


Meaningful Use: 
Meaning Less? Or Meaning More?


NIST July 13, 2010 


Ross Koppel, Ph.D. 
Sociology Department, School of Arts & Sciences, & 


Center for Clinical Epidemiology & Biostatistics, 
School of Medicine, University of Pennsylvania;


Rand Corporation; AMIA Evaluation Working Group Chair
rkoppel@sas.upenn.edu



mailto:rkoppel@sas.upenn.edu�





MU: Motivation and Rationale


HITECH and Policy: 


• Encourage use


• Our subsidy > Your use


• Threshold use rules


• “Certified” products 


• Graduated timetable


Important: Pre-HITECH vs. With HITECH
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Use for better health care, patient safety, EBM, cost reduction, public health monitoring, certified systems, etc;  (Don’t spend time on this)  SUBSIDY:  $19 b and 30b for use; I’ll also distinquish between pre HITECH and HITECH







MU: Motivation and Rationale


Vendors:
• Encourage purchases
• Establish certification
• Bench vs. in situ testing *
• Establish use rules
• Interoperability vs. “Suite” Control 
• Regulatory capture


*Irony?
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Vendors of course have every right to act like vendors.  They were early to the table to create CCHIT. 







Pre-HITECH vs. with HITECH 


Pre-HITECH
• CCHIT: Pub/Private 


partnership
• Certification optional
• CCHIT committees work 


very hard
• Certification validity 


With HITECH
• NIST participation: 


stringent/transparent
• Certification Required
• New focus on usability
• ONC studies of HIT use
• Includes home-grown 
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CCHIT from industry It obtained gov’t funding ($7.5 million initially).  Many of the committees did wonderful work, but vendor power NOT WELL KEPT SECRET. Current certification process is a paid fee system: Judges report approving EHR that required 8 hrs and 4 engineers to enter 1 med order w/ somewhat complicated schedule. But function was approved. Of course, industry role in development of MU was extensive, as it is in HIT committee leadership.  On the other hand, with the current administration, there has been a clear attempt at moderating the industry hegemony. This meeting is a perfect example…and there are other examples (listed here).  But the history of meaningful use little discussed. It may help us understand how we got here. 







Sufficient Focus On 
Usability?  And Interoperability?


Hiding or 
missing?







Perceived Facilitators of Adoption of Electronic-Records 
Systems among Hospitals with Systems as Compared with 


Hospitals without Systems
Jha et al. NEJM 360 (16): 1628, Figure 2 (16 April 2009)


More 
money


More
money, 


incentives
Tech support


Objective 
evaluation


List of 
certified 


EHRs 


No questions asked, nor findings about, 
Usability or Interoperability as facilitators
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Only answers to questions asked.  Not asked about … 







Electronic Health Record
Usability, Vendor Practices, and Perspectives


C McDonnell K Werner L Wende (Altarum Institute) for AHRQ


“There are no [usability] standards most of the 
time, and when there are standards, there is no 
enforcement of them. The software industry has 
plenty of guidelines and good best practices, but 
in health IT, there are none.”   p4







Research that has Addressed Usability


One of the key negative factors retarding the 
adoption and appropriate utilization of EHR 
systems is their unacceptable levels of 
usability.


Belden J, Grayson R, Barnes J.   Defining and Testing EMR Usability: 
Principles and Proposed Methods of EMR Usability Evaluation and Rating.  
HIMSS EHR Usability Task Force.  June 2009.  







What Would Certification and
Meaningful Use Look Like If They Were 


Created de Novo? 
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So we ask a question. 







If We Started de Novo? 


• Interoperability 


• Usability 


• Odd Thresholds: Hospitals need only 10% of 
orders via CPOE


• Numbers of CDS alerts


• Other functions….  


m
or


e


m
or


e
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Would Interoperability and usability have received more focus?  I think yes! 
We see thresholds designed around existing software rather than what’s best for healthcare, eg., why only 10% of orders via CPOE.  If you have CPOE, why not 90%?   Hospitals are cherrypicking and defeating intention.  Some are using separate ED – CPOE systems to reach 10%.
If we believe in CDS– why so few required?  Why not greater use of Rxnorm? 
Other functions selected in hospitals seem built around existing vendor availabilities. 
Paving the cowpath..comes to mind. 








Direction of Causation?


Usability
Wider 


Adoption


Wider 
Adoption


Usability and 
Interoperability


Usability
Wider 


Adoption


Best Route to Wider Adoption:
Same HIT With Incremental Improvements?


OR 
More Usable/Interoperable HIT? 
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To examine the origins of HITECH and MU, we have this remarkable paper by Aycock et al. A cerner business strategist. 







(1)
“The higher the regulatory burden 
placed on vendors the greater the 
advantage is to incumbent vendors. 
Therefore, it is a critical time to 
influence the direction of 
regulatory decision regarding 
“meaningful use”…. Cerner should 
invest resources …and partner with 
other incumbent firms to lobby the 
government to raise the regulatory 
hurdles as high as possible….” 







(2)
“Cerner should influence policy 
makers to [increase] the 
meaningful use bar… [A high bar] 
would also erect significant barriers 
to entry for new firms and 
encourage small, less technically 
capable and financially limited firms 
to exit the market.” 
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To examine the origins of HITECH and MU, we have this remarkable paper by Aycock et al. A cerner business strategist. 







(3)
“The message to government 
officials must not appear to be for 
the purposes of establishing 
barriers to entry, rather, it must 
suggest that meaningful cost 
savings and quality improvements
cannot be achieved without a high 
standard of “meaningful use.”







The Use and Meaning of Patient Safety 


“Because patient safety is viewed so 
favorably, our task is to ensure HIT 
appears to be related to patient safety”


Dr. Douglas Peddicord
(AMIA’s Chief Lobbyist)


Washington Health Strategies Group
Oldaker, Belair & Wittie LLP
Phoenix, Arizona, May 2010
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And the ability to enlist academics like me must not be underestimated







To Conclude:  Without Usability…


Little moves


Galileo 







To Conclude:  
Without Interoperability


Little Happens


Galileo On Projectile Motion 







And easier to measure Usability
and Interoperability than many 


other things


400 year old telescope







1. HITECH’s current aims… with     focus on: 


2. Interoperability


3. Usability  (Here Today!)


4. Patient Safety (A happy outcome)


Thank you.  Ross Koppel, Ph.D.


rkoppel@sas.upenn.edu


Conclusion
Now matter how we got here: 


The question is what should we do? 
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Applaud current admin’s mission
Interop…and usability: yes. Without that we have isolates of functionality
PT safety…the benefit! 
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Enhancing User Performance and Avoiding 
Safety Problems through Analysis, 
Discovery, Prioritization and Design 


Considering usability for Health IT systems from 
a safety & effectiveness perspective


Ron Kaye 
Human Factors and Device Use-Safety Team Leader 
Office of Device Evaluation
Center for Devices and Radiological Health
U. S. Food and Drug Administration


Presented at: 
National Institute of Standards and Technology
Health IT Workshop
July 13, 2010


Ron.kaye@fda.hhs.gov







Safe & 
effective


use


Unsafe, 
ineffective


use


Use Environment, e.g.,
• Light, Noise
• Interoperability
• Procedures
• Distraction
• Workload


Users 
• Knowledge
• Abilities
• Expectations
• Limitations, etc.


Device (user interface)
Logic and sequence of interaction; operation 
requirements; screen design and layout; color coding; 
alarms; feedback; help; cues; safety mechanisms; user 
manuals, IFU.    


OutcomeHF Considerations


Device
Use
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Usability Problems in Design: 
Noticed, Reported, Understood 


• Use error
– Can be detected


• Detection will guide effective corrective 
actions 


– Can be minimized or eliminated by 
design modification 







Human Factors/Usability Approach


• Consider intended users of the technology
– What they need the technology to do
– Knowledge, abilities (including variability in ability)
– Expectations
– Level and kind of training necessary 


• Consider the environment where it will be used
– How aspects of the environment can interact with the user


• Consider the structure of the user interface 
– All aspects of technology with which users interact
– Not only “screen design” but the logic that defines sequences of 


interaction, navigation through system architecture,  terminology, 
displayed information, etc.


– User manual and reference materials 







Human Factors/Usability Approach


• Evaluate the tasks required to be performed by users


• Involve users in casual interaction and evaluation of 
prototypes, system components, then use more 
structured evaluations of simulated use focusing on 
important aspects of interaction.
– Obtain measures of performance
– Obtain subjective evaluation (by the users themselves)


• Modify design and re-evaluate as necessary







Design Considerations
Usability difficulties come in two main flavors: 


1. Anticipated
• Known problems very helpful, expert review, risk 


analytic techniques  
• Can be difficult to identify all hazards analytically


2. Unanticipated
• May be most important focus
• Identified in user-based review and evaluations 


analysts 
• If not, then identified in final/validation testing







Design Considerations


• User preference does not necessarily = optimum 
design


• Aspects of use with a low frequency of occurrence can be 
as important or more than those that taskes that are 
performed often. 


• Consider the atypical: 
– use conditions 
– uses 
– users







• “Error tolerance” good attributes for many 
devices
– Features of the UI that prevent activation of critical 


actions following minor, incorrect actions by user


• Potential difficulties are anticipated/identified
• Design of the UI to control their likelihood. 
• Examples: 


– Request verification before proceeding
– Parameter limits (e.g., values greater than “250” not 


accepted) 


Design Considerations







“Use Safety” Evaluation
• Major issues are best addressed prior to final/validation 


testing through early user involvement and “formative” 
evaluations


• Test protocol focused according to identified priority of 
tasks or “use scenarios.” 


• Environment of actual system use and design 
configuration are addressed


• Performance measured meaningfully
– Performance (a.k.a. “usability”) goals, such as “80% of users were 


successful indicates up to 20% failure rate.    







National and International 
HF Standards applicable to HF Medical 


Devices


• ANSI/AAMI/ISO 14971:2001 Risk Management
• ANSI/AAMI HE74: 2001, Human factors design 


process for medical devices
• ANSI/AAMI HE75: 2010, Human factors design 


principles for medical devices (in progress)
• IEC 62366 Usability 
• IEC 60601-1-6 Usability
• IEC 60601-1-8, Alarm Systems







Thank You
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Jiajie Zhang, PI
And SHARP-C Team


National Center for Cognitive Informatics & Decision Making in Healthcare


(Funded by ONC SHARP Program)


University of Texas School of Biomedical Informatics at Houston


The SHARP-C Approach to EHR Usability







© 2010 by Jiajie Zhang


SHARP-C Overview
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SHARP-C  Member Institutions
 The University of Texas Health Science Center at Houston
 Arizona State University
 Baylor College of Medicine/Houston VA Medical Center
 Baylor Health Care System
 Harvard University 
 Intermountain Healthcare
 University of Maryland at College Park 
 University of Washington
 VA Palo Alto Health Care System


 And many individuals from various institutions
3
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Challenges in HIT Adoption & Meaningful Use


CognitiveSecurity/PrivacyFinancial Social/Cultural Workforce


Biomedical Informatics Cognitive Science Computer Science Industrial & Systems Engineering Clinical Sciences OtherHealth Services Research


Technology


National Center for Cognitive Informatics and Decision Making in Healthcare


Interdisciplinary Approach


Academic Institutions HIT Vendors Hospitals Patient Groups Government Professional Associations


Cooperative Program


Clinicians Other Stakeholders


Challenges


Approach


Common  Use Cases for 
Research, Development, & 


Evaluation 
For Providers 


• Review patient history 
• Conduct patient assessment 
• Determine clinical decision 
• Develop treatment plan 
• Order additional services 
• Prescribe medications 
• Document visit 


For Patients & Providers 
• Communicate with providers 
• Manage medications 
• Manage chronic conditions 
• Understand health 
 


How NCCD’s Six Projects Map 
to ONC’s Research Challenges ONC-Identified Major Research Challenges 


for Patient-Centered Cognitive Support P1 P2A P2B P3 P4 P5 


 X  X X  X     
Creating models that support dynamic 
abstraction of clinical information 
 


X     X X X  
Techniques for parsimonious information 
display that simplifies, while capturing essential 
features of a clinical decision problem  


 X X       
Understanding decision making under stress and 
time pressure, and its implications for cognitive 
support 


 X  X  X   X X 
Communication to clinicians, addressing 
message content and delivery, that blends with 
workflow 


X       X    
Methods to support decisions that involve 
multiple stakeholders, taking into account their 
preferences and utilities 


X       X   
Methods for minimizing and simplifying, when 
it is necessary, manual data input by clinicians 
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A Unified Framework 
for EHR Usability
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UFuRT
- User, Function,  Representation,  & Task analyses


 For
Evaluating usability of existing EHR systems
Designing EHR systems with built-in usability
Measuring EHR usability objectively
Guiding EHR usability standards
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Functions


Objects Operations


Goals


Constraints


Ontology of Work


Users


Knowledge Skill


Tasks


User 
Procedures


Machine 
Procedures


UFuRT: A Unified Framework for EHR Usability 


Intrinsic
Complexity


Extrinsic
Usability


Representations


Hierarchical 
Representation


Distributed 
Representation


Isomorphic 
Representation


EHR User 
Persona


EHR Work Ontology 
(including subsets of 


Meaningful Use)


EHR Workflow 
and task sequence


Representation 
Taxonomy of 


EHR UIs







© 2010 by Jiajie Zhang


UFuRT 
for Evaluating Existing Systems
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A fraction of OpenVista System Structure (8500 
nodes total)
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A fraction of OpenVista System Structure (8500 
nodes total)
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A fraction of OpenVista System Structure (8500 
nodes total)
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“Popularity” of Nodes
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EHR-X vs. EHR-Y: CPOE Modules


714 Nodes in System Y CPOE


288 Nodes in System X CPOE
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EHR-X vs. EHR-Y : Domain Functions


EHR-X EHR-Y
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EHR-X vs. EHR-Y : Heuristic Evaluation


EHR-X
EHR-Y
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EHR-X vs. EHR-Y: Heuristic Evaluation


EHR-X
EHR-Y
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Average Execution Time per Task
se


co
nd


s
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Average # of Steps per Task
St


ep
s
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UFuRT 
for Designing New Systems
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“SOLVER” – Butler, Zhang, et al. 
 An Information System for Scheduling Aircrafts (F-16) for 


Flying and Maintenance


 The old system is similar to a typical clinical practice 
with hybrid medical records
 A lot of paper records
 Many isolated computer software applications
 Labor intensive
 Team work 


 The new system is more like  an integrated EHR with 
excellent usability
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Users


Knowledge Skill


Functions


Objects Operations


Goals


Constraints


Ontology of Work


Tasks


User 
Procedures


Machine 
Procedures


Representations


Hierarchical 
Representation


Distributed 
Representation


Isomorphic 
Representation


• ProSuper, OPS, pilots, et al.


• 2-3 technical managers in Squadrons 
– work intensely for 3 days every week 


– produce a good quality flying and maintenance 
schedule for the following week


• Highly trained and experienced


• Use a lot of artifacts
– paper charts, databases, spreadsheet, handbooks, etc.
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Functions


Objects Operations


Goals


Constraints


Ontology of Work


Users


Knowledge Skill


Tasks


User 
Procedures


Machine 
Procedures


Representations


Hierarchical 
Representation


Distributed 
Representation


Isomorphic 
Representation


(From Butler, Esposito, Hebron, Bahrami, Zhang, & Kieras, 2006)From Zhang, Butler, Hebron, Bahrami, & Esposito, 2006From Zhang, Butler, Hebron, Bahrami, & Esposito, 2006
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Functions


Objects Operations


Goals


Constraints


Ontology of Work


Users


Knowledge Skill


Tasks


User 
Procedures


Machine 
Procedures


Representations


Hierarchical 
Representation


Distributed 
Representation


Isomorphic 
Representation


(From Butler, Zhang, Esposito, Bahrami, Hebron, & Kieras, 2007)
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Tasks


User 
Procedures


Machine 
Procedures


Functions


Objects Operations


Goals


Constraints


Ontology of Work


Users


Knowledge Skill


Representations


Hierarchical 
Representation


Distributed 
Representation


Isomorphic 
Representation


(From Butler, Zhang, Esposito, Bahrami, Hebron, & Kieras, 2007)
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ROI for SOLVER


From:


3 people for 3 days


To:


1 person for 11 minutes







Hierarchy of HIT Use Evaluations


Health care process improvements


Care giver 
interactions


Patient 
interactions


Admin 
interactions


Actionable 
metrics for 
HIT design


Meaningful UseLonger-term


Workflow-
BPMN


Usability tests-
ISO 25062


Time-frame Objective Standards-
guidelines
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EHR 1 > EHR 2


Intrinsic
Complexity


Extrinsic
Usability


Work Ontology


Users


Tasks


Representations


Conclusions


Useful


Usable


EHR Usability
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National Center for Cognitive Informatics 
and Decision Making in Healthcare
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Other SHARP-C Personnel for 
EHR Usability 
 University of Washington Team
 Keith Butler
 Mark Haselkorn
 Ali Mokdad


 Consultants
 Ali Bahrami, Ellen Bass, Chris Esposito, David Kieras, 


Mark Musen, David Woods
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Backup Slides
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Record CBC for PATIENT,CLINICAL F 
Operator Sequence: KLM Code Time (s)
… … …
Find the "Orders" tab M 1.2
Point to "Orders" tab P 1.1
Click "Orders" tab B 0.1
Find the "Common Orders" M 1.2
Point to "Common Orders" P 1.1
Click "Common Orders" BB 0.2
Wait for the system to show "Common Orders" 
pop-up window


W 0.1


Find the "LAB ORDERS" M 1.2
Find the "Search All Labs" M 1.2
Click "Search All Labs" B 0.1
Wait for the system to show "Order a Lab Test" 
pop-up window


W 0.2


Find "Available Lab Tests" M 1.2
Point to "Available Lab Tests" field P 1.1
Click  "Available Lab Tests" field B 0.1
Type "CBC" K(3) 0.84
Point to "CBC" on the lab test list P 1.1
Click "CBC" on the lab test list B 0.1
Point to "Order" button P 1.1
Click "Order" button B 0.1
Point to "Close" button P 1.1
Click "Close" to close the "Order a Lab Test" pop-
up window


B 0.1


… … …


Total Time 39 35.06


Task
Evaluator 1 Evaluator 2


Steps Time Steps Time
Record CBC (Complete Blood Count) for PATIENT,CLINICAL F 39 35.06 40 37.4
Retrieve CBC for PATIENT,CLINICAL F 17 20.04 18 22.9
Manage (Discontinue) CBC LB #125 for PATIENT,CLINICAL F 31 32.22 32 34.6
Record "Chest X-ray PA and Lateral" for PATIENT,CLINICAL F 51 52.34 52 55.65
Retrieve "Chest X-ray PA and Lateral" for PATIENT,CLINICAL F 17 20.04 18 22.1
Manage (Discontinue) "Chest X-ray PA and Lateral" for PATIENT,CLINICAL F 31 32.32 32 34.7
Record "Blood Bank Orders for Type & Cross 2 units Red Blood Cells" for PATIENT,CLINICAL F 43 38.84 44 40.9
Retrieve "Blood Bank Orders for Type & Cross 2 units Red Blood Cells-LB #126" for PATIENT,CLINICAL F 17 20.04 18 21.14
Manage (Discontinue) "Blood Bank Orders for Type & Cross 2 units Red Blood Cells-LB #126" for PATIENT,CLINICAL F 31 32.22 32 34.6
Record "Physical Therapy" for PATIENT,CLINICAL F 38 51.02 39 53.4


KLM Analysis for CPOE lab order 


Partial Comparison for Total Use Cases







© 2010 by Jiajie Zhang


Heuristic Analysis
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Usability Violations


Consistency & 
Visibility
1. Window shown is 


called the Patient 
Select popup but the 
Alerts being show 
are for the physician 
and not specific to a 
patient and there is 
not indication to the 
user that these are 
for the user logged 
on to the system.


Memory & Match
2. The user has to 


remember that the 
Alerts are for all 
patients. The user 
has know where to 
look for the Alerts 
and they should have 
more prominent.


3. The icons do not 
match the expected 
use of these symbols. 
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A Complexity Measure from Open Vista


OpenVista  is 
nineteen levels 
deep
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Ontology of EMR Structure
 To transform and 


integrate data
 To share common 


understanding of 
the structure


 To analyze 
domain 
knowledge
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TOOLS in DEVELOPMENT
Code Name: SHRIEK
(Sharp Health Record Usability Evaluation Workbench)
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Established Evaluation Techniques for IT Use


technique


Coverage # users 
involved


Team skill 
rqmts.


$ cost 
per test-
user


standard/
guideline


Inspection 
techniques


quick look at 
usability [19, 26]


None-
project 
team only


Usability 
eng., dev


&100-
1,000


[26]


Formative 
testing


“de-bugging” the 
UI [29, 8]


4-16 Usability 
eng.


$600-
1,000


[19]


Summative 
testing


Statistical 
estimate on task 
[8, 31] 
performance


10-80 Statistics & 
design of 
experiments


1,200-
2,400


ISO 25062


Business 
Process 
Modeling/ 
Simulation


Workflow 
efficiency of 
organizations


10-30 Knowledge 
modeling; 
Discrete 
event 
simulation


$100-
1,000


BPMN;
IDEF3


A/B web testing/ 
application 
instrumentation


Statistical 
comparison/anal
ysis of 
designs[20]


100,000-
3,000,000


Statistics & 
design of 
experiments


$0.02-
0.05


[20]


Butler, Jacob & Kieras CHI2009 Introduction & Overview of 
HCI 
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Where to Learn More in the Published Literature


1. Bias, R.G. & Mayhew, D. J. (2005) Cost-Justifying Usability: An Update for the Internet Age. Morgan-Kaufmann.
2. Brinck, T.; Gergle, D.; & Wood, S. (2002) Usability for the Web: Designing Web Sites that Work. Morgan Kaufman.
3. Butler, K. A. (1996) Usability Engineering Turns 10. Interactions, Jan. 1996, vol. III.1, pp. 59-75.
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