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Mental Rotation
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Mental Rotation Paradigm
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Mental Rotation Paradigm
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Model based approaches.

urnal of Experimental Psychology: © 2014 American Psychological Association
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Deconstructing Mental Rotation

Memary & Cognition Axel Larsen

2010, 38 (2), 206-220 University of Copenhagen
alot: 1037 RAMC 28 2. 1

A random walk model of the classical mental rotation task is explored in two experiments. By assuming
/ - - - that a mental rotation is repeated until sufficient evidence for a match/mismatch is obtained, the model
A In[)del [)f r'}ta ted Inlrl Dr}'nﬂl Inal lEﬁEl accounts for the approximately linearly increasing reaction times (RTs) on positive trials, flat RTs on
® - 3 = negative trials, false alarms and miss rates, effects of complexity, and for the number of eye movement
dls Cl lnllllﬂtl'}ll 5 switches between stimuli as functions of angular difference in orientation. Analysis of eye movements
supports key aspects of the model and shows that initial processing time is roughly constant until the first
saccade switch between stimulus objects, while the duration of the remaining trial increases approxi-
n TR S— mately linearly as a function of angular discrepancy. The increment results from additive effects of (a)
. l‘_“'" Kung "'\'ID JerF P .Ih.' MM a linear increase in the number of saccade switches between stimulus objects, (b) a linear increase in the
Uni VErsiy Gf-'“rk'ra”a- Auckiand, New Zealand number of saccades on a stimulus, and (c) a linear increase in the number and in the duration of fixations
on a stimulus object. The fixation duration increment was the same on simple and complex trials (about
15 ms per 60°), which suggests that the critical orientation alignment take place during fixations at very
high speed.
Mem Cogn (2012) 40:594-613
DOI 10.3758/s13421-011-0172-2 Keywords: mental rotation, eye movements, visual working memory, random walk
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LBA/decision process
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Correct RT and Error
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Event Related Potentials
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Models of MR
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Models of MR — Mr2G
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400-700MA vs Gamma Slope
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ERP-latent correlations

400-500ms

200-300ms 300-400ms

r=-0.2 r=-0.56 r=-05
wn
b=}
3 - 4 4
o
o
=y
3 - 4 4
o
[Te}
o
S 4 4 4
[=] M . |
T T T T T T T T T T T T T T T T T T
-0.03 -0.02 -0.01 0.00 0.01 0.02 -0.03 -0.02 -0.01 0.00 0.01 0.02 -0.03 -0.02 -0.01 0.00 0.01 0.02
r=-053 . . r=-059 . . r=-056 . . r=-04
2
3 - 4 4 4
o
o
b=l
3 4 4 4
o
wn
(=3
S - 4 4 4
o
T T T T T T T T T T T T T T T T T T T T T T T T
-0.03 -0.02 -0.01 0.00 0.01 0.02 -0.03 -0.02 -0.01 0.00 0.01 0.02 -0.03 -0.02 -0.01 0.00 0.01 0.02 -0.03 -0.02 -0.01 0.00 0.01 0.02
wee
Sea' 4
@ THE UNIVERSITY OF

" e PRIORITY RESEARCH CENTRE

)
< Hme RI TRANSLATIONAL NEUROSCIENCE AND MENTAL HEALTH NEWCASTLE

AUSTRALIA




Summary

Decision Time (ty)
&

Same (L) by——— = threshold
Accumulator e

As e
Same
evidence rate -
variability o -

~ U0, Ag) start-
~N(vg,svg) point variability

Same Evidence

e e e e
oA =
oD@

delta (2-4

. Diff theta (4-9
Different (R) by === th:eZLeorI‘; (
8 Accumulator //'
3 A //’ alpha (3-1
2| Different °F
g| evidence rate
El  variability o ~ U0, Ap) start-
i1 point variability beta (14-.
~N(vy,8vp) Response
o Production
Encoding Time (to) Time (t,)
fe—————= e gamma (

Stimulus Response

©Onset(t=0) (=R

gamma2 (

SAME DIFFERENT | |

.o' & PRIORITY RESEARCH CENTRE
o, HM RI TRANSLATIONAL NEUROSCIENCE AND MENTAL HEALTH

orter Meeal Flaaaesh Irattute

THE UNIVERSITY OF

NEWCASTLE

AUSTRALIA




Acknowledgements

Thanks to:
. References :
Graciela Tesan - Provost, A., Johnson, B., Karayanidis, F., Brown, S. & Heathcote, A. (2013)
Chris Sewell Two routes to expertise in mental rotation. Cognitive Science, 37 (7), 1321-
. . 1342
David Elliott - Provost, A & Heathcote, A. Gamma Model of Mental Rotation (GMMR), (in
Melanie Reid preparation).

Shepard, R., & Metzler, J. (1971). Mental rotation of three-dimensional

objects. Science, 171, 701-703.
- Heil, M. (2002). The functional significance of ERP effects during mental
Scott Brown rotation. Psychophysiology, 43, 401-412

- Mansfield, E., Karayanidis, F., Jamadar, F., Heathcote, A. & Forstmann, B.
(2011). Adjustments of Response Threshold during Task Switching: A Model-
. Based Functional Magnetic Resonance Imaging Study, The Journal of

http.//neWCI.Org/prOVOSt Neuroscience, 31(41):14688-14692
- Kung, E., & Hamm, J. P. (2010). A model of rotated mirror/normal
- letter discriminations. Memory & Cognition, 38, 206—220
- Searle, ] & Hamm, J. (2012). Individual differences in the mixture ratio of

Kanazawa Institute of Technology

Funded by: pilot grants from Macquarie

University and the University rotation and non-rotation trials during rotated mirror/normal letter
. discriminations. Mem Cognit, 40(4):594-613
of NewcaStle and by Australian Research - Larsen, A. (2014). Deconstructing mental rotation. J Exp Psychol Hum Percept
Council (grants DP110100234 and Perform. 40(3):1072-91
LE0668421) - Pavlik, P. 1., Jr., & Anderson, J. R. (2002). Mental rotation transfer. Poster

presented the 24th Annual Meeting of the Cognitive Science Society, Fairfax
- Turner, B. M. (in press). Constraining Cognitive Abstractions Through

Bayesian Modeling. In B. U. Forstmann, & E.-J. Wagenmakers (Eds.), An

Introduction to Model-Based Cognitive Neuroscience. Springer: New York.

® @ THE UNIVERSITY OF

PRIORITY RESEARCH CENTRE

AUSTRALIA

@
@
HMR TRANSLATIONAL NEUROSCIENCE AND MENTAL HEALTH NEWCASTLE




THE UNIVERSITY OF

NEWCASTLE

AUSTRALIA

.o' ,0. PRIORITY RESEARCH CENTRE
°, HM RI TRANSLATIONAL NEUROSCIENCE AND MENTAL HEALTH




LBA/decision process
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Models of MR — MR2gi
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LBA/decision process

Drift rates vary
randomly from tric

Decision Time to trial (normal
< > distribution).
Response EEEEEEEENER EEEENE EEEEEEEEEEEER
Threshold
Start 4
Point Drift Rate

SAME DIFFERENT

Start points vary randomly from NOISE PROCESSES:
Start Point is a, ~ Uniform(0,A)

trial to trial (uniform distribution). Drift Rate is d. ~ Normal (d,s)
| 7

PRIORITY RESEARCH CENTRE NEWCASTLE

__\:--,-""J C;{'.‘-‘ THE UNIVERSITY OF
c HM RI TRANSLATIONAL NEUROSCIENCE AND MENTAL HEALTH bt ey




