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adiology has been on the forefront of change in

the health care field since the discovery of the

x-ray by Wilhelm Roentgen in 1895. Since this

time, radiology has embraced advances and new
technology, including new modalities (eg, computed
tomography [CT], magnetic resonance [MR] imaging),
the shift from film to digital images, and minimally inva-
sive image-guided procedures. As a specialty, radiology
continues to be a driving force for advancements in med-
ical practice, moving toward a more patient-centered
approach to care. With technological advancements
come the potential for disruption throughout the health
care field. With the advent of the PACS, now referred to
as the medical image management and processing system
(MIMPS), radiologists were no longer the sole propri-
etors of an image because images could now be shared
with the spectrum of the patient’s caregivers. Advance-
ments in equipment, image storage and sharing, and
dictation have further allowed radiologists to be a
disruptive force in health care, thereby streamlining
diagnosis and treatment of patients through increased
efficiencies. Although these advancements increased
radiologists’ efficiency, they also opened the door to
commoditization of the specialty.

Recent innovations in health care have focused on
changes in payment mechanisms, through bundled pay-
ments and capitation, and machine learning. Payment
reform has shifted direction from fee-for-service to
value-based purchasing. Under this paradigm, imaging
is moving from a profit center for hospitals and large
groups to a cost center.' Machine learning has a higher
potential for disrupting radiologist workflows because
of its potential to decrease overall costs and increase
efficiencies in patient care. This potential for disruption
causes much angst for many radiologists because of the
potential for job displacement and decreased individual

228

perceived value. Machine learning advances will change
the landscape of radiologic practice, but radiologists will
determine what radiological practice looks like in the
future. One of the largest tasks that radiologists have is
determining how to handle innovation and change at
all levels of their organization while maintaining patient
safety, security, and quality.”’

Change management throughout an organiza-
tion is challenging, but it is something that radiology
leaders must be well versed in. In the business sector,
there has been a large emphasis on adapting transfor-
mational tools to improve quality, safety, customer
satisfaction, and profit margins. John Kotter’s 8-step
process for leading change was recently reviewed.
Another noteworthy example of adaptation tools is
lean process improvement and its predecessor Toyota
Production System. The objective of the Toyota
Production System is to create a system that designs
out inconsistencies, eliminates waste, and decreases
unreasonable excessiveness—mura, muda, muriin
Japanese.® Lean processing has evolved as an efficient
way to implement the ideals of the Toyota Production
System into the hospital setting. However, there often
is a disconnect between implementing change in the
clinical setting and understanding whether the culture
of the staff is primed and ready to implement change at
all levels of the organization. As a result, efforts to make
improvements often are short lived.

There are several models of change in the business
literature that give insight into leading organizations
through change. Three models provide various tactics
for implementing new paradigms into an organization.
These include the transtheoretical model, the diffusion
of innovation model, and plan-do-study-act (PDSA).
Each of these models has strengths and weaknesses.
Matching the model to the type of change needed, as
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well as the organizational culture, is necessary to create
successful organizational change.

Transtheoretical Model

The transtheoretical model of change was first
proposed by Prochaska and DiClemente in 1983 as a
biopsychosocial model of understanding behavioral
change.’ To date, this has been used most robustly in
addressing addictive behaviors such as smoking, with
much success in the health care space. More recently,
this model of change has been used to improve mam-
mography screening rates and follow-up.” This model
stands on the premise that behavioral change progress-
es through 6 stages®:

® precontemplation
contemplation
preparation
action
maintenance

® termination
In addition, there are dependent variables, including
decisional balance, self-efficacy, and temptation, as
well as independent variables characterized as processes
of change.* A key feature of the transtheoretical model
is that the steps must be completed in sequence
without skipping.

A person in the precontemplation stage is character-
ized as currently not engaging in the target behavior and
having no intention to do so. Typically, these individuals
are not fully informed of the consequences of a behavior
or lack of a behavior. In organizations, these people often
are labeled as resistant or unmotivated to implement
change. The contemplation stage is characterized by
a person who is intending to act in the next 6 months.

In this stage, there is an awareness of the advantages to
making a change, however the disadvantages of making
a change still have substantial weight. The preparation
stage is one in which people are ready to act in the near
future, usually in the next month. With this stage comes
aplan of action. In the behavioral health care space

this has typically included action items such as joining
agym, joining a group, or implementing a self-change
approach. In the action stage, a person is performing spe-
cific tasks or modifications to implement the behavioral
change they are seeking. This stage includes observable
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change such as cessation of smoking. In the maintenance
stage, the individual is working to prevent relapse but
does not need to apply change processes as often as those
in the action stage. The final stage, termination, is one in
which individuals have no temptation and are confident
that their behavior will remain no matter what obstacles
they may face. This behavior is now automatic and rou-
tine. Although termination is the goal of change, most
people spend the majority of their time after a behavioral
change in the maintenance stage."

Often overlooked in the transtheoretical model
of change is decision-making and decisional balance,
which were conceptualized by Janis and Mann in 1977
as a balance sheet of cost and benefits that included
8 decision-making constructs':

® approval from others
approval from self
disapproval from others -
disapproval from self
instrumental benefits to others
instrumental benefits to self
instrumental cost to others

® instrumental cost to self
Although this model has been directed largely at health
behaviors in patients, the basic construct of how people,
and therefore organizations, manage change at a behav-
ioral level is likely not much different. Understanding
where people in an organization fit in the stages of change
can allow for a more targeted approach to addressing
needed change. For example, using structured and
standardized reporting has been shown to decrease
ambiguity in interpretating reports that can lead to con-
fusion and medical errors and also promote adherence
to guidelines." This has been best represented by the
implementation of the Breast Imaging Reporting and
Data System.

Transitioning practices into standardized templates
is a prime case for assessing the stages of the trans-
theoretical model of change. There are clear reasons to
standardize templates for reporting purposes in radiol-
ogy, in addition to those stated above, such as improving
the search of reports for research purposes, improving
patient care through standardized language, and allow-
ing for review of diagnostic accuracy and outcomes.
However, the barriers can be high for radiologists who
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are not used to standardized reporting and might feel
that it will slow them down, decrease accuracy, and
impede their communication styles. Radiologists at this
stage, with no intention of moving into standardized
reporting, are in the precontemplation phase. A radiolo-
gist in the contemplation phase understands the benefits
of this type of reporting and plans to make changes but
still has reservations. For radiologists in the precontem-
plation and contemplation phases in this scenario, data
and information regarding the benefits of making this
behavioral change are key. In the preparation phase,

the radiologist is actively engaging in steps that will
allow them to begin using standardized reporting in

the group, either by creating templates for the group or
giving constructive input to the group on what the tem-
plates should look like. A plan to move into standardized
reporting is now in place. In the action phase, the radi-
ologist is using standardized templates with the group
as current practice. In the termination phase, there is no
temptation to move back to the previous mode of opera-
tion, and standardized reporting is second nature.

If institutions seek to implement structured report-
ing throughout the department, an understanding of
where an individual radiologist is along the stages of
change is useful, and a targeted approach to that indi-
vidual’s needs can be implemented through education
and evaluation of the pros and cons they are facing.

Diffusion of Innovation Model

The diffusion of innovation theory was developed
in 1962 by Everett Rogers to explain how an idea or
product spread through a specific population or social
system.” Rogers defined diffusion as a kind of social
change and a process by which innovation is communi-
cated through certain channels. He determined 4 main
elements in this theory: the innovation, communication
channels, time, and a social system (see Figure 1).

An innovation is an idea or practice that is perceived
to be new. The subject of an innovation can develop
favorable or unfavorable views of the innovation.
Different rates of adoption often are determined by a
certain set of characteristics™:

® relative advantage — the degree to which the

innovation is perceived as better than the idea
that precedes it
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® compatibility - the degree to which the innova-
tion is consistent with the values, needs, and
experience of the adopter

® complexity — the degree to which an innovation is

difficult to understand and use

® trialability — the degree to which an innovation

can be experimented with on a limited basis

® observability — the degree to which the results of

an innovation can be seen by an adopter

There are multiple channels through which dif-
fusion of innovation can occur. These include mass
informational exchanges, such as via email, radio, social
media, and television, as well as interpersonal channels
(ie, one-on-one interactions). Research has shown that
individuals with similar attitudes, beliefs, and values
will disseminate communication more effectively than
will a more heterogeneous population.” The larger an
organization or practice, the more challenging it can be
to communicate innovations and for them to diffuse
throughout the system. This is likely why time is such
an important element in the diffusion process.

Time is an integral piece in allowing for the decision
process surrounding an innovation to occur and under-
standing rates of adoption. The innovation decision
process describes the process of first having knowledge
of an innovation and forming an attitude toward it. This
process includes 5 phases™:
knowledge
® persuasion
® decision

® implementation

® confirmation

Knowledge is when a person is exposed to the inno-
vation. Persuasion is when the person forms a favorable
or unfavorable attitude toward the innovation. The
decision occurs when the person seeks to adopt or reject
the innovation. Implementation is when the innovation
is used. Confirmation is when there is reinforcement of
the decision to implement the innovation or reject it.

In this process, the rate of adoption varies among
individuals and groups. This has led to a classification
of adopter categories: innovators, early adopters, early
majority, late majority, and laggards. Innovators are
those who seek out new ideas, often not needing much
information to try a new product or idea. They are more
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Figure 1. Diffusion of innovation vs the dissemination of innovation. Figure courtesy of the authors.

comfortable with uncertainty. Early adopters often
represent key opinion leaders and are comfortable with
adopting new ideas. The early majority often need to
see evidence that an innovation works and is superior to
the status quo before adoption occurs. The late major-
ity are often skeptical of change and often wait until the
majority are using the innovation successfully. Laggards
are typically the hardest group to convince to adopt
change, often requiring statistics and peer and manage-
rial influence.

As a technology-centered field, radiology often is at
the forefront of the adoption of new technologies. At the
center of this discussion today is the implementation of
artificial intelligence into the radiologist workflow. An
individual radiologist can look at artificial intelligence
in 2 different ways. It can be seen as technology that can
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augment image interpretation, optimize prioritization
of worklists, and enhance scheduling practices, or it can
be seen as potential threat to future livelihood and job
security. In both cases, individuals have been exposed
to a new technology (knowledge), formed a positive

or negative view (persuasion), and moved toward a
stance to reject or adopt the technology (decision). Ifa
group decides to increase its exposure to artificial intel-
ligence, a considerable amount of time must be spent

in these 3 phases with the radiologists. Understanding
who in the group is an innovator or early adopter, as
these individuals will be champions for the change,

and who in the group will be a late adopter or laggard,
as these individuals will need more information and
observable points of reference, is important. The social
network is likely the most important aspect of diffusing
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innovation. Understanding the social norms in an
organization, where the opinion leaders stand, and who
the change agents will be is vital to the diffusion of
innovation. Most health care systems are hierarchical,
and new ideas and processes are brought in from the
top down. However, the informal social structure in an
organization should not be discounted, and often has
more power for implementing sustained change. The
structure of the social system can facilitate or impede
the diffusion of an innovation."

Diffusion of innovation is a more informal and
unplanned process (let it happen), while dissemination
of innovation is more structured and managerial (make
it happen). Both require a strong social network of lead-
ers and change agents.” Often, the dissemination of new
innovations in the form of technology, efficiency mea-
sures, and guidelines is slow in the health care space.
Berwick gave several recommendations to health care
executives on how to accelerate change, including™:

® create slack for change
find sound innovations
find and support innovators
invest in early adopters
lead by example
make early adopter activity observable
trust and enable reinvention

w |||’

Plan-Do-Study-Act

The PDSA model is used widely in health care quali-
ty improvement. PDSA is a systematic cycle for building
knowledge and implementing a continual improvement
process. The PDSA cycle evolved from earlier models
developed by Walter Shewhart and Dr William Edwards
Deming, including the Deming wheel.”” The strength
of the PDSA cycle is its foundation in the scientific
method such as hypothesis formation, data collec-
tion, analysis, and results interpretation. This model
was originally created for industry, but was translated
into health care in 1996 by Gerald Langley.” In this
adaptation, plan is characterized by identifying the
objective and resources to carry out the cycle (includ-
ing financial, human, structural, and system resources).
Do entails executing the plan and documenting issues
and unexpected observations. Study involves analyzing
the data, comparing data to the initial hypothesis, and
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summarizing conclusions from the data. Act begins

the process of reiterating the project by determining
what changes are needed and how the next cycle will
proceed.” The Model for Improvement (Associates

in Process Improvement) is used as a precursor loop
before the PDSA cycle (see Figure 2). This model
interjects 3 questions before the cycle is initiated: What
are we trying to accomplish? How will we know that a
change is an improvement? and what changes can we
make that will result in improvement?”

A systematic review of the PDSA cycle was published
in 2013 in which the authors analyzed the success of
the PDSA framework implementation in the United
States, United Kingdom, Canada, Australia, and the
Netherlands. In this review, less than 20% of health
care institutions documented a sequence of iterative
cycles, and 15% reported the use of quantitative data
at frequent intervals to inform progress. This review
concluded that although the PDSA model has been
implemented throughout health care, there is a broad
lack of adherence to key principles in the method, espe-
cially around data collection and reporting, Because of

What are we trying to accomplish?
How will we know that a change is an improvement?

What changes can we make that will result in improvement?

« What changes « Identify
are needed? %z objective

« How will the next S _ «Identify
cycle proceed? Act  Plan resources

N

« Execute plan
« Document
issues and
unexpected \
observations |

« Data analysis

« Comparing data
to hypothesis

« Summarizing data

conclusions

Figure 2. A. Model for improvement framework. B. Plan-Do-Study-
Act cycle. Figure courtesy of the authors.
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a range of inconsistencies, most projects had a single
iteration, failed completely, or both.” If optimally used,
PDSA has the capability to truly implement the scien-
tific method as a process for change.

Discussion

Given the mutuality of radiology and innovation,
it is imperative that radiologists understand how to
approach change in their organizations in a thought-
ful and systematic manner. With changes in payment
structures and enhanced computing capability, radi-
ology needs to be proactive, rather than reactive, to
change. The way to do this is by understanding how
change happens and ways to guide it effectively.

Often overlooked in change management at the
organizational level are the individuals in that organiza-
tion and an understanding of the social structure and
network that are needed to implement a change process.
The transtheoretical and diffusion of innovation mod-
els can help leaders reveal who in their organization
is moving toward the change sought and who is not.
The transtheoretical model can further identify which
stage an individual or group is in and strategize ways
to increase exposure and education about the desired
outcome; for example, the model can help identify who
is in the precontemplation phase and devise ways to
move toward the next step and ultimately to action. The
diffusion of innovation model can help identify change
agents and opinion leaders in an organization, which
can be used strategically to disseminate change every-
where. Although these models focus on the types of
individuals involved in making positive improvements,
the PDSA model puts a scientific framework around
change and allows for data collection and tracking of
progress through several iterative cycles. The authors
propose that using these models will affect positive
change for radiology organizations and groups.

Conclusion

Technologists are constantly faced with new tech-
nology and the need to redesign, improve, or replace
existing processes. By applying these methods to
proposed changes, change management projects can
be implemented successfully and benefit long-term
patient care and quality. This is not completed with a
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top-down managerial approach, as is often the case,
but by identifying leaders throughout all levels of the
system and actively engaging them in a well-organized
change process.
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