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Small # system: 1, 2, 31

● Subitizing, Parallel individuation 2

● Object Tracking System (OTS)

Large # system: 4…1

● Weberian numerical magnitude 
estimation

● Approximate Number System (ANS) 

Two Distinct Number Systems1, 2, 3



● Behavioral oddball paradigms: Change detection studies 
have traditionally relied on participants, performance recorded 
as response time (RT) & accuracy.

● EEG studies: Brain’s electrocortical activity recorded during 
change detection tasks & analyzed as Event-Related-
Potentials (ERP).

● Current issues: Much of numerical change detection research 
uses large numbers (10~100). 3, 5-6 

● Also, most ERP studies focused on the magnitude (size) of 
change, but few have studied the direction of change. 5, 6

Previous Research in Numerical Cognition



Hyde & Spelke (2012) 3

• Discontinuous #: Small (1, 2, 3)// Large (8, 12, 16)

• Passive observation of change during EEG.

• Continuous #: Small (1, 2, 3)       Large (4, 5, 6)

• Active detection of numerical change (key press)

• See next slides for animations of what participants saw.

Current Study: Tang et al. (2022) 8



2-3: Increase Small-Small



3-2: Decrease Small-Small



5-6: Increase Large-Large



6-4: Decrease Large-Large



3-5: Increase Small-Large



5-3: Decrease Large-Small



Procedure (contact for more info)

● 15 RH participants

● 128-channel EGI GSN system ERPs recorded over:

● POT (Parietal Occipital Temporal): Green

● Pz area: Yellow

● Recorded variables:

○ N1 (POT area) to cardinal values 1~6

○ Behavioral change detection: RT & Accuracy

○ N1 (POT area) and P3b (Pz area) to change detection.

● Predictor variables:

○ Direction: Increasing (e.g., 1→2; 5→6) or Decreasing (e.g., 5→4; 3→2)

○ Size: Small-Small; Large-Large; Crossover (Small-to-Large; Large-to-Small)



Amplitude of N1 (125 - 200ms) over POT: Cardinal Value

● In trials without numerical 

change = No behavioral 

response.

● EEG recordings to different 

cardinal values (1 ~ 6): 

Measured from the N1 ERP 

over the POT area. 

● Found distinct ERPs in 

small numbers (subitizing 

range).

● N1 amplitude is scaled to 

values “1”, “2”, “3”.

1

2

3



N1 (125 - 200ms): Cardinal Value

● Yet, N1 ERPs are not distinct 

for larger numbers (4, 5, 6).

● This justifies our categorization 

of 1~3 as “Small” and 4~6 as 

“Large”.

● Proposed: As more objects are 

loaded into early working 

memory, N1 amplitudes 

become stronger.

● Important: Diff. cardinal values 

did not have significantly 

different N1 latencies = No 

indication of a serial process.
6
4
5



Accuracy by Numerical Change: Size & Direction

● Size: Accuracy decreases with 

larger numbers, as numerical 

change detection gets harder (p

< 0.000).

● Direction: Accuracy is higher 

for Decreasing change 

compared to Increasing change. 

(p < 0.001).

● This contrasts previous studies 

that found better accuracy for 

Increasing (but they used 

numbers 10~70). 5, 6



Reaction Time

● Size*Direction: Sig. int. effect (p < 0.000), where RT was longest for Increasing-Large 

number change (p < 0.05), followed by Decreasing-Large.

● Size: RT increases with larger 

numbers, as numerical change 

detection gets harder (p < 0.000).

● Direction: There were trends that

Decreasing conditions have shorter 

RTs, except in the Small-Small 

condition (p < 0.01).

● This contrasts previous studies that 

found shorter RTs for Increasing 

(but they used numbers 10~70). 5, 6



Context Updating Theory of P3b 7

● Related to updating one’s 

working memory in change 

detection paradigms.

● Incoming sensory input →

Evaluated as being the same

or different from the previous 

context 7. 

● If different → Elicits an 

updating of the given neural 

representation at P300.

Figure of the Context 

Updating Model from 

Polich (2003) 7 



Proposed Model of Early & Later/Higher-order 

Working Memory in Context-Updating

Adapted from Polich (2003) 7 

More items in working memory 

→ Stronger N1 amp.

Easier to 

update context 

→ Stronger P3b 

amp.



N1 (125-200ms) over the POT area: Change Detection

● For the “No Change” condition, the 

measured N1 amplitude was weaker 

than all other change conditions

● Except for “Decreasing Small-Small”! 

● Early ERP: POT is “off-loading” 

objects from early working memory 

with Decreasing Small numbers (in 

the subitizing range), but not for large 

numbers.

● More objects are loaded into working 

memory = N1 Amp. increases.

● Off-loading objects = N1 Amp. 

Decreases.

● N1 Latency: “Direction” mattered.



Amplitude of P3b (435-535ms) over mid-Parietal (Pz) 

area: Later cognitive ERP of Change Detection

• No Change: Weak P3

• Decrease Small-Small: 

Strongest P3b amp.

• Increase & Decrease Large-

Large: Weaker P3b amp.

• Only “Size” mattered for P3b 

amp.

• Polich 7 : Easier to update the 

context → Higher P3b Amp.



P3b Latency over Pz: Later cognitive ERP of Numerical 

Change Detection

● Latency was highest in Large-Large 

conditions, followed by the Small-

Small conditions, and least for the 

crossovers (p < 0.0001). 

● Direction*Size: Significant 

(p<0.001); in the small condition, 

Decreasing trials had higher latency 

than Increasing trials.



Linking Brain & Behavior: RT and P3b Latency

Similar results for reaction time & peak latency of the P3b ERP!



Conclusions

● Our findings mirror previous research1, 4: Scaling of N1 ERP amplitudes to small 

numbers (1~3), but not large numbers – even when both categories are continuous on 

the number line (1~6).

● Previous studies 5, 6 on change direction found consistent superiority of Increasing

changes in set size for larger numbers over a wide range (10~100).

● Our study uses a narrower range (1~6) and found better performance for Decreasing

set sizes that interact with set sizes.

● ERP distinctions reflect a categorical break in Direction and Size, reflecting working 

memory loads (N1) and ease of context-updating (P3b).

● Aligns with Polich’s context-updating model 7, where working memory representations 

differ between small and large numbers, as well as increasing and decreasing 

numerical change.

● Suggests a neural basis for the differentiation of small vs. large number perception at 

early stages of processing, and a later stage that involves more complex numerical 

processing that is employed in our numerical change detection task.
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Questions? More information?

Thank you!
For questions, please 

email me at 

jt2615@tc.columbia.edu





Current Study: Specific Number Pairs



Overall Results: 

• p-values for significance

• Effect sizes in parentheses

Variables Direction Size Direction * Size

RT p = 0.006 (0.03) p < 0.000 (0.37) p < 0.000 (0.13)

Accuracy p = 0.013 (0.03) p < 0.000 (0.35) p < 0.000 (0.12)

POT N1 Amp p < 0.000 (0.12) p < 0.000 (0.17) p < 0.000 (0.10)

POT N1 Lat p = 0.003 (0.04) p = 0.602 (0.0) p = 0.076 (0.02)

Pz P3 Amp p = 0.218 (0.0) p = 0.002 (0.06) p = 0.234 (0.01)

Pz P3 Lat p = 0.59 (0.0) p < 0.000 (0.21) p = 0.014 (0.12)


