanese 0.56(0.50) 1.28(0.53) 1.85(0.36) 2.79(0.50)
Mandarin 0.91(0.29) 0.00(0.00) 1.97(0.16) 2.99(0.12)
Chinese
Taiwanese 0.10(0.31) 0.83(0.90) 0.70(0.80) 1.64(1.29)
Southern Min
Vietnamese 0.63(0.48 0.01(0.10 0.93(0.45 2.29(0.93

10
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STUDY |: REFERENCE FRAME USE IN RECALL MEMORY

» design: array reconstruction under rotation

I1. Rotation

3O «@e

[DO& || SIS

Figure 4. Design: New Animals array reconstruction task




STUDY |I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.)

» participants after exclusions
Table 4. Study | participants after exclusions

Speech Linguistic Country Researcher N Totals
community area where participants
tested tested
Male Female

English N/A U.S. K. T. 5 10 15

Donelson:; J.

A. Jodar

Sanchez:; R.

E. Moore: J.

Seong
Japanese N/A Japan J. Olstad 32 15 47
Isthmus Mesoamerican Mexico G. Pérez 7 9 16
Zapotec Béez: R. E.

Moore
Mandarin  Southeast Taiwan H.-C. Hsiao: 9 17 26
Chinese Asian Y.-T. Lin
Taiwanese Southeast Taiwan Y.-T.Lin 21 32 53
Southern Asian
Min
Vietnamese Southeast Vietnam J. Lovegren 2 15 17

Asian

Yucatec Mesoamerican Mexico . 2 7 9
Maya Bohnemeyer
Totals 78 105 183




STUDY I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.)

14

» modeling the data
» binary logistic mixed-effects regression models
» using the Ime4 package in R (Bates et al 2015)

» dependent variable: probability of egocentric
reconstruction of facing direction in a given trial



STUDY I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.)

15

» modeling the data (cont.)

» fixed factors

> participant variables

>

age (2-point scale)

formal education level (3-point scale)
frequency of L2 use (3-point scale)
gender

max. reading/writing frequency (4-point scale)



STUDY I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.)

16

» modeling the data (cont.)
» fixed factors (cont.)
> field site variables
» population density (census data)

> topographic profile (ESRI)



STUDY I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.) 17

» modeling the data (cont.)
» fixed factors (cont.)
> population variables
> linguistic area
» English (N =15)
» Japanese (N =47)
» Mesoamerican (Yucatec, Zapotec; N = 25)

» SEA (Mandarin, Taiwanese Southern Min, Vietnamese;
N = 96)

» models with an individual-language variable
failed to converge



STUDY I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.) 8

» modeling the data (cont.)
» nested random factors
> participant; trial

» exhaustive model comparisons to address the overfitting
problem due to sparsely populated cells

» using the anova function of the R core

» not all levels of all variables are represented
in all populations

» model comparisons identify the best-fit models

» and the most conservative factor estimates



STUDY |I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.)

» results

Table 7. Study |

results

Predictor Persistence across Performance in top Interpretation
models five models by AiC

AGE [Not consistently Never significant |N/A
significant

EDUCATION (Not consistently Not included in N/A
significant best-fit models

GENDER [Not consistently Never significant |[N/A
significant

L2 USE Never significant Never significant  [N/A

LINGUISTIC

AREA

FNGIISH
JAPANESE

MESOAMERICAN

LOW
MOUNTAINS

Not consistently
significant

Significant in all models .
Significant in all models

Significant in all models

N/ S

Boosting egocentric
reconstructions
Boosting geocentric
reconstructions
Boosting geocentric

19
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STUDY Il: REFERENCE FRAME USE IN DISCOURSE

» design: referential communication
(Clark & Wilkes-Gibbs 1990)

@ fj ®
o =
@

@

@

DIRECTOR MATCHER

Figure 5. Design: Talking Animals referential communication task



STUDY II: REFERENCE FRAME USE IN DISCOURSE (CONT.)

participants

Table 8. Study Il participants

Speech Linguistic Country Researcher N Totals
community area where participants
tested tested in
discourse
study
Male Female
English N/A U.S. K.T. 24 19 43
Donelson; J.
A. Jodar
Sanchez: R.
E. Moore: J.
Seong
Japanese N/A Japan J. Olstad 26 14 40
Isthmus Mesoamerican Mexico  G. Pérez 24 65 89
Zapotec Baez: R. E.
Moore
Mandarin  Southeast Tatwan  H.-C. Hsiao: 7 22 29
Chinese Asian Y.-T. Lin
Taiwanese Southeast Tatwan  Y.-T.Lin 25 63 88
Southern Asian
Min
Vietnamese Southeast Vietnam J. Lovegren 26 54 80
Asian
Yucatec Mesoamerican Mexico J. 41 39 80
Maya Bohnemeyer
Totals 173 276 449




STUDY II: REFERENCE FRAME USE IN DISCOURSE (CONT.) 2

» analysis
» binary logistic mixed-effects regression models
» same predictors as in Study |

> except this time we were able to use
an individual language variable

> two dependent variables
> probability of geocentric frame use
» probability of ‘relative’ egocentric frame use

» in this task, a response can include multiple propositions
encoded in different frames of reference



STUDY II: REFERENCE FRAME USE IN DISCOURSE (CONT.)

> results: geocentric models

Table 9. Study /I
results: geocentric frames

Predictor

Persistence across
models

Performance in top
five models by AiC

Interpretation

AGE Not consistently -048 < p<-043; |Boosting geocentric
significant p < 0.05 reconstructions (variable
1s inversely coded)
EDUCATION Not consistently Never significant  |N/A
|significant
GENDER Never significant Never significant |[N/A
L2 USE [Not consistently Never significant [N/A
significant
LANGUAGE

ever significant

264 < p<-261;

p<0.001

348 < g<3.62;
p < 000

Never significant

Never significant

YUCATEC|Significant in all models |141 < g<1.5;
MAya p<0.001
LITERACY Significant in all models (-0.38 < g<-0.31; [Neg. correlated with
< 0.001 geocentric frame use
Significant in all models (-0.48 < g<-045; |[Neg. correlated with
p < 0.001 geocentric frame use
FLAT Baseline N/A
Hn1s| Significant in all 165 <p<1.71; Effects not trustworthy
models, but with p<0.001 due to inconsistent
inconsistent polarnity polarity
Low| Significant in all 167 <p<171; Effects not trustworthy
MOUNTAINS| models, but with <001 due to inconsistent
inconsistent polanty polarity

24



STUDY II: REFERENCE FRAME USE IN DISCOURSE (CONT.)

> results: relative (egocentric) models

Table 10. Study /I
results: relative frames

Predictor

Persistence across

Performance in fop Interpretation

models five models by AiC

AGE Not consistently Never significant  [N/A
significant

EDUCATION Not consistently Not consistently N/A
significant significant

GENDER Never significant Not included in best [N/A

models

L2USE Not consistently Not consistently N/A
significant significant

LANGUAGE

ENGLISH Baseline N/A

Significant in all models

Significant in all models

-163<g<
p < 0.00

p < 0.001

< 0.001

-142 < g<-1.18;

203 < f<-1.69:

Neg. correlated with

Neg. correlated with
relative frame use
Neg. correlated with
relative frame use

Significant in all models

031 < =043;

Boosting relative frame
use

LOW

MOUNTAINS

Baseline
Not consistently Not included in
significant best-fit models
Not consistently Not included in
significant best-fit models

N/A
N/A

N/A

25
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AN EVOLUTIONARY MODEL

» making sense of the effects we've seen so far
» language

» some languages seem to promote geocentrism,
others egocentrism

» we have argued that language/speech may serve as one
conduit of the cultural transmission of frame use

» along with other observable behaviors such as gesture,
agricultural or religious practices, etc.

» cf. Bohnemeyer (2011); Le Guen (2011); inter alia

> we call this the Linguistic Transmission Hypothesis
(Bohnemeyer et al 2015)



AN EVOLUTIONARY MODEL (CONT.) %

> making sense of the effects we've seen so far (cont.)
> literacy (only in the referential communication study)

> higher levels of literacy are consistently associated
with more egocentric frame use in our data

» hypothesis: the habitual use of visual representations,
especially reading/writing, favors egocentric encoding



AN EVOLUTIONARY MODEL (CONT.) Z

> making sense of the effects we've seen so far (cont.)
» population density

» we find higher population density of the field site
consistently associated with more egocentric frame use

> we interpret this as an effect of urbanization
» urbanization reduces access to geocentric cues

» we also hypothesize that habituation to navigating
urban roadway systems may favor egocentrism



AN EVOLUTIONARY MODEL (CONT.) +

> making sense of the effects we've seen so far (cont.)
» topography (only in the recall memory study)

> ready access to geocentric cues in the environment
facilitates geocentric frame use

» whether such cues are indeed exploited
seems to be a matter of the practices of the community



AN EVOLUTIONARY MODEL (CONT.) .

» an illuminating wrinkle: mismatches in individual populations

» speakers of languages with either no overall linguistic bias
or a bias for intrinsic frame use

> tend to pattern with speakers of predominantly
geocentric languages [ - Aot i

profile profile

Bashkir Turkic Bashkortostan  Nikitina in B&C; I>R G>E
O n n O n Ve r b a I ta S ks (central Russia) press AIAR
Kilivila Oceanic Trobriand Senft2001 M&T; I>R G>E
Islands (Papua AIAR
New Guinea)
Bilingual Sinitic Taiwan Lin 2017 TA;NA R>G>1 G>E
Mandarin
(Min Nan L1)
Mopan Mayan  Belize Danziger M&T; | G>E/
2001 AIAR; E>G
RC (task-
specific)
Murrinhpatha Southern Northern Gabyetalin M&T; 1>{R?%L} G=>E
Daily Territories, press AIAR;
Australia CR
Spanish Romance Rosita, Bohnemeyer B&C; R=>I=L G>E
. Nicaragua; San etal2014 NA
Table 11. Mismatches Miguel
Mexico State
between Verba/ and nonverba/ Yucatec Mayan  Quintana Roo, Bohnemeyer M&T; 1=A=L=RG>E
. . . .. . Mexico 2011, B&C;
behavior in individual populations Bohnemeyer TA; NA
& Stolz 2006,
(Bohnemeyer et al in preparation) Le Guen




AN EVOLUTIONARY MODEL (CONT.) 7

» an illuminating wrinkle: mismatches (cont.)

» these mismatches are consistent
with an innate geocentrism bias

» which may become overridden by a culturally
transmitted egocentrism bias

» cultural practices involving geocentric use
may counteract this process

> independent evidence for an innate geocentrism bias
in primates and human infants: Haun et al (2006)



AN EVOLUTIONARY MODEL (CONT.) >

> synopsis of the evolutionary account:

the emergence of small-scale space

5 - Visual art and writing:

3 - Hunter-gatherer camps: .
selectional pressures

make-shift physical boundaries

favoring egocentrism
around small-scale space

2 - Tool use:

the beginning\
of the emergence

of small-scale space

0RTH(95)souTH

fseconp 7 NEXT
RIGHT RIGHT

THIS N7 LANE

1 - Before the S L

- o 6 : Urbanization:
onset of cultural N : .
2 : further selectional

evolution: .
te d . advantages for egocentrism
no separate domain .

P 4 - Agricultural settlements:

of small-scale space :
walling off small-scale space
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SUMMARY

> the typological distribution of reference frame preferences
across languages and cultures can be studied

» by collecting large-scale multi-population data samples
» and fitting regression models on the resulting data sets

» using exhaustive model comparison to guard against
overfitting as a result of sparsely populated cells



SUMMARY (CONT.)

35

> the studies presented here have found robust effects
of literacy, population density, and language

» and a minor topography effect
> these effects are in line with an evolutionary model

> in which cultural evolution leads to egocentric biases
that override an innate geocentrism bias

> independent support for this model comes from
» primate and infant research

» the distribution of linguistic and nonverbal frame use
preferences in populations in which they do not align
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