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Why YouthShape.US Was Needed

Out of Date: last comprehensive study was in 1977

1D data: standard body dimensions do not convey size
and shape across postures, including head, hands, and
feet

Lacking Diversity: even the 1970s data has minimal
representation of non-white children

Poor Adolescent Representation: available modern 3D
data are primarily from 2-11 years old

YouthShape.US was developed to provide
contemporary data on the size, shape, and
physical capability of U.S. children and

UMTRI adolescents
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YouthShape.US Study Design

Phase 1 = deep lab protocol
Phase 2 = targeted diversity expansion
Phase 3 = scalable national core protocol

UMIR

Measure Phase 1: Phase 2: Phase 2: Phase 1: Phase 3:

UMTRI NC X UMTRI NC, FL, OH, TX
Pilot Black Hispanic East Asian

Number of Participants (Target) 649 (600) 215 (150) 519 (300) 235 (300) ~3540 (3000)

Session Duration (mins) 120 45 90 120 30-45

Whole-body scan postures 24 2 6 12 2

Manual anthro measures 52 29 32 32 8

Head scans 6 1 1 6 1

Hand Scans 24 1 1 10 1

PassFit Scans 2 1 1 2 2

Body composition 1 1 1 1 1

Grip Strength 2x3 2x3 2x3 2x3 2x3

Lower extremity power 3 = = -- --

Foot scans 2 -- -- 2 --

Foot-in-Motion 3 = = -- --

Actigraphy 7-10 days -- 7-10 days 7-10 days --

Study total for most measures in common across phases is >4000



Protocols: Linking Structure, Shape, and Function

« Standardized manual methods tied to prior studies
* Repeated core measures across phases

 Rich scan protocols

 Design for synthesis and public use

Jones, M. L., Ebert, S. M., Miller, C. S., Park, B. K. D., Jung, H., Wood, A, Robinson, L. & Reed, M. P. (2024). Laboratory Methods for a Pilot Study of the US YouthShape
Survey of Child and Youth Anthropometry and Physical Capability. Proceedings of the Human Factors and Ergonomics Society Annual Meeting, 68(1), 193—198.
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Physical Capability & Activity Measures

B n offcial website of the United States government Hare's how you know «

;"‘ National Center for Health Statistics .
s tatnalYoutfiness i NHANES National Youth Fitness Survey

About NNYFS

The NHANES National Youth Fitness Survey

Jones, M. L., Ebert, S. M., Miller, C. S., Park, B. K. D., Jung, H., Wood, A, Robinson, L. & Reed, M. P. (2024). Laboratory Methods for a Pilot Study of the US YouthShape Survey of
Child and Youth Anthropometry and Physical Capability. Proceedings of the Human Factors and Ergonomics Society Annual Meeting, 68(1), 193—-198.



Results [Phase 1]: YouthShape.US vs. NHANES and Snyder
Stature by Age

.. Comparing 90" percentiles
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YouthShape.US
stature percentiles
generally track
1000 NHANES and tend

to exceed older
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at later ages.
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Jones, M. L., Park, B. K. D., Ebert, S. M., Miller, C. S., Robinson, L. E., & Reed, M. P. (2026). YouthShape. US: A New Anthropometric Resource for US Children and Youth. Human Factors,
00187208261478468.



Results [Phase 1]: YouthShape.US vs. NHANES and Snyder
Body Weight by Age

110

Comparing 90" percentiles
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and are broadly
10 comparable to NHANES,
0 with some divergence at
older ages.
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Jones, M. L., Park, B. K. D., Ebert, S. M., Miller, C. S., Robinson, L. E., & Reed, M. P. (2026). YouthShape. US: A New Anthropometric Resource for US Children and Youth. Human Factors,
00187208261478468.



Results [Phase 2]: Hispanic Sample vs. Snyder

Comparing 90 percentiles

Body weight and waist-related dimensions — current sample
. NHANES
- --Snyder 77
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U M]-H | Park., J., Jones, M.L.H., Ebert, S.M., Applequist, B., Park, B-K.D., Miller, C.S., Robinson, L.E., Reed, M.P. (Under Review). Scientific Reports.



Results [Phase 1]: Grip Force by Stature and Sex

Grip Force [N] Males Females
] 800f
- - P90 |
600 T !
_ ; P90
400+ 90 Ib 4001 b 280, ;
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------------- P10

200+ 45 1b

1000 1200 1400 1600 1800 gOO 1000 1200 1400 1600 1800

Stature [mm] Stature[mm)]

Stature was a strong predictor of grip strength in both sexes, with a stronger association in males than females. The
spline fit suggests some nonlinearity in both groups, and the widening quantile bands indicate greater variability at
higher stature (Males: R? = 0.78; Females: R? = 0.72).



YouthShape.US

Direct
YouthShape Data

Phases 1-2:
detailed measures
Phase 3:
streamlined
measures

UMTAI

Imputation + Synthesis

Imputation fills missing
or unmeasured scalar
dimensions

Synthesis generates
U.S.-representative
child/youth estimates
using NHANES-based
population targets
Models use age, sex,
stature, BMI, sitting
height, waist
circumference, and
buttock circumference.

https://YouthShape.US/databrowser

Online Browser Outputs

1. U.S. population -
synthesized

Use for population
estimates

2. YouthShape - imputed
Use when a dimension is
not available in the
representative dataset

3. YouthShape - direct

Use for verification against

measured data

Quality checks

* Anatomical ordering

* Mathematical
consistency

* Quality evaluation

YouthShape.US
transforms detailed
measured data into
usable, population-
relevant tools for design
and analysis.



YouthShape.US: Dimension Explorer

Dimension explorer provides univariate
statistics, percentile<->value conversion,
plotting vs age

S TUMTR
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DATASET

YouthShape Database 2026-06 (US Pop Synthesized) ¥ @ Pro key

PUBLIC  Clear
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Feedback Contact
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Dimension
Explorer

Plotting & Analysis

Correlations

Growth Curves

Multivariate
Accommodation

Boundary Cases

Report

DIMENSION

Type a few characters or browse all
dimensions.

Stature

& Browse all dimensions (43)

COHORT

Age range (years)

At least three years recommended.

34567 89101121314151617

Sex Ratio

AIF  %F  50/50 %M AIM

MEASUREMENT ©

Dimension information

v DISTRIBUTION ©
Stature (mm)
0%
Male 1,905 1048
Female 1,896 1040

Both 3,801 1044

db: YouthShape_2026-06-US_population  age_range=3-17

*  DISTRIBUTION ©

pre

o £
800 1000 1200 1400 1600 1800

Stature (mm)

ib: YouthShape_2026-06-US_population  age_range=3-17
sex_ratio=50%M

25%

1194

1176

1183

50%

1392

1396

1394

sex_ratio=50%M

V.

Stature (mm)

TREND BY AGE ©

Al points @

=
S
5]

234567 8910M1N12131415161718

Age (yr)

db: YouthShape_2026-06-US_population  age_range=3-17

sex_ratio=50%M

https://YouthShape.US/databrowser




YouthShape.US: Plotting &

Plotting and analysis includes scatter &
box plots, linear and quantile regressions

Analysis

About  User Guide

DATASET  YouthShape Database 2026-06 (US Pop Synthesized) ¥ @ Pro key PUBLIC  Ciear

License v 2026-06-26

Feedback Contact

© Regents of the University of Michigan

Dimension
Explorer FILTER © 7

Q

BIVARIATE PLOT © v DISTRIBUTION BY GROUP ©

Age range (years)
Al points @
At least three years recommended

Body Weight Body Weight

Correlations 345678910M121314151617 = Browse all dimensions (42) @ Browse all dimensions (42)
Sex

A2 Growth Curves

Male Female © Both

Multivariate Grouping variables

Accommodation

REGRESSION @
Boundary Cases

Overlays
Linear
Smoothing

Quantile
Predict Y from X (linear)

Report

Body Weight (kg)
Body Weight (kg)

0 mm

1500

Stature (mm)

Stature Sex

O show legend

= Browse all dimensions (42) B Browse all dimensions (43)

db: YouthShape_2026-06-US_population age_range=3-17 db: YouthShape_2026-06-US_population

sex=both sex=both

v QUANTILE TABLES BY GROUP @

Body Weight (kg)

S TUMTR

Boxplot v

O show points

| 3
[ Y]

5

age_range=3-17

https://YouthShape.US/databrowser



YouthShape.US: Correlations

Correlations tab includes age adjustment,
scatter plots

DATASET  YouthShape Database 2026-06 (US Pop Synthesized) Pro key PUBLIC  Ciear

About User Guide License v 2026-06-26

Feedback Contact

© Regents of the University of Michigan

Dimension

Explorer COHORT @

A
|z Plotting & Analysis ge range (yaars)

Sex Ratio

v CORRELATION MATRIX @

3,801 subjects - Age-adjusted Pearson - 50% M/ 50% F - ages 3-17

3456 789101121314151617 DIMENSION
orrelations
Stature

A2 Growth Curves
AIF %F  50/50 %M

Multivariate

Accommodation METHOD ©

@ Boundary Cases O pearson

B Report Spearman (rank-based)

AllM BMI
Buttock-Knee Length
Waist Circumference, Omphalion
Pick a dimension to add to the matrix, or browse the visual menu.

ADD A DIMENSION Type to search.

Residualise on age @

© Cubic polynomial
3-knot cubic spline

AGE FIT: CUBIC POLYNOMIAL
Dimension R* RMSE
Stature 0915 69.0
BMI 0.340 43

Buttock-Knee
0904 303
Length

Waist

Circumference, 0.474
©Omphalion

S TUMTR

@ Browse all dimensions (42)

BMI
Buttock-Knee Length
Waist Circumference, Omphalion

db: YouthShape_2026-06-US_population  age_range=3-17  sex_ratio=50%M

COVERAGE
100%
100%
100%

100%

v BIVARIATE SCATTER @

Al points @

https://YouthShape.US/databrowser



YouthShape.US: Growth Curves

Quantile growth curves available for any

dimension

S TUMTR

Ye uthSha&g DATASET  YouthShape Database 2026-06 (US Pop Synthesized) ¥ @

PUBLIC  Clear

About  User Guide License v 2026-06-26
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DIMENSION v MALE — GROWTH CURVES @

Erect Sitting Height

& Browse all dimensions (42)

COHORT ©

Age range (years)

345678 9101121314151617

®
3
3

QUANTILES ©

Percentile curves to show

O1% Os3% @s% D%
@ 25% @so% @75%
Ooo% @oes% Oorn

O 99%

Erect Sitting Height (mm)
5
3
8

SMOOTHING ©

None — per-cohort empirical
Kernel — sliding window

o Spline — quantile regression
Kernel: Gaussian SD in years.

om0 Age (yr)

05 1 15 2 25 3

34567 8 910MN121314151617

db: YouthShape_2026-06-US_population  age_range=3-17

Spline: number of knots.
. smoothing=spline (-knot cubic)

v PER-COHORT EMPIRICAL QUANTILES @

Erect Sitting Height (mm)

7

https://YouthShape.US/databrowser

v FEMALE — GROWTH CURVES @

Erect Sitting Height (mm)

345678 91M121314151617
Age (yr)

db: YouthShape_2026-06-US_population age_range=3-17

smoothing=spline (5-knot cubic)

Feedback Contact



YouthShape.US: Multivariate Accommodation

Multivariate accommodation tab has
featu res for deS|gn Optim|zat|on %ggﬁ“}"g YouthShape oamaser  Youthshape Database 2026-06 (US Pop Synthesized) Prokey

PUBLIC  Clear

About User Guide License v 2026-06-26

Feedback Contact

© Regents of the University of Michigan

Dimension

Explorer COHORT O +  ACCOMMODATION @

. " Age range (years)
Plotting & Analysis O O
34567 8910M121314151617
Correlations
Sex Ratio
Growth Curves
AIF %F  50/50 %M AIM

e DIMENSION TYPE
Multivariate

Accommodation
< Upper v

Boundary Cases = Lower Vv

Report Both v

ADD A DIMENSION

854

weighted to 50% M/ 50% F - 3 constraints
M:82.8% - F:87.9%

UNITS

Pick a dimension to add as a constraint, or browse the visual menu,

Type to search..

& Browse all dimensions (42)

Reset bounds to 5th-05th | [[EITANSIERNEEIN © Target

@ Auto-bal : edit one di

the others @

Each variable equal bounds are g

db: YouthShape_2026-06-US_population age_range=3-17  sex_ratio=50%M

v ACCOMMODATION PLOT ©

Y Buttock-Popliteal Length

S TUMTR

M/F%
ACCOMMODATED

CUMULATIVE

% accommodation

Al points @

M / Disaccommodated

https://YouthShape.US/databrowser



YouthShape.US: Boundary Cases

Boundary case generation using PCA
based on either correlation or covariance

S TUMTR

s YOUTH
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DATASET

YouthShape Database 2026-06 (US Pop Synthesized) ~ @

User Guide License v 2026-06-26
Pro key PUBLIC  Ciear Feedback Contact

© Regents of the University of Michigan

Dimension
Explorer

Plotting & Analysis
Correlations
Growth Curves

Multivariate
Accommodation

© Boundary Cases

B Report

jn]

PCA SETTINGS ©

Normalize (z-score per dim)
Decomposition matrix

O covariance

Correlation
Number of PCs used for the envelope
© 2 (planar — 4 or 8 cases)

3 (ellipsoid — 6 or 14 cases)

Target accommodation (fraction)

0.95

COHORT & CASES ©

Age range (years)
3456789101121314151617

Sex Ratio

AIF %F  50/50 %M AIM

Compute M and F
separately
Drop cases inside the other
sex’s envelope

Boundary cases
Axes only

O Axes + diagonals
Include center

DIMENSIONS ©

Hip Breadth, Sitting
Elbow Rest Height

Buttock-Popliteal Length

ADD A DIMENSION

Pick a dimension to include in the PCA.

Type to search

& Browse all dimensions (42)

v BOUNDARY CASES @

Y  Elbow Rest Height

Elbow Rest Height (mm)

138 -469 mm

99 -264 mm

190 -592 mm

[ Transfer ranges to Accommodation tab ]

Z  Buttock-Popliteal Len.y 3D @ Square | All points @

M subjects

F subjects
@ Mcases
@ Fcases

— — Menvelope
— — Fenvelope
—— mepCt
- — MPC2
——FPC1
— — FpC2

databrowser



7]
YouthShape.US: Report

About  User Guide License v 2026-06-26

Downloadable PDF report generation
including plots, tables, and notes

x‘ YOUTH

YouthSha i
SHAPE aoutnONaPe oataseT  YouthShape Database 2026-06-imputed v 0 Prokey PUBLIC  Clear
e Feedback Contact © Regents of the University of Michigan

6 cells

Dimension & Download PDF

Explorer

Plotting & Analysis XYOXTH YouthShape Analysis Report

SHAPE © Regents of the University of Michigan
oy Unherseyof Michgon

Correlations

Growth Curves

Quantile tables — Body Weight
Multivariate
Accommodation Quantiles for Female

Sex N 1 50% 75%
@ Boundary Cases

B Report

7 36 53

Quantiles for Male

Sex N 2 50% 75%

M 36 55

db: YouthShape_2026-06-US_population  x=Stature  y=Body Weight ~ age_range=3-17  sex=both  grouping.vars=[] 2026-06-28T15:35:45+00:00

Stature by age

M ‘ UMIH' https://YouthShape.US/databrowser
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