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Fashion fit is a decision system, and this iswhere 3D earns its

place.

Fit gets validated in a fit session, on a fit model, in the fabric you are going to
cut. Al does not do that job, and 3D simulation does not do it alone. This paper
is direct about where the category has oversold fit validation, what 3D
genuinely contributes, and how to route each style to the evidence its risk

warrants. \
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SECTION 01

Executive summary

| does not validate fit, and 3D simulation does not validate it on its own. Fit gets
A settled in a fit session, on a fit model, in the fabric you are going to cut. That
distinction matters because the category has spent three years selling fit validation
while most of it cannot deliver fit validation. Sample budgets disappear into the gap

between those two claims.

Fit is the largest controllable cost line in apparel. Roughly half of every apparel return traces back to a
fit decision, and returns run near sixteen percent of US retail sales. Whatever a brand spends to get
that decision right competes against a cost base of that size, which is why the tooling question

deserves a clear answer rather than a sales pitch.

What follows is a working position on the whole question: what validates fit, what 3D simulation
contributes and the conditions it needs, how to route each style to the right evidence, the fourth kind

of evidence nobody has systematized, and the claims an honest tool should refuse to make.

(0] 02 03
Fit is the largest Visual and production Route each style to the
controllable cost line confidence need different evidence its risk warrants
Around half of apparel returns evidence A proven carryover and a new
trace to a fit decision made A garment can look right in a performance block should not
upstream. The cost base render and be impossible to run the same process. Match
dwarfs any tooling budget. cut, sew, or wear. Each kind of the evidence to the
confidence rests on separate consequence.
proof.

The rest of this brief turns that position into an operating rule you can lift into a season plan: what fit

is, how to prove it, when 3D pays, and a four-tier gate that routes each style to the evidence it needs.
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SECTION 02

The number worth
arguing about

Before the tooling debate, look at the money. Fit sits on the largest controllable cost line in apparel, and

these figures explain why the argument is worth having.

FIGURE VALUE SOURCE & CONFIDENCE

US retail returns, 2025 $849.9B, about 15.8 % of NRF and Happy Returns. High confidence
sales

Apparel ecommerce return rate 20% to 40% Multiple 2025 to 2026 benchmark datasets.

Medium confidence, definitions vary

Returns driven by fit and sizing 45% to 67 %, clustering near Coresight, NRF-derived and platform datasets.
50% Medium confidence

Cost to process one return $10 to $65 per item Reverse-logistics benchmarks. Medium
confidence

Physical Samp]e cost, fashion $450 to $5,000 per style Operating range across customer lines.

apparel Directional

Physical sample cost, firefighting $3,000 to $4,000 per Manufacturer interview, Jung, Porterfield and

gear garment Kwon, Fashion and Textiles, 2026. High

confidence, single source

Fit rounds per style, still typical 3to5 Industry norm. Directional

ROnghly halfofevery apparel return traces to Clﬁt ClCCiSiOTl

made months earlier, upstream, l’)y fOlU’ people in a room.

THE F* WORD - FIT & RETURNS

The figures vary by source and by how each dataset defines a return. They are graded here rather than rounded into a single
confident number, because anyone selling a fit product on one clean statistic is selling the statistic.
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A garment can look

right and fit badly

Generative Al produces a convincing garment image in seconds. It places a style on different models,
changes silhouette, tests colorways, adjusts length, and generates a campaign. For visual decisions it

is now the fastest tool available, and it answers questions like these well:

@ Does the silhouette match the brief?
€ Does the collection hold together, and which colorway moves forward?

€ How does the product read in a line review, and which concepts deserve technical development?

Those decisions once needed sketches, mockups, rough 3D, or an early sample. Al handles most of
that work now, at close to zero marginal cost. The image is still pixels, though, with no pattern
underneath it. It cannot establish armhole measurement, wearing ease, seam balance, grade rule, fabric
stretch, or sleeve mobility, because none of those things exist inside it. A garment can look excellent on

an Al model and be impossible to cut, sew, or wear.

WHAT THE RENDER SETTLES WHAT THE RENDER CANNOT SETTLE

Visual confidence Production confidence

¢ Silhouette matches the brief ¢ Armhole measurement and wearing ease
¢ The collection holds together ¢ Seam balance and grade rule

¢ Which colorway advances Fabric stretch and recovery

¢ How itreadsin aline review Sleeve mobility on a body

¢ Which concepts deserve development Whether it can be cut and sewn at all

Almost every disappointment with Al in product development comes from treating one kind of

confidence as the other.
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SECTION 04

Fit has four layers

In one line: fit has to answer four separate questions, and each one needs its own kind of proof.
Separate the four and the tooling question answers itself, because only two of them are within reach of
Al today.

LAYER QUESTION IT ANSWERS BEST EVIDENCE CAN Al ANSWER IT?

Does it look like the
brief?

Design intent

Do the measurements
make sense?

Specification fic

Can this pattern produce
this garment?

Pattern fit

Does it work on a body,

Reference, render, Al visual

POM table (points of measure), ease
(room to move), tolerance, grade rules
(how sizes step up), category standards

Seam-length compatibility, balance,
grain, notches, piece completeness,
grade nesting

Fit session, wear trial, wash test

Yes, and increasingly

well

Yes, with structured
product data

No. Requires pattern
geometry

No. Requires a

Physical fic
in this material?

garment
Pattern systems including Lectra, Gerber, Optitex, PatternFast and fashionINSTA operate in layer three.
3D simulation sits between layers three and four, producing extra evidence before fabric is cut rather

than replacing the physical fit session in layer four.

Most of the confusion in this market comes from vendors describing a layer-one capability in layer-
three language. A render that looks like a validated pattern is still a render, and the tooling question
stays unanswered until you name the layer you are buying evidence for. These four layers are the

questions fit must answer. The next question is how you answer them, and there are four ways.
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SECTION 05

Four ways to
prove fit

The four layers were what you check. These four methods are how you check. And here is the point

the market misses: three of these four run on data and rules. Only physics runs a simulation, so much

of fit can be established in software, with a body reserved for what truly needs one.

OI

02

03

04

By physics
Run a simulation of the pattern and read the result. The strongest method available, and the only one that
models the garment, gated on good fabric data and a realistic fit body.

By construction (math on the spec)

Build the pattern from the measurement chart by rule, so the numbers come out right by definition. Where
rule-driven patterns get thin is balance: shoulder slope, armhole shape, and how ease sits around a body
rather than how much of it there is in total.

By provenance (reuse known-good blocks)
Start from a block (a proven base pattern) that already passed fit and lock its settings. Excellent for
carryover and derivative work, and weakest exactly where a designer is doing something new.

By precedent (your own production history)

Predict fit risk from what happened before in your fabric, at your vendor, on your block. Data on what failed
last time.

Three run on data. One runs a simulation.

Physics models what should happen. Construction asserts it by rule. Provenance inherits
what passed once. Precedent records what happened repeatedly, in your fabric, at your

vendor, on your block.

Physics is the method the market oversells hardest, so the next pages look closely at what that

simulation really is, what it needs to work, and whether it pays.
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SECTION 06

What 3D simulation
does, and needs

What 3D really is

A 3D tool draws a picture of the garment from pattern and fabric data, and a person still
looks at that picture and judges it. It is a better-informed way to eyeball a garment before
cutting fabric: a preview for the eye that shows what a garment looks like in the round.

Judging real-body fit still takes a real body.

Underneath, 3D simulation is a physics solver. It takes graded pattern pieces, sews them on an avatar
(a digital fit body), applies measured fabric behaviour, and reads out drape, ease and strain (a stress
readout). Systems like CLO, Browzwear VStitcher, Optitex, Lectra Modaris, Style3D and TUKA3D do this

well. Four conditions have to hold, and most programmes stall on the second.

A production pattern

OI You cannot simulate without pattern pieces. The whole thing is a data exercise, and the output is only as
trustworthy as the pattern geometry and fabric data fed in. An image-derived 3D with no real pattern
produces a confident-looking picture with nothing underneath it.

Credible fabric data

02

The solver needs measured fabric behaviour: weight, thickness, bending, stretch, recovery. Brands
routinely carry libraries above a thousand materials, and testing each is slow and costly. Accuracy for
standard wovens and knits runs in the mid-eighties to mid-nineties percent range, but only when
materials are properly digitized. Without that data the solver runs on defaults, and a default is a guessin a
lab coat.

o An avatar that resembles your fit body
3 Two people with identical bust, waist and hip can differ in posture, shoulder slope, torso proportion and
mass distribution. A generic avatar validates against a generic body.

Someone who can read the output

04 The solver produces data: drape, ease and strain maps (stress readouts). A trained technical designer still
reads that data on screen and decides whether a red zone means intended compression, too little ease,
or a simulation artefact. The final step is a person inspecting a picture, which is why 3D previews a
garment for the eye rather than validating its fit.

A fifth condition nobody prints: the 2026 Fashion and Textiles study of firefighting gear doubted

whether strain outputs mean much for garments built with large intentional ease, since those readings

THE F* WO.RD - HAT 3D SIM.ULATIO QES 07
were deS|gnedv¥or c ose—thng ¢lo Ing.



Does 3D pay for

your business?

Even where 3D works, it does not pay for every business. Two conditions decide it: how much friction

sits in your sampling loop, and whether your fabric library is digitized.

FIG 1
ROUTE THE INVESTMENT BY SAMPLING FRICTION AND FABRIC DATA

SELECTIVE BUILD
Use 3D selectively Build the capability
1, 9 New blocks and extended Where simulation pays and
a s sizing only. Physical where the case studies
N stays primary. come from.
=
)
a PAYOFF ZONE
>
3
<
[
m SKIP FIRST
-
o Skip 3D Digitize first
x
: o Al visual, spec and pattern Buying licences before
™ = validation, then one fabric data is the fastest
controlled physical sample. way to waste the budget.
Low High

SAMPLING FRICTION >

The skip quadrant holds more brands than the industry admits. When a small production run costs less than digitizing a

material [ilnurﬂ\" the run is the test.

High sampling friction with a digitized library is where simulation pays and where the case studies
come from. High friction without the data means digitizing first, since buying licences before fabric
data is the most common way to waste the budget. Low friction with a digitized library supports
selective use on new blocks and extended sizing, with physical staying primary. Low friction without

the data points to skipping 3D altogether.

For the businesses where 3D does belong, the tool is only half the job. The programme still has to

survive contact with the workflow, and that is where most of them stall.
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Why 3D programmes

fail

The failure is rarely the software. It is almost always the workflow around it. Four patterns account for

most stalled programmes.

4 3D gets added as an extra step. A designer creates a concept, the patternmaker develops the
pattern, a 3D specialist rebuilds the garment, the designer reviews the simulation, the supplier still
makes samples, and the technical team still runs its fit session. Nothing was removed, so the
company added software, headcount and a handoff. 3D returns capital only when it removes a
sample, a pattern iteration, a sales prototype, an approval round, or a photoshoot.

4 Accurate inputs arrive too late. Early in development, pattern, construction, fabric, trims and size
logic are all still moving. By the time every input is credible, the supplier is often ready to sew the

first sample anyway.

4 Organizational slack is the real gate. The same 2026 study found only two of six manufacturers
had adopted the technology, with one participant citing an annual licence quote of $13,000 as hard
to justify against a workflow that already functioned. Cost came up with every participant, and
training time was the second constraint. Neither is a software problem.

4 Material simulation has a hard edge. Basic wovens and knits simulate well with calibrated inputs.
Tailoring, padding, bonded structures, lingerie, corsetry, multilayer protective assemblies, unusual
knits and heavily washed fabrics do not.

$13,000 20f6 85-95%

Annual licence quote one Manufacturers in the study that had Accuracy for standard wovens and
manufacturer called hard to justify adopted 3D knits, when properly digitized
FASHION AND TEXTILES, 2026 FASHION AND TEXTILES, 2026 COMMONLY QUOTED RANGE

The way past all four traps is the same: decide what evidence a style deserves before you spend it, so

3D is aimed only where it earns its cost. That routing is the job of the fit-risk gate.
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SECTION 09

The fic-risk gate

Two things decide how much evidence a style deserves: how new its pattern is, and how badly it fails if
the fit is wrong. A proven block whose worst case is a cosmetic miss (carryover) needs little more than
a visual check and a spec check. A proven block that still has to perform adds a physical wear test. A
new silhouette whose failure is only cosmetic needs full pattern validation and a first sample. A new
block whose failure is functional earns everything: pattern validation, physics-based 3D, fabric
calibration, and wear testing. Most brands run every style the same way, over-validating carryover and
under-validating new performance, which is the expensive mistake in both directions. The gate below

turns that judgment into four tiers, so each style is routed by rule before it consumes evidence.

EXAMPLES REQUIRED EVIDENCE

® Green New colourway, print, trim, or minor Al visual approval, spec check, No
detail on an accepted block and confirmation the block is unchanged
fabric

Yellow Modified sleeve, hem, neckline, Updated pattern validation, POM and Optional

pocket, or length grading check, technical review

° Orange New block, unfamiliar stretch fabric, Full pattern validation, fabric calibration, Recommended
extended size range, significant technical fit review, first physical sample

volume change, fitted silhouette

® Red Activewear, compression, tailored Physics-based 3D, physical fit sample, Required
structure, corsetry, protective wear or movement testing, construction
clothing, complex outerwear, novel review, material performance validation
materials

A brand shipping 300 styles a season typically finds 60% to 75% of them sit green or yellow, needing

no simulation at all. Simulate all 300 and you are funding evidence nobody uses.

Route by rule, before you spend

The gate is the whole discipline in one table: match evidence to consequence, aim 3D at
orange and red, and stop paying to validate what a visual check already settles. That leaves
one harder problem: the method nobody has systematized, which the next section takes

up.
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SECTION 10

The evidence nobody

systematizes

Physics, construction and provenance are all well served by mature tools. The fourth method,
precedent, is the one no one has turned into a system, and it is the one every brand already owns.
Precedent is a brand's own production history: what failed last time, in its fabric, at its vendor, on its
block.

That history exists as memory. Fit comments, sample review notes, first-sample approval outcomes, the
block that failed twice in a stretch woven, the collar that draws the same comment every season, the
grading that held to XL and broke at 2XL, the vendor who executes one seam type badly. It sits
scattered across email threads and spreadsheets, and it leaves when people leave. Turned into a

system, precedent does two useful things.

Gap detection before the pack ships

Ol A missing lining BOM line, a zipper with no trim entry, a pocket with no construction note, a graphic
crossing a side seam with no placement map. A meaningful share of failed first samples are specification
failures recorded as fit failures, and they are preventable at zero marginal cost.

02 A prioritized fit session rather than a replaced one

The useful output is a short list: the handful of points on a style to measure first, because similar blocks
failed at those points before. The fit session stays, and each one carries more information than the last.

The limit, stated plainly

Precedent needs history. A new category, a new block, a new vendor, and the system has
little to work with. An honest tool labels its confidence plainly there instead of generating a

number to fill the space, and that limit is worth naming before a demo hides it.
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An honesty test
for Al fit tools

The category has sold fit validation for three years, and most tools cannot deliver it. Here are the five

claims you will hear on a demo, the honest version of each, and the standard worth holding every

vendor to.

THE CLAIM YOU'LL HEAR THE HONEST VERSION

"The Al gives you factory-ready tech packs." A generated tech pack is a starting draft until a technical designer
approves it. Treat every export as guidance, not a green light to cut
fabric.

"Our 3D validates fic." Image-derived 3D is a preview for the eye. It shows what a garment
looks like in the round, useful for line review and vendor conversation,
and it cannot tell you whether the garment fits a body. No picture can.

AL replaces physical sampling." The fit session stays. The honest goal is fewer rounds, and that is the
number a vendor should be measured on.

"We generate a full POM for any Style." A measurement you cannot source is a guess. Where the data is
missing, the field should stay empty and the tool should tell you what it
needs.

"AT has solved fic." It has not. It has made the surrounding work fast and cheap, so
technical designers spend judgment on the part that still needs
judgment.

The standard that separates the two

Every line in the right column is a standard any serious tool should accept being measured
against. Any vendor can build a confident demo. The tool worth buying is the one that says
plainly where it stops, and hands the rest to the people who still have to sign off on the

garment.
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SECTION 12

Three questions to
ask any vendor

The frameworks above reduce to a short due-diligence test. Three questions separate a tool that
produces evidence from one that produces a confident-looking picture. The answers tell a buyer more

than any demo, most of all on a style with no history, where a tool either says so plainly or invents a

number.

oI Where does the pattern geometry come from?
A simulation built on an image-derived shape is a picture in three dimensions, not a validated pattern. Real
3D evidence starts from production pattern pieces, so the honest answer names where those pieces
originate.

02 What fabric data does the simulation run on?

Without measured fabric mechanics, the solver falls back on defaults, and a default is a guess in alab
coat. The answer worth hearing states which materials are digitized and how they were tested.

What happens on a style with no history?

03 Precedent needs history. An honest system says so plainly instead of generating a number to fill the
space, and shows its confidence label dropping where the record runs thin.

Evidence, or a picture

A tool that answers all three cleanly is producing evidence. A tool that deflects is producing
pictures, and pictures do not survive a fit session. The three questions cost nothing to ask

and settle most of the diligence a buyer needs.
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SECTION 13

Where this goes

The four capabilities are not competing. They are evidence types with different costs, different

latencies and different failure modes.

Al reads design intent and searches institutional memory. Pattern systems establish geometry,
measurement and construction integrity. 3D simulates behaviour when the pattern, fabric and body
data justify the effort, and because it ends in a technical designer inspecting the solver's data on
screen, it stays a preview for the eye and leans on the quality of that input data. Physical testing

resolves what remains for high-risk product.

Made by rule, not by volume

The thing worth building is the layer that decides which evidence each style needs, attaches
it to the product record, and feeds every correction back into technical memory. A proven
carryover should move in hours. A new performance block should trigger the full stack.

Both decisions should be made by rule, not by whoever is loudest in the review.

Fit, seen this way, is a decision system: a risk and evidence framework attached to the product record,
with 3D as one validation route inside it. Its value rises when the inputs are credible and the output

replaces real work.

The goal is a stronger first production decision, supported by the minimum

€Vid€IlC€ that garment actually requires.
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KEEP READING

Further reading

Part of a series on Al in fashion from The F* Word.

Outdated Tools, Outspaced Brands

Where the analog back office costs fashion brands speed and margin.

How Agentic Al Is Transforming Fashion Brands

The modern Al fashion stack across concept, development, and execution.

The Enterprise Trust Blueprint

Adopting Al in fashion without losing control of IP, data, or brand.

Getting Real Results from Al in Fashion

Judging Al by the deliverables that move product.

The Hidden Cost of Pay-Per-Use Al Pricing

Why usage-metered pricing lands on your P&L.

The Agentic Al Rollout Playbook

Sequencing adoption agent by agent, gated on evidence.

Read the series

Each paper takes one decision a fashion team faces when adopting Al and works it through

with graded evidence and stated limits. Find them all at thefword.ai.
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THE COMPANY

About The F* Word

THE F"Wﬂnﬂ::iw;:‘";.m.m

The F*x Word is an Al-native fashion platform. It creates editable tech pack drafts in eight to ten minutes
and connects the four stages of a product's path: creative direction, production readiness, product
launch, and supplier handoff. It generates designs, moodboards, technical specifications, and product
visuals from a trend signal or a design brief, and keeps every asset in one workspace.

This paper's thesis runs through the product. Fit is a decision system, so software should route each
style to the evidence its risk warrants and work the precedent layer, a brand's own production history,
that no tool has yet systematized.

75% 60% 17,000+

fewer physical samples less inventory risk fashion professionals on the
platform
WEB EMAIL ENTERPRISE
thefword.ai info@thefword.ai cal.com/thefword/enterprise

See how the fit-risk gate and the precedent layer work on your own styles.

Book a Demo -

Return and sampling figures in this paper are compiled from NRF and Happy Returns 2025 data and several 2025 to 2026 returns-
industry datasets. Firefighting gear and adoption findings are from Jung, Porterfield and Kwon, Fashion and Textiles 13:22, 2026.
Sample costs and round counts marked directional are operating ranges across customer lines.
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How to read this paper

The frameworks here, the four layers, the four methods, the friction-and-data matrix, and
the fit-risk gate, are meant to be lifted into a season plan and used to route each style to
the evidence it deserves. The numbers are graded on purpose, so a reader can weigh them

rather than take them on faith.
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IN CLOSING

A stronger first production
decision, on the minimum
evidence that garment
truly requires.

Route each style to the proof its risk warrants. Keep your fit sessions, and

give each one more information than the last.

APP WEBSITE EMAIL ENTERPRISE
app.thefword.ai www.thefword.ai info@thefword.ai cal.com/thefword/enterprise
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