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INTRODUCTION
Researchers can evaluate developmental trends and sex differences in cognitive abilities 

using electroencephalography (EEG) measures such as event-related potential (ERP) 
components along with behavioral measures.
P3 is an ERP component associated with cognitive abilities1 which can be elicited by the 

classic two-tone auditory oddball task. 
A three-tone novelty oddball task, in which a person responds to infrequent target tones 

and does not respond to frequent or novel tones, requires cognitive control and automatic 
processing3,4 originating from different brain regions (e.g. frontal and parietal)5.
Using the classic two-tone paradigm to evaluate the P3, researchers have observed 

developmental improvements in cognitive control6. However, the developmental trajectory 
of the P3 elicited by a novelty (i.e. three-tone) oddball paradigm is less understood.
Further, the role of sex differences in brain maturation7 in P3 trends is unknown.

PURPOSE and RESEARCH QUESTIONS
Evaluate the influence of participant traits (i.e. age & sex) as well as the interaction between 
tone types and scalp sites on P3 amplitude and latency in a novelty oddball paradigm.
1. What is the nature of the developmental trajectory of P3 amplitude and latency in a 
novelty oddball paradigm at frontal (Fz) and parietal (Pz) sites?
2. Is the developmental trajectory of P3 amplitude and latency in a novelty oddball paradigm 
different for males and females?
3. How does P3 amplitude and latency differ by frequent tone, target tone, and novel tone or 
by frontal (Fz) and parietal (Pz) sites?

METHODS
Participants
211 participants met 

inclusion criteria
Completed EEG session
No hx of ADHD/DD, head 

injury, or learning disorder
7 participants excluded with 

< 65% performance accuracy 
on oddball task
Data analysis: 204 

participants 7-25 yrs

Novelty Oddball Task
188 frequent
41 target
40 novel tones

Age 
Group

Male 
(n = 93)

Female 
(n = 111)

Total 
(N = 204)

7 4 7 11
8 6 8 14
9 6 13 19

10 6 7 13
11 9 6 15
12 6 6 12
13 8 6 14
14 8 12 20
15 9 7 16
16 9 10 18
17 8 11 19
18 7 8 15

19-25 8 10 18

Figure 1: Participants were instructed to push a button with their right index finger for target tones 
only and to not respond to any other tones.

EEG Acquisition and Reduction
QuickTrace system (Neuroscan Company, Charlotte, NC), 29 scalp sites
Bandpass filter: 0.23-30 Hz
Baseline: -200-0ms before stimulus

Segmentation: -200-1000ms 
Artifact rejection: ±100 microvolts (µV)

METHODS continued
EEG Analysis
EEG sites Fz and Pz
Latency of P3: 200-500 milliseconds (ms) following stimulus onset
Peak-to-peak amplitude of P3 in microvolts (µV): baseline-to-peak 

amplitude of P3 minus amplitude of previous ERP component

Fz

Pz

RESULTS

P3 Latency
 Linear trend: Faster P3 

latency with increasing age
 Target tones at Pz (p=0.033)
 Sex differences accounted 

for variability in P3 latency 
(p<0.01) with faster neural 
responses in females

 Quadratic trends: fastest P3 
latency in adolescents
 Frequent tones at Fz

(p<0.001) and Pz (p<0.01)
Novel tones at Fz (p<0.0001) 

and Pz (p<0.0001)
Cubic trend: fastest P3 

latency in adolescents and 
adults over 22 years
 Target tones at Fz

(p<0.0001) 

Females

Males

P3 Peak-to-Peak Amplitude
 Linear trends: Smaller P3 

amplitude with increasing 
age
 Frequent tones at Fz

(p<0.0001) and Pz
(p<0.0001)
 Sex differences accounted 

for variability in P3 peak-to-
peak amplitude at Fz
(p<0.0001) with greater 
neural responses to tones 
in females

Quadratic trends: smallest 
P3 amplitude in 
adolescents
 Target tones at Fz (p < 0.05) 

and Pz (p<0.05) 

Developmental Trends and Sex Differences
Figure 2. Developmental trends in latency of P3 grouped by sex across EEG sites 
and tone types. Ages on x-axis and latency 200-500 ms on y-axis.
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Figure 3. Developmental trends in average peak-to-peak amplitude of P3 grouped by 
sex across EEG sites and tone types. Ages on x-axis and amplitude 0-35 µV on y-axis. 
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RESULTS continued

DV: peak-to-peak P3 amplitude
 IVs: site (2) & tone (3)
Covariates: age, age2, and sex
Significant Findings
Main effect of tone (p = 0.02) 
Significant site, tone, and sex 

interaction (p<0.01)
Tukey’s Post-hoc Tests
Target tones larger than 

frequent tones at Fz (t=17.16, 
p<0.001) and Pz (t=33.72, 
p<0.001)
Target tones smaller than 

novel tones at Fz (t=16.16,     
p<0.001) and Pz (t=12.54, 
p<0.001)
Target tone P3s significantly 

greater at Pz than Fz (t=10.43, 
p<0.001)

The number of correct 
responses increased with age 
(r=0.437, p<0.0001)
Response times for correct 

responses (r=-0.661, 
p<0.001)  and incorrect 
responses (r=-0.249, 
p=0.001) decreased as age 
increased

Behavioral Measures

P3 P3

Frequent tones
Target tones
Novel tones

ms

Figure 4. Grand averaged ERPs time-locked to tone onset

Fz Pz

CONCLUSION
 Results show simple cognitive abilities improve during childhood and adolescence with 

females developing ahead of males in neural response times (faster P3 latencies) and 
neural differentiation (larger P3 peak-to-peak amplitudes).
 When controlling for age, target tones produces larger P3 amplitudes than frequent tones 

and smaller amplitudes than novel tones at both frontal and parietal sites.
 Sex differences are in keeping with our previous findings8. Future research is needed to 

better understand how the development of basic cognition at a neural level relates to 
functional behaviors for individuals with and without disabilities or brain injuries.
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