The Upper
Hand
Consumer hand simulations
are shaping the future
of product design at Procter
& Gamble.
Designing a product that 1 billion people will touch
takes a lot of work. Consider Procter & Gamble, the
world leader in consumer packaged goods, which
claims an audience of 5 billion people worldwide.
People have to use their hands to interact with any
product they make, whether it’s twisting a cap, squeezing a bottle, or flipping a top. But humans come in all
shapes and sizes. Just consider the difference in hand
strength between an elderly woman and a young, male
rock climber, and all the capabilities in between. How
do you ensure that a huge, diverse audience will be
able to use what you make?
P&G’s first patent was granted in 1841, and the
company has continued to pursue innovation in its
products as well as their delivery and packaging. In
the last decade, though, P&G’s rate of innovation in
packaging has become exponential. That’s because it is
now possible to test products virtually on a wide range
of hands, turning what used to be years of prototyping
and consumer testing into a few days’ work.
The new ability to conduct complex simulations of
human physiology is also transforming how products
are designed. While the human brain can only consider three or four variables at a time, computers can
handle dozens of variables simultaneously, consider
combinations that most people would never be able
to get to, and return insights that would be otherwise
impossible to generate. At P&G and other companies
embracing simulation as a crucial stage of design,
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this computing power allows them to
consider a huge number of variables
and test hundreds or thousands of
design iterations in order to find the
best solution for consumers.
“It would be impossible to find
and engage 1,000 people of different strengths, ages, and weaknesses
to test out a bottle,” says Mark Meili,
research and design director of P&G’s
Modeling and Simulation Global Capability Organization. The company has
been interested in virtual simulations
since the 1990s, but it wasn’t a practical endeavor until computers became
faster and cheaper in the 2000s.
Formed about eight years ago, the Modeling and Simulation team now includes
about 40 engineers, biomedical experts,
computational chemists, and biologists,
all making products easier for consumers to interact with.
The hub of P&G’s global packaging
development force works in the Beckett
Ridge building in suburban Cincinnati.
And within the modeling and simulation
team, says Meili, “Lauren Banzhaf is the
hand-modeling and ergonomic expert in
all of P&G.”
In a two-person office in the heart
of the Beckett Ridge building, Banzhaf
shares an office with another senior
scientist, Gary Gross, and a skeleton
wearing a cowboy hat and Mardi Gras
beads. On her desk are six latex casts of
hands that represent a range of sizes.
The hand, so vital to accessing the
products P&G makes, is incredibly
complex, with 27 bones and dozens of
muscles, tendons, and joints. “In the
modeling realm, the hand remains one
of the most underrepresented areas
for development because it’s incredibly hard,” Gross says. “There are great
models of the human heart, human
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joints, spine, foot, but not the hand.
Hand modeling is in its infancy compared to where we want to take it.”
Banzhaf’s title is senior scientist/
engineer for virtual consumer biomechanics, and although she spends much
of her time at the computer, she also
works closely with the consumer testing
teams. She’s a biomedical engineer by
training, with a heavy side of industrial
design. The main tool in her belt is
SantosHuman’s digital human modeling
environment, a biomechanics simulator that grew out of the University of
Iowa’s Virtual Soldier Research program, the gold standard in predictive
posture modeling. Banzhaf can drop
in a CAD prototype of a product and
select a virtual consumer to interact
with it, assigning a goal such as pouring
or lifting. Then she can watch how the
posture changes and measure the joint
torque to determine if one product is
easier to use than another.
The Modeling and Simulation team
wants to eventually have the hand fully
modeled in terms of the skin as well
as kinetics to determine how a grip
changes the surface of the skin and
even to predict feelings of softness or
texture or discomfort.

previous pages: Six latex
models represent various
hand sizes of P&G consumers. opposite: Using
SantosHuman software,
P&G can simulate hundreds of hands of different
strengths, ages, and sizes.

Human-product interactions can take
many forms: picking it up, flipping a
cap, squeezing, pouring, turning a cap,
pulling the trigger on a sprayer. The
software simulates in real time the
interactions of consumers of different
sizes, strengths, genders, and other
variables. “Rather than having to get
the consumers in the building who
match the exact hand sizes, we build
models to test with,” she says. Hand
sizes, finger length, muscle strength—all
of these variables differ by age, gender,
and world region. “We’re designing for
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P&G scientist and engineer
Lauren Banzhaf combines
the live measuring and
testing of joints with intensive simulation.

the 5th and 95th percentiles,” Banzhaf
adds, from the smallest, daintiest hands
to the most massive.
When Banzhaf is analyzing consumer
motion, she’ll watch as the program
runs, looking for things like when a
consumer reaches a joint limit, which
is very fatiguing. “If I raise my hand in
class to ask a question, I’ve reached the
joint limit for my shoulder,” she gives
as an example. “I start to fatigue pretty
quickly, and I might use my other hand
to support it.” She’s also watching for
weird angles and uncomfortable bends.
When she is measuring joint torque,
muscle force, or other metrics in order to
compare a product’s results with ergonomic standards, she lets the program
run and analyzes the data afterward.
Then she’ll present the most important
takeaways to the design and product
teams with her recommendations.
Historically, package design focused
on ensuring the product didn’t leak
out. But the performance aspect of
the packaging has become equally
important—if a cap is difficult to get
off, consumers won’t want to use the

product at all. “Before a consumer even
has the chance to use our product, they
will create an impression of it simply
by picking it up and trying to open it,”
Gross noted in a talk at the University
of Iowa. That initial interaction can be
comfortable or uncomfortable, Meili
notes, “and that has to do with the force
generated in arms and hands necessary
to complete the action. Comfort has
become a science.”
One simulation with one hand and
one package generates hundreds of
gigabytes of data. In addition to the
academic and commercial biometric
databases they use, the team is developing vast libraries of their own data
from user testing. Though the computer does the data-crunching, human
analysis remains vital to creating useful
interpretations.
The iteration process at P&G flows
both from design to data and from
data to design. “People have a fear that
computation will replace humans, but
that’s not at all the way this is happening,” Meili says. “It’s not a substitute;
it’s a tool to get better results.”

“Before a consumer even has the
chance to use our product, they will
create an impression of it by picking
it up and trying to open it, and that
has to do with the force generated
in arms and hands.”
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“You increase your batting average
because you can try so many
things. We’re asking questions
that we didn’t even know to ask
before.”
Banzhaf’s expertise makes her very
in-demand in the organization, but Meili
wants to spread the wealth of knowledge. “We have to move from computer
simulation being a realm of some nerds
in a back room to a way that a large
percentage of our scientists do at least
a portion of their work,” he says. “For
answering certain types of questions,
you don’t need that high level of expertise. In a couple of days you can teach
someone to do those basic evaluations.”
Sometimes consumers are experiencing
unspecified ergonomic problems with a
product, and it’s Banzhaf’s job to figure
out exactly what’s wrong. Other times,
a design group comes to the Modeling
and Simulation team early in the process, and it will virtually evaluate 12 or
15 or 20 designs to identify the top two
or three iterations to prototype and test
with real live consumers. “We can identify consumer tension points early and
design around them before taking it to
the consumer,” Banzhaf says. “It’s great
if a number [in SantosHuman software]
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tells me it’s bad, but if a consumer can’t
confirm with me the number is bad,
that’s meaningless. Where on the scale
of bad is it?”
Many of the improvements P&G
is making to packaging are virtually
invisible to consumers, but tiny tweaks
to caps to improve opening forces, or
minute adjustments to the opening
force on a trigger or button, can feel like
huge improvements. In the liquid laundry detergent space, there’s a push for
bigger “club-size” packages. But can you
pour just one dose out of a 6-liter package rather than a huge glug? Can you
even lift the bottle? The simulation will
tell—and it will help. “You increase your
batting average because you can try so
many things,” Meili says. “Because of
things we can calculate now, we’re asking questions that we didn’t even know
to ask before.”

The first thing a consumer
may notice about a package is how it feels in their
hand, or how easily it can
be opened.

