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Cognitive Systems Engineering Consortium Formed

Several membersof the Institute for Ergonomics have
joined the Cognitive Systems Engineering Consortium.
CSEC officially began in the autumn of 2003 as part of
the Wright Brothers I nstitute.

The purpose of the Consortium is to organize cogni-
tive systems engineering professional sand promote their
work to government and industry.

Organizations currently a part of the Consortium in-
clude Ohio State's Ingtitute for Ergonomics, the Psychol-
ogy Department at Wright State University (Dayton,
Ohio), thelndustrial & Systems Engineering Department
at Georgia Institute of Technology (Atlanta, Georgia),
Klein Associates (Fairborn, Ohio), Riso Nationa Lab
(Denmark), and the University of Linkoping in Sweden.

A kickoff Computer Systems Engineering workshop
was held October 29" - 31%, 2003, which attracted ap-
proximately 200 regional, national, and international par-
ticipants.

Severa Institute members gave lectures at this work-
shop. They included:

» David Woods, Supporting Cognitive Work and
Future of Collaborative Work

» Phil Smith, Nadine Sarter, and James Tittle,
Building Expertise

Abstracts of the presentations given at the CSE Work-
shop can befound at: www.cognitive-systems.org/work-
shop/.

“Technology continues to greatly enrich our
lives, increasing our ability to manage complex
data, and in many cases enhancing productivity.
However, not all of the promises of technology
have been realized (e.g., paperless offices,
increased leisure time, and increased safety).
Automation systems that were intended to
empower humans often overwhelm us with data,
surprise us with unexpected actions, and impede
our understanding of situations. The result is
that we are beginning to reassess the relations
among humans, science, and technology.
Cognitive Systems Engineering is an emerging
discipline that integrates across the classical
disciplines of cognitive and engineering sciences
with the goal of a deeper understanding of socio-
technical systems. It is hoped that this
understanding will contribute to the design of
systems where humans are empowered to adapt
creatively to the demands of an increasingly
complex world.”

Americans Feel Immune to
Workplace Injuries

Morethan half of all working Americansdon’t think a
workplaceinjury will happen to them, according to a2003
study released by Missouri Employers Mutual Insurance
(MEM), Missouri’'s largest writer of workers
compensation insurance.

StrategyOne of Chicago conducted MEM’ sworkplace
attitude study. The telephone survey was completed
among a national sample of employed adultsin March,
2003. The margin of error on a sample of 614 is +4
percentage points.

continued on page 7
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In October, 2003, Stuart Zweben spoke on
The Changing State of Computing at the
Northwest Ohio Computer Science
Conferencein Bowling Green, Ohio.
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In November 2003, William M arraswas
inducted into the Wayne State University's
College of Engineering Hall of Fame. This
award is given to distinguished engineer-
ing aumni who have made significant
career achievements.
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David Woods received a $585,000 re-
search award from NASA. This project
will begininJune, 2004 and run through
September, 2006.

K/
L X4

Stuart Zweben isthe Principal Investigator of a grant
totaling nearly $60,000, which was received from the
Honda Research Institute USA, to study Advanced
Research Trends of Computer and Information
Science. This project, begun in July 2003, will run
through June, 2004.
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Emily Patterson has become an
Advisory Board Member for ECRI’s
Health Technology Forecast, which
_ identifies developing healthcare
.| technologies and those soon to emerge
from the research pipeline into the
marketplace. ECRI (formerly the Emergency Care
Research Institute) is an independent nonprofit health
services research agency, whose mission is to promote
the highest standards of safety, quality, and cost-
effectivenessin healthcare to benefit patient carethrough
research, publishing, education, and consultation.
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ABET and Software Engineering Education was the
focus of a presentation given by Stuart Zweben at the
Frontiers in Education Conference in Westminster,
Colorado (November 2003).
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PUBLISH

Newly released
publications
written by Institute
members include:

Mistaking Error, David D. Woods
andRichardl. Cook, inB. J. Youngberg
and M. J. Hatlie (Eds.), Patient Safety
Handbook, Jones and Bartlett, 2003.
Securing the Future of U.S. Air
Transportation: A System in Peril,
David D. Woods (member of the
Committee on Aeronautics Research
and Technology for Vision 2050, Studies
and Information Services, National
Research Council), Nationd Academies
Press, Washington DC, 2003.
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Under standing the Complexity of
Registered Nurse Work in Acute
Care Settings, Patricia R. Ebright,
Emily S. Patterson, BarbaraA. Chalko,
and Marta L. Render, Journal of
Nursing Administration, 33(12), 630-
638, 2003.

Using Observational Study asa Tool
for Discovery: Uncovering Cognitive
and Collaborative Demands and
Adaptive Strategies, E. M. Roth and
Emily S. Patterson, inH. Montgomery,
R. Lipshitz, and B. Brehmer, (Eds.),
How Professionals Make Decisions,
Mahwah, NJ: Lawrence Erlbaum
Associates, 2004.
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Why Pilots Miss the Green Box:
How Display Context Under mines
Attention Capture, Mark . Nikolic,
James M. Orr, and Nadine B. Sarter,
The International Journal of Aviation
Psychology, 14(1), 39-52, 2004.

7
L X4

Selected Research Abstracts

Message Overload from the Inbox to Intelligence
Analysis: How Spam and Blogs Point to New Tools

David Tinapple and David D. Woods
Abstract: Patternsof responsesto messageoverload” canbeseenin
thewaysin which people adapt messaging systemsand capabilities.
Bloggingisan effectiveand increasingly popular decentrdized form of
group communication that isproving useful in helping peoplefind and
sharewhat isinformative. Welook to bloggingfor cluesto new solutions
tothe problem of “ dataoverload” intheworld of email. Thesedesign
solutionsto email overload go beyond effortsto block spam, and are
based on shifting the basi c unit of organi zation toward communication
relationshipsthat dlow patternsin communicationstoemerge.
Comparing Findings from Cognitive Engineering
Evaluations

Emily Patter son and José Orlando Gomes
Abstract: Cognitive engineering evaluationsare broader in scope
than the more common usability test. In particular, organizational,
team, and contextual factorsthat impact system“ usefulness’ arein-
corporated. Inthispaper, we propose aframework of factorscom-
monly considered in cognitive engineering eva uationsand illustrate
the use of theframework in comparing findingsfrom eval uations of
twotools: HIV clinical remindersand asearch and browsetool for
intelligenceandydts.
Differences in the Use of Bar Code Mediciation
Administration in Acute Care and Long-Term Care
Settings

Emily Patter son and Roger Chapman
Abstract: Inthispaper, we explore how the use of asoftware pack-
age, Bar Code Medication Administration (BCMA), differsinacute
careand long-term care settings. Direct observation of BCMA use
during medi cation admini stration was conducted on acute careand
long-term carewardsinasmall, medium, and large hospital. The
following differenceswerefoundfor al threehospitas: 1) Acutecare
ward nurses used more detailed printed reportsto plan medication
passes and detect errorsin ordering and dispensing than on thelong-
term carewards; 2) Barcoded wristbands were scanned morefre-
quently toidentify patients on acute carethan long-term carewards
(53%vs. 8%); and 3) Nurses administered medicationsimmediately
after scanning and opening medi cation packets more frequently on
acute care than long-term carewards (93% vs. 23%). Thefindings
highlight theneedtotailor the BCMA softwarefor thelong-term care
setting in order to improve patient safety.
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HFES Activities

Student HFES Chapter Begun

Ergonomics graduate students at Ohio State have
established astudent chapter of the Human Factors &
Ergonomics Society. Thenewly dected officersare:

* Bill Hess, President

» Sahika Vatan, Secretary/Program Chair
« Jeff Hoyle, Treasurer

*Molly Water s, Webmaster

Dr. Carolyn Sommerich and Dr.
Gary Allread are currently serving as
chapter advisors.

There are currently 27 members.
More details, including upcoming
eventsand membership information,
can befound on the chapter’snewly created web site,
http://hfes.org.ohio-state.edu.

®

Institute Participation at the 47" Annual HFES Meeting

Membersand sudentsof thengtitutewerevery active
at the 47" Annual Mesting of the Human Factorsand
Ergonomics Society, held October 13™ - 17, 2003,
inDenver, Colorado. Theirinvolvementissummarized
bel ow, with Ingtitute members namesin bol dface.

Panels
Human Factors Challenges in Future Air Traffic
Management
Raja Parasuraman, Earl Stein, Philip J. Smith, and
Kevin Corker
Human-Robot Coordination
Rene de Pontbriand, Jean Scholtz, David D. Woods,

Sue Archer, Mica Endsley, and Alan Schultz
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Importance of Ergonomics for the Aging Worker
James Grosch, Don Chaffin, Mark Redfern, William
S. Marras, and Sara Czgja

Lectures

The Cognitive Engineering of Everyday
Activities

Lawrence Shattuck and Jodi Obradovich
Compression and Shear Loads on Lumbar Spine
Motion Segments in Neutral and Flexed Postures

Sean Gallagher, William Marras, Alan Litsky, and

Deb Burr
Converging on Error Management: A Review
of Current Findings and Future Needs

Mark |. Nikolic and Nadine B. Sarter
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Design Concepts for Distributed Work Systems:
An Empirical Investigation into Distributed
Teams in Complex Domains
Jodi Obradovich and Philip J. Smith
The Effects of Personality Type and Stress on
Muscle Activity during Simulated Work Tasks
Naomi Glasscock, Gary Mirka, Carolyn M.
Sommerich, and Katherine Klein
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Elicitation by Critiquing: An Exploratory Study
Janet Miller, Emily S. Patter son, andDavid D. Woods

Estimation of EMG Activity of Trunk Muscles in

Manual Lifting Tasks Based on Trunk Dynamics

Using the Fuzzy Relational Rule Network
Waldemar Karwowski, Adam Gaweda, William S.
Marras, Kermit Davis, and Jacek Zurada
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How Are We Doing? Presenting System Confi-
dence Information to Support Trust Calibra-
tion and Adaptive Function Allocation

John M. McGuirl and Nadine B. Sarter
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Message Overload from the Inbox to Intelligence
Analysis: How Spam and Blogs Point to New Tools
David Tinapple and David D. Woods

Symposia
The Messy Details: Insights from Technical Work

Studies in Health Care
Richard Cook & David D. Woods

A Summit for g
People & \

Technology
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In November, 2003, Roger Chapman took a new
jobwith CHI Systems, Inc. Hewill beworking asa
Senior Cognitive Engineer in Fort Washington,
Pennsylvania, just outsdeof Philadephia. Roger'sinitia
assignment will be to work on a Close Air Support
training gpplicationfor theNavy. Over time, heexpects
to work in multiple domains (such as working on
military, aviation, and medicd gpplications), conducting
cognitivetask and cognitivework analysis, aswell as
developing systems for both training and decision
support that arerealistic, useable, and useful. Roger
can now be reached at 215-542-1400 or
rchapman@chisystems.com.

Graduate Student News

New Student

Riley Splittstoesser
(splittstoesser.1 @osu.edu)
Advisor: William S. Marras
Hometown: Urbana, Illinois

Sean Gallagher successfully defended hisdoctoral
dissertation and graduated during Autumn quarter, 2003.
Thesubject of hisresearchwas" Effectsof Torso Flex-
ion on Fatigue Failure of the Human Lumbosacral

Spine” Dr. Galagher’sadvisor wasDr. WilliamMarras
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Under advisor William Marras, K evin Butler gradu-
ated with hisMasters degree during Autumn quarter,
2003. Histhesiswastitled, A Regression Model for
Predicting Peak Compressive Spine Loads during
Asymmetric Lifting Tasks for Inexperienced Lifters
Over the Course of a Work Day.
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Erich Theado successfully defended hisMastersthe-
sisand graduated during Autumn quarter, 2003. His
thesiswas, “ Modification of an EM G-Assisted Biome-
chanica Modd: For Pushing and Pulling Applications.”
Erich’sadvisor wasDr. William Marras.
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Research Corner

Thisissueof the Bulletin
summarizesresear ch conducted by
recent graduates

Effects of Torso Flexion on Fatigue
Failure of the Human Lumbosac-
ral Spine

Sean Gallagher, PhD
Advisor: William S. Marras

Dissertation Abstract

Twelve fresh, frozen lumbosacral spines were dissected
into three motion segments (L -L, L.-L ,, and L .-S)). Care
was taken to reproduce the postures, spinal loads, and load-
ing rates associated with lifting a 9 kg box in three torso
flexionangles.

An EMG-assisted model was used to develop loads and
load rates at three torso flexion angles (0, 22.5, and 45
degrees). Motion segments were randomly assigned to
torso flexion postures using a partially-balanced incom-
plete block design.

Specimens were potted in trays containing polymethyl-
methacrylate, with proper flexion angles being confirmed
using multiple radiographs during fixation. Motion seg-
mentswere placed in ahumidified environmental chamber
at 37 deg C, creep-loaded for 15 minutes, and then repeti-
tively loaded at 0.33 Hz (up to 10,000 cycles) using an
MTS servohydraulic test frame [Bionix 858, MTS Sys-
tems, Eden Prairie, MN]. Failure was defined as displace-
ment of the specimen by 10 mm (after creep loading).

Torso flexion angle had an immense impact on fatigue
life (p <0.0001). Motion segmentsloaded in the O degree
condition averaged 8,253 cyclesto failure (+ 2,895), speci-
mens at 22.5 degrees lasted 3,257 (+ 4,443), while those
at 45 degrees lasted an average of 263 (+ 646) cycles. No
differencesin fatigue life was observed by lumbar level or
flexionx level interaction (p > 0.05).

L ogistic regression uncovered associ ations between spe-
cific damage patterns and loading and/or motion segment
characteristics. As examples, stellate endplate fractures
were associated with less degenerated discs (p < 0.01)
and increased shear forces (p < 0.05), whilelateral endplate
fractures were seen in larger segments (p < 0.01). Dam-
age to facets was more common at O degreestorso flexion
(p < 0.01). Results of this study imply greatly increased
risk of fatiguefailure of spinal tissueswhileliftingin flexed
torso postures.

continued on page 6



Modification of an EMG-Assisted
Biomechanical Model: For Pushing
and Pulling Applications

Erich Theado, MS
Advisor: William S. Marras

Thesis Summary

The goal of this study is to modify an EMG-assisted
biomechanical model to be more sensitive to tasksinvolv-
ing pushing and pulling. The modified model hasbeen used
in numerous studies to evaluate a variety of lifting tasks.
Thisincreased sensitivity will result from changesin muscle
geometry and modeled muscle physiology.

As the spine deviates from the neutral upright posture
musclelength undergoes|engthening or shortening depend-
ing on its orientation relative to the spine. These changes
affect the muscle's ability to produce force and counter-
act external loads, which is known as the muscle's length-
strength relationship. A muscle's length-strength has been
proven to vary depending on the architecture and geom-
etry of the muscle. This has strong implications when
modeling muscles for spine loading predictions.

Muscle area and geometry modification were made to
an existing EMG-assisted free dynamic model. These
modificationsrender the current empirically derived length-
strength relationships invalid because they were based on
preexisting muscle geometry. The preexisting length-
strength rel ationship was based on the erector spinae muscle
group, which has considerably different muscular archi-
tecture than the rectus abdominis musculature.

Thus, empirically derived length-strengthswere devel oped
to independently represent the flexor and extensor muscula-
ture. Four subjects were used to derive these new relation-
ships, which were then incorporated into the model for vali-
dation. It was then exercised over severa lifting, pushing,
and pulling conditions to assess the effect of these adjust-
mentsonitsability to predict externally measured spinal mo-
ments. Results found that the modification made to the pre-
existing EM G-driven model did not strongly affect the model
performanceduring lifting or pulling but did greatly improve
the model performance during pushing.

Using this newly derived model, a sequence of pushing
and pulling tasks was analyzed to assess spinal loads. Exer-
tions were categorized by task (pushing or pulling), handle
height (50%, 65%, and 80% of subject’s stature), and cart
weight (158 kg, 192 kg, and 226 kg). Results indicated
significantly different spine loads when pushing compared
to pulling at different height levels. Under the current ex-
perimental conditions, spine loads were not found to be bio-
mechanically problematic for any of the independent vari-
ables. This conclusion was most likely a result of the low
level of exertion force required to perform these tasks.

A Regression Model for Predicting
Peak Compressive Spine Loads
during Asymmetric Lifting Tasks
for Inexperienced Lifters Over the
Course of a Work Day

Kevin Butler, MS
Advisor: William S. Marras

Thesis Summary

The objective of this study was to develop asimple re-
gression equation to estimate maximum compressive spine
loads during dynamic, asymmetric lifting over the course
of aworkday, using an EM G-assi sted dynamic biomechani-
cal model. Lab-based models have been devel oped to pro-
vide accurate compressive spine load values, but they are
expensive, time-consuming, and impractical for useinin-
dustry.

Thisresearch presents aregression model to predict L .-
S, compressive spine |oads using working condition vari-
ables that have been neglected in the past, such aslift fre-
quency, to predict values over the course of an entire work
day.

Seven males and one female participated in six (eight-
hour) lifting sessions, each at a different lifting frequency.
Data from four subjects were used to build a regression
model and four were used to validate the results. The
most prognostic variables collected from two different lab
apparatus were used, to predict maximum spinal compres-
sion values during an asymmetric lift. This model was
based on values computed using a dynamic EM G-assisted
biomechanical model developed in the BiodynamicsLab at
The Ohio State University.

This work produced a model using, as input variables:
lifting frequency; load weight; maximum clockwise (CW)
torso moment; maximum CW twisting moment; maximum
CW lateral moment; maximum flexion angle position; maxi-
mum right lateral bend position; maximum CW twisting
deceleration; and an interaction of time elapsed throughout
a lifting session and maximum force in the positive for-
ward direction. The final model was able to explain 78%
of thevariability inthelift. Model testing was ableto show
afairly accurate prediction of maximum compressive spi-
nal load for inexperienced subjects but performed poorly
for experienced lifters.

This research shows the importance and complexity of
one's internal musculature when performing a manual han-
dling task involving lifting or twisting. Thisinterna vs. ex-
ternal balance is achieved primarily through two types of
muscle recruitment methods. For portions of atask that are
purely sagittal, asingle set of musclesis primarily used, but
for more dynamic activities, additional musclesare recruited
to control motion. Muscle coactivity from these dynamic
activities can lead to increased spinal loading.



Institute Co-Sponsors Conference

Thelngtitutefor Ergonomicsisaproud academic co-
sponsor for the 7" Annual Applied Ergonomics
conference. Asthe core assembly of the ergonomics
community, this conference is the leading forum for
presenting ergonomicsapplications.

The AECwill beheld March 8- 11™, 2004, at the
Rosen Centre Hotel in Orlando, Florida. More
information isavailable at the conference’ sweb site,
www.appliedergo.org.

..-...-'
dp| .rgﬂnﬂmlcs
’ i erence 2004

Workplace Injuries
continued from page 1

A totd of 64.1% of working Americansdisagreed with
the statement that aworkplaceinjury will happento them,
and 53.4% said the odds are slim that awork injury will
make them permanently disabled. Nearly half said they
think about themselves or aloved one getting injured on
the job afew times ayear or less.

The reality is very different, says MEM Loss
Prevention Manager Steve Holmes. 1n 2001, 3.9 million
people—more than the populations of North Dakota,
Montana, Wyoming and Nebraska combined—
experienced adisabling injury, according to the National
Safety Council. Thisexcludesinjuriesresulting fromthe
Sept. 11 terrorist attacks. Major contributors include
overexertion, coming into contact with an object or piece
of equipment, and falls.

“Many employees adopt the ‘It won’t happen to me’
attitude when it comes to workplace safety,” Holmes
says. “The reality is workplace injuries can and do
happen. Employees need to understand they are not
immuneto their devastating effects and work with their
employersto prevent them.”

Workplace deaths are also plaguing America’s
workforce. Excluding Sept. 11, 5,300 peopledied onthe
jobin 2001, thelast year numbers are available from the
National Safety Council. That's up 6% from 2000.
L eading causesinclude transportation incidents, assaults
and violent acts, and contact with objects and equipment.

Employeesadmit they could be more safety conscious
at work.

According to the MEM study, nearly three out of four
employees admit they could be more safety conscious at
work, and more than 95% say they should take a more
proactiverolein ensuring that injuries don’t happen.

Employees also think workplace safety is their

employer’s responsibility. 95.7% of respondents say
employersareresponsiblefor creating asafe environment
for employees.

These numbers are particularly troublesome, Holmes
says, because they show that employees understand the
need for workplace safety but are not willing to take the
responsibility to ensureaworkplaceinjury doesn’t happen
to them or a co-worker.

“Employers are caught in a real catch-22,” Holmes
says. “Workplace injuries are disabling America's
workforce, and yet employees are unwilling to take on
thepersonal responsibility involved in preventing them.”

Holmes says five main attitudes contribute to all on-
the-jobinjuriesand deaths. Employees must changethese
opinionsif they want to be safe on the job.

* “It won't happen to me”—Employees feel they are
immuneto workplaceinjuries.

* “|’ve done this job before” —L ong-time employees
think experience is a substitute for safety.

* “Safety training isnot important” —Employeesaren't
interested in safety training.

| don’'t have time”’—Company demands often take
precedence over safety.

* “|t’snot my job” —Employeesthink their employers
are responsible for safety.

Workplaceinjuriesare a so costing employersmoney.
On average, each disabling workplace injury costs
$29,000, and each workpl ace death totals $1.02 million.
Coallectively, all workplace injuriesin the U.S. in 2001
cost employers $132.1 billion, according to the National
Safety Council—more than the combined revenues of
the top 10 Fortune 500 companies.

“The cost of workplace injuries can be staggering for
employers,” Holmessays. “But, they still don’t compare
to the physical and emotional consequences injured
employees and their families suffer.”
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