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Objectives

Explain how Human Factors Engineering improves work system design.

ldentify and explain the two main factors that influence work system
outcomes.

Discuss and analyze the importance and benefits of systems thinking
In healthcare.

Apply systems thinking concepts to real-world healthcare
scenarios, demonstrating how system design changes improve

outcomes.
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The Most Trusted Voice in Healthcare

We harness the nation’s largest datasets, a team of over 500 experts, and more than five decades of
iIndustry expertise, to deliver transformative insights into safety and savings opportunities that
enable better care. As a nonprofit organization, our mission is our compass.

EPC + PSO O O,

The only organization The only independent 2 out of 3 healthcare 7M and counting
designated as both an device testing laboratory providers in the United safety events
Evidence-based Practice with locations in North States and more comprise our PSO
Center (EPC) and Patient American and Asia worldwide rely on dataset, the largest
Safety Organization (PSO). Pacific. ECRI's expertise. in the industry.

The Most Trusted IS M P Inst[tutq for Safe' The
Voice in Healthcare Medication Practices Co.

An ECRI Company An ECRI Company
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ECRI is Uniquely Qualified to Improve
Healthcare Systems

Empowers
fairness, safety, experience
and resilience across safety,
across human factors,
healthcare and infection
systems control

Rooted in
patient safety
from the start

Data-driven
insights from the
largest healthcare

safety database

Dedicated to the
promotion of safe
medication
practices

©2026 ECRI | Confidential
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Safety Transformation is Urgent

= Despite decades of effort, patient safety in the US has not significantly
improved—a troubling trend that reflects a broader global challenge.!

= Tin 4 inpatient admissions involve an adverse event

= 22.7% of these events are preventable Preventable adverse

events in hospitals cost
the US $20 billion a year?

» Thisis a call to action.

1Source: Bates, D. W., Levine, D. M., Salmasian, H., Syrowatka, A, Shahian, D. M., Lipsitz, S., Zebrowski, J. P., Myers, L. C., Logan, M. S,, Roy, C. G, lannaccone, C,, Frits, M.
L, Volk, L. A, Dulgarian, S., Amato, M. G,, Edrees, H. H,, Sato, L., Folcarelli, P., Einbinder, J. S., Reynolds, M. E., & Mort, E. (2023). The safety of inpatient health care. The
New England Journal of Medicine, 388(2), 142-153. https://doi.org/10.1056/NEIMsa2206117

= 372.3% of adverse events are serious or worse

2Ahsani-Estahbanati, E., Sergeevich Gordeev, V., & Doshmangir, L. (2022). Interventions to reduce the incidence of medical error and its financial burden in health
care systems: A systematic review of systematic reviews. Frontiers in medicine, 9, 875426. https://doi.org/10.3389/frmed.2022.875426
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System Design + Choices Drive Outcomes

Transformation only can be achieved with the right system design and a culture of accountability.

o
Systems

\ J

4 N
Reliable
Systems

Choices

Good
Choices

Great
Culture

Outcomes

Good
Outcomes

:

Transformational
Outcomes
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Healthcare is a Complex, Adaptive,
Sociotechnical System

= Systems are made of components.

= Each can lead to success or failure.

= People are integral. We influence and we are influenced.

Physical
Environment

\Ell &ii v

Organizatio R ESI LI E NT Tasks &

Processes

= Thereis an external environment that cannot be
controlled but must be accounted for.

= To achieve total system safety, the total system must
be considered!

Tools &
Technology

w
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Human Factors Engineering (HFE)
Improves Work Systems

Designing work systems so that they support people more effectively




Healthcare Differs from Other High-Risk
Industries

When solutions from other industries are adopted with incomplete information about
how the tools were developed and applied, and without consideration of how

complicated healthcare really is, the tools do not significantly reduce preventable
harm, e.q.:

Double checks
Checklists

However, the science and methods used to understand the systems in other
industries work incredibly well in healthcare: Systems thinking helps organizations
understand what is happening so that they can adapt and/or apply the right tool,

technology, process, policy, and so forth, at the right time in the right manner

rJ e e




Effective System Design

Human Factors Engineers use systems thinking to:
Design work systems to support the work that people need to do
Promote resilience by designing components that tolerate deviation

Include redundancies that help prevent slips or lapses from causing harm
Because they recognize humans are fallible

Taking a systematic approach to design allows ECRI HFEs to connect people’s needs to engineering
requirements (i.e., traceability).




ECRI Human-Centered System Design

Reveals how health system components contribute individually
and how the components interact to inform redesign.

Understand

HFE System Analysis examines each component to
understand the system and identify factors that contribute to
safety risks.

HFEs collaborate with healthcare organizations, including front
line staff, to innovate robust solutions that prevent future
problems.

HFEs support healthcare organizations to create and evaluate Evaluate Innovate
metrics to verify improvement goals are met.




Why HFE System Analysis? Simple
Interaction Example

=  Hospital A

= |Infusion Pump Model T

=  Hospital B

= |Infusion Pump Model 2

=  Hospital C

= |Infusion Pump Model 2

g
&=
5

Hospital A and Hospital B are both part of
the same system

= Hospital B was acquired by Hospital A's
healthcare system

= They have the same electronic medical
record (EMR)

Hospital C is independent, not part of that
system

= |t uses a different EMR

IO T T
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Infusion Pump User Interfaces

These have not been standardized

= Pump Model 1 programming screen
Rate
Dose
Volume to be infused (VTBI)

= Pump Model 2 programming screen

Dose
VTBI

Rate
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EMR User Interfaces... Customized During
Implementation

= Medication Orders in Hospital A and Hospital B's EMR

= Rate
= Dose
= VTBI

= Medication Orders in Hospital C's EMR

= Dose
= VTBI
= Rate

Hospital B's system had poor usability
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Hospital B Interfaces

EMR Infusion Pump

RATE
DOSE
VTBI

©2026 ECRI | Confidential s
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Human Error

= Why did this happen?

3

_ ———
ACHCU is a brand of ACHC. TN
ACHC




Design Cannot Always Prevent Error —
Our Brains Are Wired To “Help”

Aoccdrnig to rscheearch at Cmabrigde Uinervtisy, it deosn't mttaer in

waht oredr the ltteers in a wrod are, the olny iprmoetnt tihng is taht the
frist and |sat Itteer be at the rghit pclae. The rset can be a toatl mses and
you can sitll raed it wouthit a porbelm. Tihs is bcuseae the huamn mnid

deos not raed ervey lteter by istlef, but the wrod as a wlohe.

Source: https://www.mrc-cbu.cam.ac.uk/people/matt-davis/cmabridge/
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https://www.mrc-cbu.cam.ac.uk/people/matt-davis/cmabridge/
https://www.mrc-cbu.cam.ac.uk/people/matt-davis/cmabridge/
https://www.mrc-cbu.cam.ac.uk/people/matt-davis/cmabridge/
https://www.mrc-cbu.cam.ac.uk/people/matt-davis/cmabridge/
https://www.mrc-cbu.cam.ac.uk/people/matt-davis/cmabridge/

Example: Wrong Bags Stocked

= Look alike bags
= Look alike shipping boxes

= Recognizing the risk, the health system adopted a
policy to purchase one strength from a different vendor
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"Our view is often that the system is basically safe, so long as the
human works as imagined. \When things go wrong, we have a
seemingly innate human tendency to blame the person at the
sharp end. We do not seem to think of that someone - pilot,
controller, train driver, or surgeon —as a human being who goes to
work to ensure things go right in a messy, complex, demanding,
and uncertain environment.”

— Steven Shorrock

Source: https://safetydifferently.com/if-it-werent-for-the-people/

A A’
|'nm""'AEI—?C ACHCU is a brand of ACHC. mTIIIII
A | W ACHC



—
nmnlla

ACHCU

EDUCATIONAL RESOURCES

Pushing Beyond Human Error
HFE System Analysis Examples
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Example: Heparin Error Reduction

= HFEs view "human error" as a

starting point

= Consider a common error: "heparin bolus
not administered per protocol"

= |nitially explained as a nurse either
forgetting to administer the bolus or
forgetting to document it

Taking a systems view reveals that
many other factors contribute to
these errors
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Example: Heparin Error Reduction

= [nteractions between people and
tools and technology
components:
EMR treats heparin drip and bolus
as two separate orders (bolus PRN)

EMR calculator has rate change
prominent, bolus later with space
in between
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Example: Heparin Error Reduction

= |Interactions between people, tools
& technology, and tasks &

processes components:
= Nurse-driven heparin protocol (NDHP)
long, disorganized, unclear
= When NDHP viewed in EMR must scroll
though pages
= Hard to find needed steps

People Tasks &
Processes

Tools &
Technology

®
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Example: Heparin Error Reduction

= |nteractions between people, tools
& technology, tasks & processes,

and organization components:
= Forced independent double checks (IDCs):

hard stop
= Slows down primary nurse
= Interrupts secondary nurse
= |n units that do not often have patients on
heparin, nurses may be unsure what/how

to check
= Training for heparin administration does
not explain how to conduct IDC

People Tasks &

Organization
Processes

Tools &
Technology

=

T
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Example: Heparin Error Reduction

= |INnteractions between all
components:

= Cannot access full EMR at bedside, near pump

= Rover screens do not show all information
needed to program/check programming

= |DCs require second signer to walk to patient's
room to access full EMR or pump

Physical
Environment

(1l ﬁ&i []

Organization People Tasks &
Processes

Tools &
Technology

T
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Example: Heparin Error Reduction

Physical
Environment

il &&i []

Organization People Tasks &
Processes

Tools &
Technology

= External Environment factors

= Nursing shortage nationwide

= High turnover - many relatively new
nurses who may encounter their first
patient on heparin during a time that the
unit is short staffed

HFEs may start at a microergonomic level,
then move right (expand outward) as
much as needed to fully understand and
develop lasting solutions.
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“The single greatest impediment to error prevention in the
medical industry is ‘that we punish people for making mistakes'.”

— Lucian Leape, MD
(Congressional Testimony, 2001)

LIL Choices — Outcomes
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The Organizational Response in a Just Culture

‘g ] ) (@ o N\ = Manage Human Error through
uman -KIS .
: better system design.
Error Behavior o y d
= (Mitigate the consequences of error.)
Inadvertently A choice where = Manage At-Risk Behavior
doing other risk is not :
than what was recognized, or is through better SyStem deSIQn
intended: a slip, mistakenly and Coaching.
lapse, or mistake believed to be
justified
\_ VAN /

All Independent of the Actual Outcome

Systems ) + o — Outcomes
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Consider this Scenario

Setting: Ambulatory Surgery Center (ASC) at a large academic
health system

ﬁ
A patient with breast cancer undergoes a bilateral mastectomy with
concurrent reconstruction. While in the OR, the surgeon placed an .
order for pathology testing. P
Over 24 hours after surgery completed, the lab questions the status

of the specimens. They were never received in the lab for testing.

Outcome: The specimen is deemed to be lost. Pathology testing
could not be completed, limiting the clinical team's ability to

determine effective treatment and the patient from understanding
details about her disease.

3
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Pertinent Details

D @

N\
Circulator nurse put both Circulator nurse _
specimen containers into a transports red bag to the ~ Specimens were
single large, red biohazard bag specimen room identified as missing
| | |
| | |
Surgical tech placed each Circulator nurse did Circulator nurse did not
breast specimen into individual not label the document specimens in the

large, labeled containers outside of bag specimen logbook

[ G 1) Cl 1)

U

D
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Factors Discovered via System Analysis




External Environment

= Changesin hospital leadership that created
changes in ASC |leadership

= System level policies not specific to the ASC

= Lack of available qualified circulators and techs
in the area for hire

Physical
Environment

(Ell ﬁ‘i ]

Organization People Tasks &
Processes

= Design issues within EMR that require an IT
team to address

= Less than ideal design of specimen bags rools &
Technology

©2026 1nm""ACHC
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Organization

Case load and time between patients

= Many commented that the turnover time
between cases is short with many tasks to do
between cases.

= “We are always being kind of rushed to get
the next patient in as fast as we can.”

= Surgeons commented that they felt they had
to choose between debriefing in one room
and being prepared for the time-out in the
next room.

Physical
Environment

People Tasks &
Processes

Organization

Tools &
Technology

©2026 1nm""ACHC
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Tasks and Processes

Lack of standard practice for all processes

= Workflows are variable:

= Different surgeons and specialties have
different processes

= Varying length of procedures

= Number of specimens typically collected
for a procedure

= Frozen specimens require the circulator
nurse to leave the room at times

Physical
Environment

(Ell ﬁ‘i

Organization People

Tasks &
Processes

Tools &
Technology

ECRI | Confidential



Tools and Technology

Specimen bags

Physical
Environment

(Ell &i& -]

Organization People Tasks &
Processes

Tools &
Technology

3
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People

Assumptions of “work as imagined”

Work as
described

Work as
Imagined

Physical
Environment

What others

What you
think you do

think you do

(1l

Organization People

Tasks &

Processes

Tools &
Technology

Work as
performed

£12025 ECRI, All Rights Reserved.

What you
actually do
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Physical Environment

General ASC space

= Smaller operating rooms are especially
problematic for number of people in
the room.

= No space for requisition and label
printer in the OR.

Physical
Environment

(Ell &ii ]

Organization People Tasks &
Processes

Tools &
Technology

ECRI | Confidential




System Analysis Summary

Physical
Environment

Organization People Tasks &
Processes

Tools &
Technology

©2026 1m‘“""ACHC
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Recap: Healthcare is a System

= Safety is an emergent property of a system.

= Cannot predict or ensure safety by focusing on
components in isolation.

= |[nteractions are important and can be
unpredictable.

= To increase safety, the entire system must be
considered!

= Benefits include safety for ALL (providers as
well as patients) as well as increased efficiency,
effectiveness and satisfaction (for ALL).

IO T T
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Having a System Perspective Facilitates...

AR ES

An accurate |dentifying more An expanded Achieving
understanding of how  contributing factors solution set effective and
things are working during data sustainable

collection outcomes

©2026 ECRI | Confidential s
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Key Points to Remember

= |In any complex, sociotechnical, adaptive work system:
= People are the weakest link AND the greatest
strength; they are the most resilient component
= System design: support people by allowing autonomy
AND preventing mistakes from causing harm
= No innovation without deviation

( Systems J + Choices — Outcomes

©2026 1nm""ACHC
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“Every system is perfectly designed to
get the results it gets.”



Q&A

Join us for Webinar 2: Embedding Just Culture into System Design

Want to learn more? Email clinicalsales@ecri.org

home.ecri.org/patient-safety-advisory-services
Contact us: clinicalsales@ecri.org | +1 (610) 825-6000, ext. 5891

o



mailto:clinicalsales@ecri.org
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