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Executive Summary 

The Internet of Things (IoT) is being adopted by every industry including healthcare.  New capabilities in 
existing products are incorporating IoT interoperability, communications, alerts and notifications.  
Through the use IoT, there are opportunities to change how systems connect, learn, teach and share 
health information. 

IoT will allow for the bridging of physical and digital worlds that impact how providers interact and 
facilitate patient care.  IoT is quickly maturing as a technology and organizations are incorporating IoT 
into their healthcare plans; however, work has to be done to ensure that the integration process goes 
smoothly.  The use of IoT will allow healthcare organizations to redesign healthcare delivery through 
more granular and frequent information about patients, such as with remote patient monitoring 
devices, leading to more personalized care. 

Clinically relevant data is not only data collected in hospitals, but from people and their everyday lives. 
Location data via real-time locating systems and condition sensing information are changing how work 
processes are assembled.  Organizations that understand the power of this disruption will reimagine 
their organization structure, work processes and patient care.  IoT will enable the transformation of the 
healthcare organization to become a learning health system.  

Because of the disruptive nature of IoT, it is a topic for senior leaders in healthcare organizations to 
discuss. Hospital leaders and CEOs need to understand the impact and value of IoT on their organization. 
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Introduction 

Growth in new technology development is happening at exponential rates across all sectors. While 
healthcare has typically lagged behind other industries in the adoption of new technologies, the 
emergence of the Internet of Things (IoT) and its application in healthcare presents an opportunity to 

create efficiencies and improve safety that had been challenging to realize previously.   

IoT entails the use of devices that are connected to the Internet thereby allowing for the capturing and 
monitoring of health data from clinical data to self-reported data.  For example, this data could come 
from electrocardiograms, fetal monitors, temperature monitors or glucometers, to name a few.  This 
type of information is vital for patients' health, and may require follow-up by a healthcare practitioner.  
IoT is also helping healthcare delivery to move towards more personalized & individualized patient care. 

The purpose of this CHIEF White Paper is to emphasize the use of IoT in a healthcare environment.  This 
paper will look at the key drivers of IoT and the challenges experienced when trying to include IoT within 
a health system.  It will also present two case studies of how IoT has been successfully incorporated into 
a hospital system, as well as next steps of how to continue to integrate IoT into the healthcare 
environment. 

Key Findings 

The healthcare system has the opportunity to change its delivery with the use of IoT.  In hospitals, 
doctors offices, and healthcare systems there will be a shift from silos in the system to the coordination 
of work enabled by a well developed and connected network.  By linking self-reported patient data, lab 
data and other medical information more personalized healthcare is available.   

Major changes in healthcare, from the implementation of new technology to changing a system process 
or to organizational restructuring, can cause disruption, but this change has long-term benefits 
(Kleinberg, 2015).  By recognizing the needs of patients and providers, sustainable and innovative 
changes can be made to improve how healthcare is provided. With technological advances, there are 
opportunities to connect silos and devices and sensors into a comprehensive data highway.  

During the advent of the World Wide Web, there was optimism with connecting all of the world’s 
computer networks into an information superhighway.  Now with the advancement of IoT technologies, 
there is similar optimism with connecting all relevant information about patients, and healthcare work 
into a similar cohesive network.  Imagine a world where a patient can travel anywhere and know that, 
whatever the situation, their healthcare information or that of a family member is available.  
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Advances Quickly Enabling IoT for Healthcare 

There are a number of developments in technology, standards, systems and applications that are rapidly 
facilitating the adoption and implementation of IoT in healthcare: 

 Location based technologies are approaching accuracy to one square meter, which allows the 

location of a person or object within a room. For example, if a patient emergency code was 

triggered in a hospital, IoT could help alert (through location sensors) the closest provider to help 

manage the situation. (Zeidenberg, 2016) 

 Upcoming standards for “Li-Fi” will make mobile device connections to networks far more seamless 

than today, similar to cellular network connectivity. (Dimitrov and Haas, N.D.) 

 Embedded systems such as refrigeration sensors and medical device sensors have historically been 

designed as silos, however work is in place to connect these systems together encouraging 

interoperability (where different systems can share data). For example the CommonWell Health 

Alliance is working towards facilitating common data standards, ensuring that information can be 

shared easier (CommonWell Health Alliance, 2016). IoT for example could learn who opened the 

fridge last, and who opened the fridge. 

 Workflow applications are now maturing to enable data interoperability and the upgrading of 

historically manual processes is being transferred to online healthcare processes.  

With the maturing of technologies and the rapid advancement of capabilities, healthcare organizations 
need frameworks to mitigate risks, exploit successful use cases and enhance infrastructure with the 
pace of investments for IoT: 

 Costs of interoperability are so significant that a loosely coupled architecture to enable a plug-and-

play platform is a necessity to control costs of future innovation (Kleinberg, 2015). It is important 

that these organizations want to work together to build common standards, while standardizing 

information flow. 

 Reimagining of healthcare processes is needed by embracing the concept of the digital health 

moment, by capitalizing on each transient moment of digital engagement to improve care.  

 Large healthcare organizations need to ensure that a plan for IoT advancement is embedded in their 

vision to ensure budget and resources are set aside. It is important that corporate champions who 

are invested in IoT are recruited to facilitate this long-term change.  

 An IoT maturity model (see Figure 1) is useful to understand the maturity of technologies, process 

and organization to be enabled, contrasted against the complexity of processes, technologies and 

organization changes. The maturity model illustrates that healthcare organizations can achieve 

situational awareness and mature towards operational intelligence to the final stage of being a 

learning health system. (Seth, 2016; Runyon, B., Shaffer, Vi, 2014)  
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Figure 1: The Progression Maturity of IoT Solutions in Healthcare (Seth, 2016). 

 

IoT Drivers 

In today's healthcare environment there are many different use cases that can be used to explain the 
use of IoT.  For example, remote patient monitoring can be useful to monitoring a patient during 
outpatient care.  It is uneconomical to provide constant support to patients in the community because 
of limited resources, but with IoT technology patients can be monitored and automated workflows can 
be triggered for clinician intervention only when a patient’s status has exceeded a threshold, or an 
emergency situation has occurred.  

Another use case is the tracking of patient medications using technology to help ensure the patient is 
taking his or her medication, and checking other environmental behaviors (i.e. if they are alone, have 
they recently had a drink or eaten etc.).  For example if a patient has a medical condition, they can be 
monitored at home with the use of automatic pressure cuffs and smart scales which will assist the 
doctor in alerting the patient if the medication or treatment needs to be updated.   

Another value of IoT in healthcare is enabling an intelligent hospital room, with devices connected to a 
patient, while monitoring the status of the patient.  Patient movement from room to room can be 
tracked, and assessed and managed if they maybe subject to harm, such as a fall.  
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Key Challenges Incorporating IoT into Healthcare 

Interoperability  

The key to realizing the fully connected experience of an IoT ecosystem is interoperability.  The vision for 
IoT is that people, processes and devices are connected, regardless of operating systems, manufacturer 
or hardware used.  The current reality, however, is that IoT solutions are challenged to “talk” to each 
other and to legacy systems resulting in fragmented IoT solutions. To solve this problem, standards that 
enable communication, operability and programmability across devices of different makes, models and 
manufacturers are required.  

These standards will need to be embraced and adopted by vendors who may not be accustomed to the 
free flow of information and functionality across devices, systems, products and manufacturers.  As a 
result, interoperability is likely to remain a challenge for the near future; however there are more and 
more companies emerging that are embracing standards and open interoperability (Altimeter, 2016). 

Privacy & Security  

Due to the knowledge and use of IoT devices still maturing, many organizations are not prepared to deal 
with the security challenges that accompany IoT.  The recent attack on the Internet infrastructure in the 
USA took advantage of IoT devices that were not well secured (Statt, 2016).  

Privacy and security are two main factors that are required to make IoT work.  The confidence and 
acceptance of IoT will depend on the level of guaranteed security and privacy of information.  Loss of 
personal health information and unauthorized access to devices are of paramount importance for the 
healthcare industry in particular.  For example, this could happen due to devices entering hospitals 
through a variety of channels or stand-alone devices with developed networks and connectivity glitches 
(HealthIT, 2016).  

It has been recommended that security risks can be minimized by building in security prior to device 
rollouts (HealthIT, 2016).  In addition, the approval process for medical devices must be constantly 
updated to encourage innovation, yet still protecting the public interest (HealthIT, 2016). Figure 2 
explains three different security challenges, with examples of solutions for resolving these issues. 
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Figure 2: Security Challenges & Solutions (Miorandi, 2012) 

Regulation  

The issues of security and privacy also raise regulatory challenges to the widespread adoption of IoT.  
However, the overarching set of regulations needed to support IoT goes beyond those related to privacy 
and security (Cohen, 2016).  For example, regulations related to: 

 Approval of medical devices and mobile medical apps; 

 Approval for the collection of information including, but not limited to health information (i.e. data 

minimization); 

 Manufacturer claims related to the diagnostic capability of devices and apps; 

 Notice and choice regarding data sharing.  

Data Ownership & Overload 

There is no doubt that with the widespread adoption of IoT, vast amounts of data will be produced. This 
raises two practical issues.  

First, the capacity of any healthcare organization to collect, store and analyze this data will be 
challenging.  Robust business intelligence systems along with experienced analytical staff with the skills 
to analyse large data sets are still maturing in Canada. The use of big data is now becoming a well known 
concept, but some organizations have yet to build infrastructure to support big data. An Information 
infrastructure will need to be a focus of healthcare organizations in the future.  

Second, the issue of data ownership will also need to be clarified and defined.  While historically, clinical 
records were the ownership of clinicians and/or organizations more contemporary assessments and 
outright changes to laws regulating personal health information place ownership of the data with the 
patient. Patients should be able to have full control of their data, unlike now where their information is 
stored in a variety of hospitals, pharmacies, laboratories and other healthcare organizations. Patient 
authorization for the use of their data is not yet systematized for each granular item of data. An ideal 
model should be where a patient can consent, as follows ”only my Pulmonary Specialist and family 
doctor can see my notifications from my spirometer, but no one else.” 
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Case Studies 

The AWG shared the following framework for data liberation at the June 2016 CHIEF meeting, to 
highlight categories of user interaction needed to achieve this goal and further allow for innovation in 
analytics. The challenge raised to CHIEF members was: What factors might allow for a successful data 
analytics strategy in healthcare today?  

Case Study #1: Mackenzie Health 

Mackenzie Health serves over half a million people in the York Region. The hospital is re-envisioning its 
care delivery model to embrace a connected health strategy that utilizes digital communications and IoT 
to provide quality healthcare both inside and outside of the traditional hospital setting.   

Driven by an overarching 'Smart Hospital' vision enabled by Information, Communication, and 
Automation Technology (ICAT), the Mackenzie Vaughan Hospital, scheduled to open in 2020, will 
leverage innovations in pervasive computing and ambient intelligence to create a “smart” hospital 
environment that is context aware, personalized, anticipatory, adaptive, ubiquitous, transparent and, 
consequently, capable of complex semi-autonomous interactions.   

Through the utilization of state-of-the art healthcare technologies in a facility designed on IoT principles, 
and leveraging experience in continuous quality improvement, Mackenzie Vaughan Hospital will be at 
the forefront of innovation in intelligent hospital design.  In order to achieve this vision, Mackenzie 
Health is leveraging the principles of applied health innovation, best practices, and LEAN process 
engineering to redesign and transform patient care processes. 

In addition, Mackenzie Health has developed the first of its kind Innovation Unit to develop robust, 
sustainable infrastructure to facilitate testing, evaluation, application, and diffusion of innovations, with 
an emphasis on health information technology, health services delivery models, and evidence-based 
clinical practices.  
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Launched in May 2014, the Innovation Unit is a 34 bed working medical ward transformed into a “living 
laboratory” for the evaluation and diffusion of innovations, with a focus on the adoption of healthcare 
technology in real-world healthcare environments.  Unlike other innovation unit models where 
technologies are evaluated in a “dry lab”, the Mackenzie Health Innovation Unit is a real-world 
environment, with real patients, real staff, and very real safety concerns requiring a high degree of 
precision in project selection, development, and implementation (see Figure 3) 

 

 

Figure 3 – Mackenzie Health Innovation Unit 

The collaborative model for applied innovation connects the technical expertise of an industry partner 
with the unbiased, rigorous, and systematic approach of an academic partner in the Mackenzie Health 
“living laboratory” measurable environment.   

The projects are focused around front-line problems, which are used to generate problem statements 
that can be connected back to measurable strategic, clinical, and business imperatives of our 
organization. 

 

Innovation Unit: Phase I Project 

In the Phase I Project, Mackenzie Health partnered with Hill-Rom, a large manufacturer of healthcare 
beds and medical devices, conducted the evaluative components, and outsourced the time and motion 
studies to evaluate smart hospital beds and wireless smart room technology in our Innovation Unit.   

Appendix A highlights phase I of the project and how hand hygiene was used as an example in the 
Innovation Unit. 
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Innovation Unit: Phase II Project 

 

Figure 4- Mackenzie Health Internet of Things 

Combining Mackenzie Health’s clinical expertise in patient care and Patient Care Redesign® with Thought 
Wire’s expertise in systems integration and ambient intelligence, Cisco Canada’s expertise in wired and 
wireless network infrastructure and secure unified communications, and Blackberry’s expertise in end-
user devices and secure mobile device management, a “dream team” has been assembled for the 
evidence-based implementation, demonstration, evaluation, and diffusion of an Ontario grown 
integrated, mobile, “smart”, and secure clinical messaging and alerting solution.  Figure 4 shows the 
integration of these different components. 

In contrast to much industry-healthcare collaboration, this project was conceived by a community 
hospital in order to solve real challenges encountered by healthcare providers and patients by 
effectively bringing industry expertise right to the point of care.  Mackenzie Health has uniquely 
combined its clinical expertise and partners’ technical expertise to integrate different components. 

Collectively, the system integration will allow Mackenzie Health to consistently deliver the right 
information to the right healthcare provider, at the right time, and in a meaningful way.  This platform 
will improve clinical situational awareness, and reduce both communication latency (i.e. the delay 
between something happening, and someone finding out about it) and communication errors, with the 
end goal of improving patient safety, satisfaction, and quality of care. 
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Specific, Quantifiable Benefits Obtained from the IT Initiative  

Mackenzie Health has long recognized that there are multiple factors that contribute to the success or 
failure of healthcare innovation.  There are usability issues, as well as cultural, behavioural, and other 
social issues that are often not identified until after a new process or product has been unsuccessfully 
rolled out.  Re-rollout is often impossible because previous failures become the basis for ongoing staff 
discontent long after these problems have actually been identified and corrected.   

 

Why This Project is Innovative for Mackenzie Health                                                               

Mackenzie Health has a shared a forward-thinking vision for an Internet of Healthcare Things, in which 
medical devices are interoperable, and interconnected in intelligent ways in order to improve efficiency 
and quality of care, while improving the staff, patient safety and the overall hospital experience.  
Mackenzie Health has an unprecedented opportunity to combine clinical expertise with innovation 
experience, a “living laboratory” environment, network infrastructure technology, global partnerships, 
and visionary thinking to explore a vision of the future of healthcare delivery, and to establish Ontario as 
a global leader in applied healthcare innovation research and development. 

The Innovation Unit contains a representative sampling of hospital staff, physicians, with some key 
innovators and “early adopters” placed in order to foster adoption of new technologies and processes.  
With the addition of a closed-loop communications platform, mobile communications devices for the 
staff, and integrated bedside terminals for the patients, the Innovation Unit contains a sufficient density 
of smart, measurable devices in order to facilitate future evaluations and demonstration projects in the 
same space.  Data collected from these devices, as well as from the smart room devices include real-
time location system and network traffic and messaging.  Qualitative research on patient and staff 
experience also generates a continuous set of data streams that can be repeatedly analyzed using large-
scale (“big data”) for analytics tools to explore the impact of new technologies and processes on 
efficiency of care delivery, user experience and adoptability, patient safety and satisfaction, and clinical 
outcomes. 

 

How This Project is Linked to Mackenzie Health Strategic Plan 

Creating Canada’s First ‘Smart’ Hospital 

Mackenzie Vaughan Hospital, expected to be completed in 2019/20, will become Canada’s first ‘Smart 
Hospital’ equipped with the most technologically-advanced equipment enabled by a fully integrated and 
connected ICAT (Information, Communication and Automation Technology) infrastructure.  

Smart Investments: Future Projects 

The ‘Internet of Everything’ framework enables the filtering of noise, allowing smart investments into 
technologies that are future proof; interoperable and interconnected; patient-centered; and sustain our 
focus in efficiency, quality, and safety. 
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Unified Communications  

Unified Communications is defined as the combination of the IT infrastructure, voice, mobility (e-mail, 
instant messaging, and social media), data, presence, and video into a virtual workplace experience.  In 
the clinical environment, communication latency not only produces inefficiency in care delivery, it 
reduces the time available to caregivers at the bedside, and results in patient and staff frustration and 
dissatisfaction.  Organizations that have implemented effective unified communications solutions have 
reported return on investment (ROI) of up to 300%. 

Integrated Bedside Terminal  

The integrated bedside terminal is essentially a smart device at the bedside that provides information 
and entertainment (“infotainment”) options for the patient, but also facilitates communication by 
providing a menu of holistic choices.  

Advanced analytics via continuous data collection allows Mackenzie Health to determine the key factors 
and conditions in which innovations strive.  It has long been recognized that there are multiple factors 
that contribute to the success or failure of healthcare innovation, such as usability issues, as well as 
cultural, behavioural, and other social issues that are often not identified until post implementation.  
Continuous data collection and advanced analytics enable the understanding as to how innovations can 
be rapidly, safely and effectively deploy, integrate and adopt workflows from multiple vendor solutions 
into the Innovation Unit. 

 

Case Study #2: Humber River Hospital 

Humber River Hospital (HRH) is one of Canada’s largest regional acute care hospitals, serving a 
catchment area of more than 850,000 people in the northwest greater Toronto area. The hospital 
currently operates out of its Wilson Avenue site with a total of 656 beds, 3,300 staff, approximately 700 
physicians and 400 volunteers.  Its mission is to provide quality patient care for a diverse urban 
community within an ambulatory care centre and acute care hospital.  

To support HRH’s vision of reinventing patient care and optimizing health in their community, and to 
support the build of their new hospital of the future, HRH embarked on an ambitious and 
unprecedented digital vision – a platform that allows rapid application builds to support the workflows 
and uses cases across the organization.   

Essential to this vision was the need for a flexible platform that allows both hardware and software to 
integrate through an “abstraction layer.”  Peter Bak, the CIO of HRH was adamant that the hospital 
could not implement technology for the sake of technology.  “We want data to be actionable, to drive 
innovative workflow and better decision-making,” said Peter Bak (Zeidenberg, 2016).  As a result, he 
looked to IoT as a key enabler to support the four themes of the hospital’s digital vision: 
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1. Electronic Information – anywhere anytime, actionable to drive workflows and efficiencies – 
“electronic everything” (building related, health related. Corporate related) – use data from multiple 
sources. 

2. Being Mobile & Connected – unified communications and collaboration to ensure staff are 
connected wherever they are in the building. 

3. Systems Automation – automating processes and people – i.e using robotics to automate process 
where we do not need to use humans. IoT can be used to drive more efficient activity of humans – 
combining people automation with robotic automation. 

4. Patient Empowerment – empowering the patient to manage and participate in their care – patient 
portal but small things to control their environment (lights, entertainment, education), online check 
in and pre-registration - connecting people to primary care, home and long term care is a big part of 
IoT. 

A key assumption as HRH designed their new hospital and HRH’s digital vision was that IoT would be key 
enabler.  Peter and his team identified use cases that IoT could support throughout the organization.  
For example, HRH set out to ensure that the majority of patient rooms were private rooms.  Given the 
expanded space that the clinical teams would need to cover for patient care, IoT solutions such as real-
time locating and nurse call systems allowed the teams to deliver care and move from a nurse to patient 
ratio of 1:3 from 1:5.   

When the new hospital was built, the hospital even installed electro chromatic glass, which was IP 
enabled, to allow the glass to be lightened or darkened through the bedside terminals.  HRH’s IoT 
strategy was to enable all communication: systems to systems, systems to people, and people to people.  
From online patient check-in, to integrated bedside terminals that managed online meal ordering to 
controlling entertainment devices and managing physical environmental controls (e.g lighting, heating, 
window screens), IoT was essential. 

HRH also recognized the challenges in leveraging IoT in their new hospital and digital vision. The CIO 
highlighted that a key challenge was determining how to educate staff from all areas of the hospital on 
how IoT could be used to support their workflows.  While the new hospital was being built that was a 
conceptual discussion.  Once the new hospital was built, staff had a better appreciation of how IoT could 
be used, now that they were using new tools, enabled through IoT.  The education challenge shifted to 
having a flexible approach to creating a framework to support the development of new workflows, 
rapidly modifying existing workflows and then putting them into the hospital environment as quickly as 
possible.  

As HRH, continues to move forward with their digital vision new opportunities will continue to emerge 
that can be support by IoT.  Through a strong digital vison, flexible framework, and an abstraction layer 
able to connect with the various systems and users across the hospital, HRH will continue to drive better 
quality of patient care, better patient safety and better efficiency with IoT as a key enabler. 
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Next Steps & Conclusions 

IoT allows healthcare organizations to reimage healthcare delivery and the impact of new sources of 
information on the care for patients and the change in how work processes are assembled.  IoT is a 
digital disruption.  Organizations that understand the power of this disruption will reimage their 
organization structure, work processes and patient care.  IoT can enable the transformation of the 
healthcare organization to become a learning health system. Because of the disruptive nature of IoT, it is 
a topic for senior leaders in healthcare organizations.  More hospital leaders and CEOs need to 
understand the impact and value of IOT on their organization. 

Implementing IoT technologies can be done very simply.  There are many off-the-shelf solutions 
available today, from neo-natal monitors, refrigeration sensors to real-time locating systems.  An 
organization can let a product vendor define their implementation approach, but that would miss the 
point of the opportunity to transform the organization.  Healthcare organizations can develop 
partnerships with consulting organizations to reimage healthcare delivery. Along with tremendous 
opportunities there are risks.  The use of frameworks to best understand specific use cases, architecture 
and approaches can mitigate these risks.  For example, it is early adopters have realized that a 
technology infrastructure should be implemented incrementally towards an overall vision.  This 
evolution approach also translates to how change is implemented amongst work processes and with 
organizational adjustments 

IoT technologies and their related impacts would align well within an Innovation program, to allow 
technologies and use cases to be rapidly prototyped and then deployed across an organization.  The 
transformational impact of IoT can be demonstrated today at Humber River Hospital, the most “digital 
hospital in North America” uses IoT technologies at the core of their information ecosystem.  It can 
enable the transformation of healthcare. Senior leaders in Healthcare organizations can seize an 
opportunity to reimage care for the communities they serve. 
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Appendix A  

Phase 1 Project Outcomes- Mackenzie Health  

Phase 1 data was collected from our hand hygiene solution, which automatically records compliance 
with two moments of hand hygiene (room entry and exit), RTLS data, bed settings, time and motion 
studies of nursing workflow, falls data from a separate event reporting system, and satisfaction surveys.  
We continue to analyze the data from Phase 1 of our study and are presently working on a business case 
around the technologies.   

A sampling of our outcome data is provided below.  Data analytics below were performed using IBM 
Watson.  We are continuing to evaluate falls data and are currently compiling our falls data into a model 
for analysis, working with University of Toronto Industrial Engineering. 

 
 

Hand hygiene compliance over time is shown in the figure.  When we initially went live with the system, 
compliance was notably poor, and markedly below what is reported at most healthcare facilities, which 
we believe is due to a significant Hawthorne effect from manual data collection.  We initially attempted 
a behavioral change by tracking the best performer each week and celebrating them through a hand 
hygiene recognition program.  As you can see, this had no effect on hand hygiene compliance.  The first 
spike in the graph occurred when we had an outbreak on the unit and saw substantial improvement in 
compliance.   
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This improvement stopped immediately upon declaration of the outbreak resolved.  Subsequently, we 
connected our e-mail server to the system and began automatically sending individual staff their 
compliance data from the day before.  As you can see, there was a substantial improvement in hand 
hygiene compliance as a result (108% improvement vs baseline, and on-par with the “outbreak” 
compliance).  This improvement dropped off to about 80% after 6 months, but has remained sustained 
well above baseline. 

MH was also able to evaluate other behavioral effects of hand hygiene.  In the below graphs, you can 
see how hand hygiene compliance on entry is poorest in two rooms (4304 and 4305) which correspond 
to the two full time isolation room with antechambers on the unit.  Compliance on exit from these 
rooms exceeds other rooms, however.  We asked staff about this and discovered that they generally 
believe that because they are putting gloves on, they didn’t feel it necessary to wash their hands before 
entering, but when they exit the room, of course they wash their hands.  We are currently evaluating 
the data to determine if we can create sustained behavioral change by accounting for some of these 
behaviors. 
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Mackenzie Health has also been working on a predictive model for hand hygiene compliance utilizing 
CHAID decision tree analysis. Preliminary work has identified a sensitive model for predicting 
compliance with hand hygiene, but it requires knowing a priori how long a clinician is anticipated to 
remain in the room, so its practical value at present is limited.  In terms of other outcomes, a sampling is 
provided below, utilizing the HIMSS Health IT Value Realization framework. 
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