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Objectives

1. Identify the value of technology 
evaluation;

2. Summarize basic terminologies, concepts 
and limitations in health information 
technology evaluation;

3. Recognize the methods and approaches in 
health information technology evaluation;



Why we evaluate Health Information 
Technologies? 



1. What is the setting?
2. What is the sample size?
3. What is the comparison group?
4. How biases controlled?
5. How statistical analysis was done?



Clever marketing?

Real causal effect

Random error

ConfoundingSelection 
bias

Measurement bias
Funding bias

Publication bias

Observer bias Recall bias

Reported effect

Reported effect



Photoshop tweaked…



• Despite the heterogeneity in the analytic methods used, 
all cost-benefit analyses predicted substantial savings 
from EHR implementation: The quantifiable benefits are 
projected to outweigh the investment costs. 

• However, the predicted time needed to break even 
varied from three to as many as 13 years.



EMR adoption statistics

• A 2009 survey of American Hospital Association (AHA) 
members found just 1.5% of hospitals had a comprehensive 
EHR system.

Henry, J., Pylypchuck, Y., Searcy Y. & Patel V. (May 2016). Adoption of Electronic Health Record Systems among U.S. Non-Federal Acute Care Hospitals: 2008-2015. ONC Data Brief, no.35. Office of the National Coordinator for Health Information Technology: Washington DC.
http://dashboard.healthit.gov/evaluations/data-briefs/non-federal-acute-care-hospital-ehr-adoption-2008-2015.php#citation



To accelerate
widespread adoption 
and use of EHRs, the 
Health Information 
Technology for 
Economic and Clinical 
Health (HITECH) Act 
(2009), established. 

Blumenthal D. Stimulating the adoption of health information technology. 
N Engl J Med. 2009 Apr 9;360(15):1477-9. PMID: 19321856.
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EMR adoption statistics

• A 2009 survey of American Hospital Association (AHA) members 
found just 1.5% of hospitals had a comprehensive EHR system… 
increased to 40% in 2015

Henry, J., Pylypchuck, Y., Searcy Y. & Patel V. (May 2016). Adoption of Electronic Health Record Systems among U.S. Non-Federal Acute Care Hospitals: 
2008-2015. ONC Data Brief, no.35. Office of the National Coordinator for Health Information Technology: Washington DC.
http://dashboard.healthit.gov/evaluations/data-briefs/non-federal-acute-care-hospital-ehr-adoption-2008-2015.php#citation



Key Findings
HIT's disappointing performance to date can be largely attributed to three factors:

1. Sluggish adoption of health IT systems
2. Systems that are neither interoperable nor easy to use
3. Failure of health care providers and institutions to reengineer 

care processes to reap the full benefits of health IT.



2015

Electronic 
interventions 
were not shown 
to have a 
substantial effect 
on mortality, 
length of stay, or 
cost. 



Methods: This retrospective study focused on 658 municipal hospitals. The study period was 
from 2006 to 2015. We analyzed the labor productivity and multi-factor productivity (MFP).
Results: We found that the implementation of an EMR system had a significantly negative impact 
on MFP growth for the ‘late adopters’ (OR 0.51; 95%CI 0.31–0.82; p = 0.006). No significant 
association was found between EMR implementation and labor productivity growth.
Conclusion: EMR implementation has an adverse effect on the productivity of municipal hospitals 
in Japan. 



Benefits of EHR
Improved Health Care Quality and Convenience for Providers

•Quick access to patient records
• Enhanced decision support
• Legible, complete documentation
• Safer prescribing

Improved Health Care Quality and Convenience for Patients

• Reduced need to fill out the same forms
• E-prescriptions electronically sent to pharmacy
• Patient portals 
• Electronic referrals



• "Clinicians are often given technologies that 
were designed by manufacturers with limited 
usability testing by clinicians. 
These technologies often do not support the 
goals clinicians are trying to achieve, often 
hurt rather than help productivity, and have a 
neutral or negative impact on patient safety.”

• "Engineers and physicians use different 
language, apply different theories and 
methods, and employ different performance 
measures.”

Stephanie L. Reel is CIO and vice-provost for information technology at Johns Hopkins University and 
vice-president for information services for Johns Hopkins Medicine of Baltimore, MD

http://www.jhu.edu/
http://www.hopkinsmedicine.org/usa/


Standards in medicine vs standards in industry

• Industry (IT) standards determine whether the 
equipment can be manufactured to an agreed 
standard and whether the equipment does what it 
says it does.

•Clinical standards determine whether what the 
equipment does is important.



Major problem with EMR

1. Database centered systems

2. Time spent on interaction with technology

3. Satisfaction with EMR
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E. Strickland, "IBM Watson, heal thyself: How IBM overpromised 
and underdelivered on AI health care," in IEEE Spectrum, vol. 56, 
no. 4, pp. 24-31, April 2019, doi: 10.1109/MSPEC.2019.8678513. 
https://ieeexplore.ieee.org/document/8678513  

https://ieeexplore.ieee.org/document/8678513




https://www.technologyreview.com/2021/07/30/1030329/machine-learning-ai-failed-covid-hospital-diagnosis-pandemic

https://www.technologyreview.com/2021/07/30/1030329/machine-learning-ai-failed-covid-hospital-diagnosis-pandemic


Not a novel

• 1956   - The term AI was coined in.
• 1960s - US DoD began training computers to mimic basic 
  human reasoning. 
• 1970s - DARPA completed street mapping project.
• 2003   - DARPA produced intelligent personal assistant - 
  long before Siri, Alexa.
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Why AI has become more popular today?

Improvements 
in computing 

power

Increase data 
volumes and 

storage



CDS (Artificial intelligence) agreement

• Customer agrees to defend, indemnify and 
hold harmless EHR technology developer 
and its employees, officers, directors, or 
contractors (collectively, “EHR technology 
developer Indemnitees”) from any claim 
by or on behalf of any patient of Customer, 
which is brought against any EHR 
technology developer Indemnitee 
regardless of the cause if such claim arises 
for any reason whatsoever out of the 
operation of the EHR Software licensed to 
Customer under this Agreement.

https://www.healthit.gov/sites/default/files/ehr_contracting_terms_final_508_compliant.pdf

This document explains a few key EHR contract 
terms and what you need to know about them.

https://www.healthit.gov/sites/default/files/ehr_contracting_terms_final_508_compliant.pdf


What is evaluation?



Applied Clinical Informatics fundamentals 



Evaluation, Assessment, Research
• WHAT IS EVALUATION?

Evaluation is a system of measurement or set of criteria 
to see if an existing technology is working or needs 
improvement, according to its purpose and objectives. 

• WHAT IS ASSESSMENT?
Assessment is an process of measuring existing 
technology towards claimed goals and objectives. 

• WHAT IS RESEARCH?
Research is the systematic process of developing 
new knowledge used collecting and analyzing data 
about a particular subject.



Why must we evaluate medical technologies?

1. Is the technology safe?
2. Does the technology do what it supposed to do?
3. Is what it does useful?
4. Can it be usefully applied in my practice?

Guyatt GH et al. A framework for clinical evaluation of diagnostic technologies (1986) PMID: 3512062



Why is not                    ?

• The FDA is responsible for protecting and 
promoting public health through the 
regulation and supervision of food safety, 
tobacco products, dietary supplements, 
prescription and over-the-counter 
pharmaceutical drugs (medications), 
vaccines, biopharmaceuticals, blood 
transfusions, medical devices, 
electromagnetic radiation emitting devices 
(ERED), and veterinary products.



Simply required that the device:
1. Is safe 
2. Performs the function claimed



Current regulatory space for HIT

RegulatedNon-regulated

Administrative 
non-clinical  

software 
(Scheduling, 
billing, etc)

Clinical 
Software 

(EHR, CDS, 
Alerts, etc)

Medical device 
software

Potential risk of harm

FDA Class I

FDA Class II

FDA Class III



What is important to evaluate?



Technology

Administrators/Purchasers
• What is the cost/benefit?
• Is it reliable?

Patients and Families

• Is it safe?
• Is it help me?

Clinicians
• Is it fast?
• Is it accurate?
• Is it user-friendly?

IT and Security
• Does it work?
• Will they use it?
• Is it secure?

Herasevich V, Pickering BW Health Information Technology Evaluation Handbook: From Meaningful Use to Meaningful Outcome, 2017, 208 pages, CRC Press, ISBN 978-1498766470

HIT Stakeholders



Main criteria for rigorous evaluation

1. Technologic capability: The ability of the technology to perform to 
specifications in a laboratory setting has been demonstrated.

2. Range of possible uses: The technology promises to provide 
important information in a range of clinical situations.

3. Diagnostic accuracy: The technology provides information that 
allows healthcare workers to make a more accurate assessment 
regarding the presence and severity of disease.

4. Impact on healthcare providers: The technology allows healthcare 
workers to be more confident of their diagnoses, thereby decreasing 
their anxiety and increasing their comfort.

5. Therapeutic impact: The therapeutic decisions made by healthcare 
providers are altered as a result of the application of the technology.

6. Patient outcome: Application of the technology results in benefits to 
the patient.

Guyatt GH, et al. A framework for clinical evaluation of diagnostic technologies. CMAJ. 1986;134(6):587–594. 



Define and prioritize study questions as clinical oriented outcomes 
of interest

• Better health: Rate of ICU acquired 
complications, discharge home, hospital 
mortality, ICU and hospital readmission

• Better care: Adherence to and appropriateness of 
processes of care, provider satisfaction

• Lower cost: resource utilization, severity 
adjusted length of ICU and hospital stay and cost



Methodology



Structure of Evaluation Studies

1. Define the health IT (application, system) to be studied.
2. Define the stakeholders whose questions should be addressed.
3. Define and prioritize study questions.
4. Choose the appropriate methodology to minimize bias and address 

generalizability.
5. Select reliable, valid measurement methods.
6. Carry out the study.
7. Prepare publication for results dissemination (report, press release, 

publication in scientific journal).



Expertise required for HIT evaluation



Framework for a clinically meaningful HIT 
evaluation.

Safety 
Evaluate the technology itself and any action that arises from its use

Efficacy 
Measure what the technology is supposed to do under ideal conditions

Effectiveness
Measure what the technology is supposed to do under average conditions

Efficiency (Cost)
Determine the resources needed to provide the technology 

and achieve a return on investment

1

2

3

4



Safety evaluation

Safety evaluation 
study designs

Before-After

“Passive” – post-
implementation

Prospective cohort 
studies

“Active”- 
laboratory based

Diagnostic 
performance study

Surveys Usability methods

Un-blinded 
crossover trial



Efficacy and Effectiveness Evaluation

• Efficacy: Measures what it is supposed to measure under an ideal 
condition. Efficacy is the measurement of the ability of the intervention to 
have effects without necessarily being relevant to patients. Such studies 
are performed in a highly controlled environment with highly compliant 
participants. In clinical research, such studies are called explanatory trials 
or Phase I or II of clinical trials. In HIT evaluation, we can call them “lab 
studies”.

• Effectiveness: Measures what it is supposed to measure under an 
average condition. Effectiveness is the ability of an intervention to have 
effects on patients in normal clinical conditions. In clinical research, such 
studies are called pragmatic trials or Phase III or IV of clinical trials. In 
HIT evaluation, these studies include “live” implementation.

 In fact, effectiveness is widely used in usability studies but with a meaning different from that used in 
the world of epidemiological research



Efficacy and Effectiveness Evaluation

Efficacy Effectiveness
Ideal AverageSetting

Phase I trial
Phase II trial

Phase III trial
Phase IV trial

Clinical research 
equivalent

“Laboratory” “Live”



Ultimate Outcome Measures

1. Reduced mortality
2. Improved symptom control 
3. Improved patient satisfaction



Usability evaluation



Which one is an EMR?

Accounting system Electronic medical record





Overall satisfaction with EMR



HIT usability evaluation

Initial HIT
user interface

Final HIT
user interface

Identify critical 
use risks

Describe 
remaining UI 

issues

Identify UI design 
issues & iterate 

design

Step 1: HIT 
application 

analysis 

Step 3: 
HIT validation 

testing

Step 2: 
HIT interface 
expert review

Critical safety test 
scenarios



Common Usability Test Methods

1. Cognitive Walk-Through
2. The keystroke-level model (KLM)
3. Heuristic Evaluation
4. The system usability scale (SUS)



Cost analysis can be applied to HIT

1.Cost-benefit analysis (CBA): Costs are the monetary value of changed health outcomes 
to produce financial gain or loss. CBA compares costs and benefits, which are quantified in 
common monetary units.

2.Cost-effectiveness analysis (CEA): The monetary cost relates to changes in an 
important health outcome as producing a cost-effectiveness ratio (cost-per-unit outcome). 
CEA compares costs in monetary units with outcomes in quantitative nonmonetary units 
(e.g., reduced mortality or morbidity). 

3.Cost-minimization analysis (CMA): This analysis of technology replaces a current or 
alternative system and is equally effective in providing equal benefit at lower cost. In other 
words, CMA determines the least costly among alternative interventions that are assumed 
to produce equivalent outcomes.

4.Return on investment (ROI): This economic analysis determines the potential gain or 
loss from investment by simply dividing earnings by investment.



Security evaluation

1. Administrative safeguards. Administrative actions, policies, and 
procedures to protect the security, privacy, and confidentiality of 
patients’ PHI.

2. Physical safeguards. Physical measures, policies, and procedures to 
protect workstations, IT infrastructure and equipment, and related 
facilities from natural hazards and unauthorized access.

3. Technical safeguards. Technology that protects electronic health 
information and controls access to it.



Case



The SWIFT score predicted 
readmission more precisely (AUC, 
0.75; 95% CI, 0.70–0.80) than the day 
of discharge APACHE III score (AUC, 
0.62; 95% CI, 0.56–0.68).

#1 - Successful prediction model

Gajic O, Malinchoc M, Comfere TB, et al. The Stability and Workload Index for Transfer score predicts unplanned intensive care unit patient readmission: initial 
development and validation. Crit Care Med 2008;36(3):676-82. PMID: 18431260

Conclusion: The Stability and 
Workload Index for Transfer score is 
derived from information readily 
available at the time of ICU dismissal 
and acceptably predicts ICU 
readmission. 

… It is not known if discharge decisions 
based on this prediction score will 
decrease the number of ICU 
readmissions and/or improve outcome.



Chandra S, Agarwal D, Hanson A, et al. The use of an electronic medical record based automatic calculation tool to quantify risk of unplanned readmission to the 
intensive care unit: A validation study. J Crit Care. 2011. PMID: 21715140

#2 - Successful electronic tool
Main results: The automatic tool retained 
excellent correlation with gold standard
calculation for SWIFT (r = 0.92), and the 
mean (SD) difference was −2.2 (5.5).

Conclusion: The EMR-based automatic 
tool accurately calculates SWIFT score 
and can facilitate ICU discharge 
decisions without the need for manual 
data collection.



Ofoma UR, Chandra S, Kashyap R, et al. Findings from the Implementation of a Validated Readmission Predictive Tool in the Discharge Workflow of a Medical 
Intensive Care Unit. Ann Am Thorac Soc. 2014. PMID: 24724964)

#3 … No impact
Main results: There was no difference 
in 24-hour or 7-day readmission rates 
between the baseline and 
implementation cohorts (1.9 vs. 2.4%, 
P = 0.24; 6.5 vs. 7.4%, P = 0.26, 
respectively) even after adjustment for
severity of illness.

Conclusions: Using the SWIFT 
score as an adjunct to clinical 
judgment, physicians modified their 
discharge decisions in one third of 
subjects. Introducing such tools into 
the discharge workflow may present 
change management challenges that 
limit the evaluation of their impact on 
readmission rates and other relevant 
ICU outcomes.



“Essentially, we’re going to be moving from an electronic 
medical record …

   

John Noseworthy, M.D.
Mayo Clinic President and CEO

Spring 2010

to a smart electronic medical record 
that brings together what we know from 
research, practice and education and 
helps the provider provide better care”

which initially was just an electronic 
version of a paper record ... 
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