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The neural map

O’Keefe & Nadel (1978); Hafting et al.
(2005); Taube, Muller, & Ranck (1990);

O’Keefe & Burgess (1996)
Constantinescu et al. (2016)
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How do people construct large-scale 

spatial representations?

Weisberg et al. (2014) JEP:LMC; Weisberg & Newcombe (2016) JEP:LMC



Virtual Silcton

Schinazi et al. (2013)

Temple’s Ambler Campus

Weisberg & Newcombe (2016) JEP:LMC



Online Data Collection & Repository



Virtual Silcton

Weisberg et al. (2014) JEP:LMC; Weisberg & Newcombe (2016) JEP:LMC



Virtual Silcton (Unity 3d)

Weisberg et al. (2014) JEP:LMC; Weisberg & Newcombe (2016) JEP:LMC

VIDEO REMOVED. 



Onsite Pointing

Weisberg et al. (2014) JEP:LMC; Weisberg & Newcombe (2016) JEP:LMC



Onsite Pointing

Weisberg et al. (2014) JEP:LMC; Weisberg & Newcombe (2016) JEP:LMC



Two dimensions of individual differences

Weisberg et al. (2014) JEP:LMC; Weisberg & Newcombe (2016) JEP:LMC

Chance performance = 90°

Integrators
Non-Integrators
Imprecise Navigators

K-means clustering generated 3-group 
solution.



Huttenlocher, Hedges, & Duncan (1991)

Category Adjustment Model



Huttenlocher, Hedges, & Duncan (1991)

Do good navigators create 
categories?



Weisberg et al. (2014) JEP:LMC; Weisberg & Newcombe (2016) JEP:LMC

Route Membership Task



Route Membership Task

* d = 0.61

*p < .05, **p < .01

* d = 0.88

** d = 2.13

N = 76
Weisberg & Newcombe (2016) JEP:LMC



Good navigators create categories

Weisberg & Newcombe (2016) JEP:LMC



Maguire et al. 2003; 2006



Everyday Taxi Drivers?

Weisberg, Newcombe, & Chatterjee (2019) Cortex

Hippocampus



Weisberg, Newcombe, & Chatterjee (2019) Cortex
N = 90



Preregistered, open data, open code

Weisberg, Newcombe, & Chatterjee (2019) Cortex



Weisberg, Newcombe, & Chatterjee (2019) Cortex
N = 90



How do people construct large-scale 

spatial representations?

Categorization
Non-hippocampal 

strategies



Future Direction:
Cognitive Map or Cognitive Graph?

Warren et al. (2017); Weisberg & Newcombe (2018) Current Directions in Psych Sci



Future Direction:
Individual Differences in Spatial 

Representations

Warren et al. (2017); Weisberg & Newcombe (2018) Current Directions in Psych Sci
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How does the brain encode spatial directions 
across formats?

Weisberg, Marchette, & Chatterjee (2018), J Neuro



Weisberg, Marchette, & Chatterjee (2018), J Neuro



Weisberg, Marchette, & Chatterjee (2018), J Neuro

fMRI Method

One-back task for Catch Trials Only (Accuracy = 89.9%)



+

SAME?



Weisberg, Marchette, & Chatterjee (2018), J Neuro

fMRI Method

One-back task for Catch Trials Only (Accuracy = 89.9%)

Continuous Carryover Trial Sequence (Aguirre, 2007)

~600 total trials (including catch + null trials)



Epstein (2008); Marchette et al. (2015); Bonner & Epstein (2017)

Regions of Interest: Visual Scene Regions

RSC
retrosplenial complexparahippocampal place 

area

PPA OPA
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Schindler & Bartels (2013)

Regions of Interest: Spatial Directions

Intraparietal sulcus

IPS



Regions of Interest: Low Level Vision

early visual
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Haxby (2002); Kriegeskorte (2008)

Multi-voxel Pattern Analysis (MVPA)



MVPA: Step 1 – Estimate Signal (per spatial 
direction and format)

Haxby (2002); Kriegeskorte (2008)
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Response
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Response



MVPA: Step 2 – Create Correlation Matrix

Haxby (2002); Kriegeskorte (2008)

Higher
Response

Lower
Response

1st Half of Runs 2nd Half of Runs

voxel 1

voxel 2

voxel 3

.

.

.

voxel 1

voxel 2

voxel 3

.

.

.
Correlation

(Kendall’s Tau-a)

Sharp 
Left

Left
Slight 
Left

Ahead
Slight 
Right

Right
Sharp 
Right

Sharp 
Left

Left

Slight 
Left

Ahead

Slight 
Right

Right

Sharp 
Right

Kendall Tau-a correlationLow High



MVPA: Step 2 – Create Correlation Matrix

SCHEMA
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MVPA: Step 2 – Create Correlation Matrix
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MVPA: Step 3 – Average correlations and test 
across subjects

Neural Data

Kendall Tau-a correlationLow High

Ideal Data

Discrimination Index:
Same dir. minus different dir. 
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Weisberg, Marchette, & Chatterjee (2018), J Neuro

Spatial Direction Decoding Across Format

d = 0.67

*p < .05

Error bars = ± SEM

Visual Scene Regions

N = 24



Spatial Direction Decoding Within Format



**

Spatial Direction Decoding Within Format

Weisberg, Marchette, & Chatterjee (2018), J NeuroError bars = ± SEM

**p < .01

d = 0.80

d = 0.69

Visual Scene Regions



Weisberg, Marchette, & Chatterjee (2018), J Neuro

Theories of representation in IPS

Abstracting 
across formats

Computing spatial 
directions



McMonagle & Kertesz (2006)
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SAME?

Within-
format 
trial 
blocks



Weisberg & Chatterjee (in prep)
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How does the brain encode spatial directions 
across formats?

Abstracting 
across formats

Computing spatial 
directions



Our Road Map
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Functional connectivity: IPS as hub hypothesis

Images > Schemas/Words

Schemas > Images/Words
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Real-time fMRI and Neurofeedback

Weisberg & Aguirre (in prep)
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Weisberg, Badgio, & Chatterjee (2018); Weisberg, Miller, & Chatterjee (in prep)

Sensory Substitution in Virtual and Real 
World Environments



Augmented Reality and GPS



Supporting navigation in aging populations 
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Sex Differences on Virtual Silcton
(Controlling for verbal IQ) 

Within-Route Pointing:
d = 0.50

Between-Route Pointing:
d = 0.56

SBSOD
d = 0.29

Men slightly more likely to be Integrators; significantly less likely to be 
imprecise navigators. 



Motivation

χ2(2) = 0.92, p = .63 Weisberg & Newcombe (2016) JEP:LMC





Weisberg, Marchette, & Chatterjee (2018), J Neuro

Stimuli Generation
7 spatial directions (after Klippel & Montello, 2007):

AHEAD

SLIGHT RIGHT

RIGHTLEFT

SHARP LEFT SHARP RIGHT

SLIGHT LEFT



Weisberg, Marchette, & Chatterjee (in revision), J Neuro

Behavioral Method
N = 48 right-handed, English-speaking undergrads

Procedure
Pre-registered at the Open Science Framework https://osf.io/djwfa/

Rolling one-back task
Continuous Carryover Trial Sequence (Aguirre, 2007)

Each trial type is preceded by every other trial type
441 total trials

Measured reaction time / accuracy
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Weisberg, Marchette, & Chatterjee (in revision), J Neuro

Previous Trial 
Format

*** d = 0.97

** d = 0.50
*** d = 1.20

Error bars = ± SEM

**p < .01, ***p <  .001



Weisberg, Marchette, & Chatterjee (in revision), J NeuroError bars = ± SEM

*p < .05, ***p <  .001

Same-format advantage greatest in schemas, words
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Epstein (2008); Marchette et al. (2015); Schindler & Bartels (2013)

Functionally defined, 
anatomically constrained

Julian et al. (2012)

Anatomically defined with 
probabilistic maps
Wang et al., (2015)
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Weisberg, Marchette, & Chatterjee (submitted) bioRxiv

Categorical spatial direction decoding



Weisberg, Marchette, & Chatterjee (in revision)

Format Decoding



Format Decoding Searchlight

Schemas vs. Words

Images vs. Other

Weisberg, Marchette, & Chatterjee (submitted) bioRxiv



Variability across individuals

Wolbers & Hegarty (2010)
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Haxby (2002); Kriegeskorte (2008)
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Haxby (2002); Kriegeskorte (2008)
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Haxby (2002); Kriegeskorte (2008)

Spatial Direction Decoding Across Formats 


