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THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES
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‣ classifying spatial frames of reference 

Figure 1. Reference frames and anchors

Table 1. Exemplifying frame types in Figure 1

Cf. Bohnemeyer & O’Meara 2011; Carlson-
Radvansky & Irwin 1993; Danziger 2011; 
Friederici & Levelt 1990; Gallistel 1990; Levelt 
1984, 1996; Levinson 1996, 2003; Terrill & 
Burenhult 2008; inter alia 



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

�4THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

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



‣ how to account for this variation - existing proposals

�5THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

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



‣ 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. 

�6THE 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 

�7THE 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 

�8THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

Figure 3. Study populations



‣ this presentation: two such studies (cont.) 

‣ the field sites 

�9THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

Table 3. Geographic variables



‣ this presentation: two such studies (cont.) 

‣ the demographics 

�10THE TYPOLOGICAL DISTRIBUTION OF REFERENTIAL PRACTICES (CONT.)

Table 4. Demographic variables
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STUDY I: REFERENCE FRAME USE IN RECALL MEMORY
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‣ design: array reconstruction under rotation 

Figure 4. Design: New Animals array reconstruction task
Cf. Levinson 2003: 156-158, 338-339; 
Pederson et al 1998 

• Practice trials until participants have 
clearly understood the task 

• Six test trials 
• Responses coded for facing direction 

and order of the animals 
• egocentric, geocentric, mixed/neither  

• Trial exclusions: no array, multiple arrays, 
wrong animal, wrong number of animals, 
wrong order, inconsistent orientation 

• Participant exclusions: more than 2 errors



‣ participants after exclusions 

�13STUDY I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.)

Table 4. Study I participants after exclusions



‣ modeling the data 

‣ binary logistic mixed-effects regression models  

‣ using the lme4 package in R (Bates et al 2015) 

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

�14STUDY I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.)



‣ 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)

�15STUDY I: REFERENCE FRAME USE IN RECALL MEMORY (CONT.)



‣ modeling the data (cont.) 

‣ fixed factors (cont.) 

‣ field site variables  

‣ population density (census data) 

‣ topographic profile (ESRI)
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‣ 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

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



‣ 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
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Table 7. Study I  
results

‣ results
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STUDY II: REFERENCE FRAME USE IN DISCOURSE
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‣ design: referential communication  
(Clark & Wilkes-Gibbs 1990) 

Figure 5. Design: Talking Animals referential communication task

• One practice trial without the screen 
• Four test trials 
• Directors’ responses coded for location 

and orientation of the animals 
• Six categories: egocentric intrinsic 

(‘direct’); egocentric extrinsic 
(‘relative’); allocentric intrinsic; 
landmark-based geocentric; absolute 
geocentric; ‘topological’ (Piaget & 
Inhelder (1956))



‣ participants 

�22STUDY II: REFERENCE FRAME USE IN DISCOURSE (CONT.)

Table 8. Study II participants



‣ analysis 

‣ binary logistic mixed-effects regression models 

‣ same predictors as in Study I 

‣ 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 

�23STUDY II: REFERENCE FRAME USE IN DISCOURSE (CONT.)



‣ results: geocentric models

�24STUDY II: REFERENCE FRAME USE IN DISCOURSE (CONT.)

Table 9. Study II  
results: geocentric frames



‣ results: relative (egocentric) models

�25STUDY II: REFERENCE FRAME USE IN DISCOURSE (CONT.)

Table 10. Study II  
results: relative frames
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AN EVOLUTIONARY MODEL
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‣ 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) 
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‣ 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.)
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‣ 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.)
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‣ 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.)
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‣ 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 
on nonverbal tasks

AN EVOLUTIONARY MODEL (CONT.)

Table 11. Mismatches 
between verbal and nonverbal  
behavior in individual populations 
(Bohnemeyer et al in preparation)
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‣ 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.)
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‣ synopsis of the evolutionary account:  
the emergence of small-scale space

AN EVOLUTIONARY MODEL (CONT.)

1 - Before the  
onset of cultural  

evolution:  
no separate domain  
of small-scale space

2 - Tool use:  
the beginning 

of the emergence 
of small-scale space

3 - Hunter-gatherer camps: 
make-shift physical boundaries  

around small-scale space

4 - Agricultural settlements: 
walling off small-scale space

5 - Visual art and writing:  
selectional pressures  
favoring egocentrism

6 - Urbanization:  
further selectional  

advantages for egocentrism



SUMMARY
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‣ 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 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‣ 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 

SUMMARY (CONT.)
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