Working Memory —

Leveraging the Most Valuable Resource in Medicine
By Sandra Kay Tice

The trained, expert mind of a physician has been described as the most valuable resource in medicine. An
individual physician’s — or other health professional expert’s — working memory, is the mind’s system that uses
thought processes to learn and to generate intuitions, diagnoses, treatment plans and decisions. Such thought
processes are not taught and they are not found in textbooks, articles or reference material. But they can be
captured, integrated and improved; a fact first published by cognitive scientists in 1995 but that is just now being
developed into practical applications that enable accelerated learning, teamwork and better patient outcomes.

We at MIP have used this scientific research to develop an accelerating process for constantly improving thought
processes -- called Thought Process Optimization® (TPO). This process captures the thought processes that an
individual’s working memory uses to generate intuitions and decisions. Once captured, this content of working
memory is stored as a thought process model in a software application known as the Intellectual Capital
Repository” or ICR. The thought process models of each physician and/or other professional can be stored in the
ICR where they are continuously improved, integrated and shared across specialties and the healthcare system.

“The beauty and power of TPO is that it is readily understandable, instantly testable and
immediately adoptable. Not one person has questioned it, disagreed with it or even indicated
that it is unimportant. Nobody can go back to the old way of doing things after they understand
the concept. There are residents that are likely going to use it throughout their careers. TPO
may have made a big difference to thousands of patients in the future.” These statements were
made by the physician who implemented the healthcare test case on page five. That test case is
the basis for a TPO pilot project that enables participants to begin to reduce diagnostic and
cognitive errors within one week.

Improving diagnoses can have a dramatic impact on the quality of care. According to Johns Hopkins patient
safety experts Peter J. Pronovost MD and David Newman-Toker MD in their JAMA commentary, Diagnostic
Errors: The New Focus of Patient Safety, “...misdiagnosis accounts for an estimated 40,000 to 80,000 hospital
deaths per year and... tort claims for diagnostic errors — defined as diagnoses that are missed, wrong or delayed
—are nearly twice as common as claims for medication error.”

As part of the current drive to reform health care delivery, a number of planners are placing a heavy emphasis on
data-driven or evidence-based medicine. This can take several forms — procedures, protocols and clinical
guidelines —and when properly designed and used they raise the quality of care, save lives and reduce costs. But
these approaches have limitations. As Dr. Brent James, chief quality officer for Intermountain Healthcare in Utah
and a proponent of the use of protocols, noted in the online article in the New York Times Magazine (“Making
Health Care Better,” Nov. 8, 2009), it is not possible to write a protocol that perfectly fits every patient because
human beings are simply too variable in their biology. The article noted, that there also are many situations in
medicine for which there is no data and there may never be any. In such situations, intuition is the only tool that a
physician has. In fact, in Dr. James' judgment, the trained, expert mind of a physician is the most valuable
resource in medicine. It is this resource that TPO is designed to harness, capture, integrate and share with others.

With TPO, healthcare organizations can expand quality beyond protocols and guidelines to include thought
processes, intuitions and decisions. Individuals continuously improve their thought processes by using and
learning from the thought process models of colleagues throughout the healthcare system. In addition, new
physicians and other professionals, who do not have the experience of trained experts, can use the models of
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experts to quickly get up-to-speed. Multiplying the number of experts minimizes errors that result from wrong
intuitions and decisions. This reduces costs, shortens the time to treatment and improves patient outcomes.

The thought process model of a top trained expert is the starting point for empowering health professionals to
develop and continuously improve their unique personal models. TPO recognizes that people think differently
and allows for constantly accelerating growth and improvement of thought processes where as Best Practices is
a form of rote learning which imposes the prescribed way of performing a tasks on everyone.

Long-Term Working Memory

The development and improvement of thought process models requires understanding how the mind’s working
memory retrieves and uses thought processes.

Cognitive scientists define working memory to be
manipulation of information that is necessary for intuitions, decision-making, learning and expert performance.
Working memory has two components: short-term working memory and long-term working memory.

U Short-term working memory is a temporary store for all information that enters an individual’s conscious mind
from visual, aural and other senses. This is equivalent to a computer buffer that temporarily stores data.

U Long-term working memory is a system that creates and uses cues to retrieve thought processes from long-
term memory. Retrieved thought processes are then used for thinking activities. This is equivalent to a
computer program that stores, retrieves and processes information in order to generate some type of output.

U Long-term memory is virtually an unlimited lifetime memory store for thought processes and information that
is organized according to meaning. Long-term memory is equivalent to a computer’s hard drive.

In their paper Long-Term Working Memory (1995) leading cognitive scientists Drs. Anders Ericsson and Walter
Kintsch noted, “... capacity of reliable [short-term] working memory is assumed to be only around four chunks
[pieces of information]. Such a severe limit on working memory might seem far too restrictive to allow for
human performance levels.” These chunks form a short-term working memory hierarchical structure. Many
highly educated people believe their thinking is too complex to capture. But short-term working memory’s
limited capacity makes it impossible for the content of working memory to be too complex to capture.

Ericsson and Kintsch explained that to help overcome the limitations of short-term working memory, the chunks
of information used by experts contain cues for rapid selective retrieval of thought processes from long-term
memory. Once thought processes are in long-term working memory, they can be used for rapid expert decision-
making — or intuitions. This capability is available only to experts in their area of expertise because they have
learned from experience how to categorize and create the cues necessary to store and retrieve thought
processes. When an expert learns, what they learn is either incorporated into thought processes that already use
retrieval cues or is stored using newly developed cues. Non-experts do not have this capability. But they can
develop it by using the content of an expert’s thought process model.

With TPO, each expert’s thought process model contains the hierarchical chunks and retrieved thought
processes used by their working memory. Each thought process contains conditions and patterns that long-term
working memory seeks to identify when information enters the mind as well as the response or decision that
should be made when the conditions or patterns are found. While some models contain the same or similar
thought processes, they also contain many different thoughts because individuals have different experiences
and deal with different situations and patients. These differences are a constant source of learning, new ideas
and innovation.

In the following examples, two trained experts describe the different thought process models they use to make
an intuitive diagnosis. Both doctors use their thought processes to generate intuitions. These thoughts are
based on over thirty years of examining and treating thousands of patients. As patient information from visual,
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verbal and other sources enters their short-term working memory, it is temporarily stored for further
processing. This information is then examined by their long-term working memory as it seeks to detect
conditions or patterns that are contained within retrieved thought processes. Intuitions occur when conditions
or patterns, such as the ones the emergency medicine (EM) physician lists, are detected and the mind responds
‘without thinking’ with the decisions associated with the conditions or patterns.

An expert EM physician, who calls intuitions ‘flash reactions’ stated: “When | first interact with a patient, as far
as | can tell, all conscious thought stops for those first few seconds while | am gathering the information about
the patient — sick/not sick, hurting/needy/antagonistic/controlling, lucid/distracted/preoccupied/spaced-out,
stable/unstable and probably lots of other spectrums [conditions and patterns]. Then | spend the next five or
ten minutes trying to disprove that initial impression by asking questions designed to eliminate (or add) as
many other related things as | can pull up. Later on, it is fairly easy to evaluate the results of lab, X-rays or
treatments to wrap it up.”

A top infectious disease specialists stated: “I can ‘smell’ or sense how sick a person is with my first glance...
Remember a picture is said to be worth a thousand words - a real person is probably worth much more and almost
every one of the words indicate different components that are somehow coordinated and processed to create a
virtually immediate assessment — that is a very important and accurate phenomenon.”

This phenomenon is the basis for TPO and it is not limited to physicians. With years of practice, most healthcare
professionals develop this ability. The thoughts physicians and professionals use to process patient information
determines the quality of care an individual patient receives — not the information itself. When trained experts
retire, their evidence-based thought process model, which required many years of experience to develop, is lost.
With TPO, that model is retained, integrated, disseminated, continuously improved and used.

Putting Thought Process Optimization’ (TPO) to Work

To demonstrate the value of TPO, MIP recommends starting with a one week pilot project — the Three-Second
Exam™- that is based on the healthcare test case on page 5. The Three Second Exam™ uses the first phase of
an EM expert’s four phase thought process model for evaluating and treating EM patients. These four phases
are: Flash reactions, Immediate actions, Safeguards and “Making it so,” which involves delving into the
mechanics of the workup, management and treatment. Since the model is already available, starting with the
pilot project enables an organization to skip many tasks in steps 1 though 5. Business requirements for the ICR
must still be defined and implemented before performing step 8.

Step 1: Select subject area and top performer. An MIP consultant works with key individuals to select a subject
area in one essential area, such as evaluating and treating EM patients. When the subject area is chosen, one top
performer in that area is selected. This ensures that thought process models start with the best evidenced-based
decision-making available.

Step 2: Identify criteria for evaluating results. The consultant works with the top performer and key individuals
to identify criteria for evaluating immediate and periodically assessing results: metrics, expected patient
outcomes or any other appropriate method. For example, in the healthcare test case the criterion was to match
what experienced doctors had written in the patients’ charts. Validation of an individual's experience creates the
greatest "buy in" for trust, especially when people are changing the way things are done.

Step 3: Capture top performer’s thought process model. Once the top performer has been chosen, an MIP-
trained consultant captures their thought process model. Working memory chunks are captured first because
they identify “what” mental tasks working memory performs. This provides a roadmap for capturing thought
processes by discovering the underlying reasons “why” an individual’s working memory performs the particular
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mental task. Since most experts are not aware of their thought processes and do not understand what
consultants are seeking, the first few “thought processes” they provide are not meaningful. Capturing a series
of meaningful thought processes requires a highly skilled consultant using a carefully developed methodology,
rules and techniques. Consultants must assist the expert to reach down into their subconscious mind and bring
up thoughts the expert did not know existed. This approach works — as readily for a complex subject as for a
simple subject. This is the starting point for expanding quality...for learning and sharing...for decision-making
excellence...and for empowering health professionals to develop their own unigue personal models.

Step 4: Establish One-Term One-Meaning. An MIP consultant is responsible for identifying terms and making
certain that definitions are established. A key to producing thought process models that can be used by others is
the establishment of the One-Term One-Meaning principle across all models. Professionals in medicine, as in
other fields, often use multiple definitions for the same term and multiple terms for the same definition. For
example, a dermatologist stated, “primary physicians call EVERY rash a ‘maculo-papular rash,” which is worthless
as a description — particularly when someone tries to explain a rash to me over the phone.” One-Term One-
Meaning establishes a common language that not only minimizes misunderstandings caused by inconsistent
terminology but also links models across physicians, professionals, specialties and subspecialties. This integration
eliminates silos by creating a system-wide ‘virtual mind meld’ among physicians, physician assistances, nurse
practitioners, nurses, pharmacists and researchers whose thought processes are stored in the ICR.

Step 5: TPO training. Individuals who perform the function the model addresses are introduced to TPO and the
top performer’s model. They learn to be aware of their thoughts and how to view models, terms and definitions
in the ICR. This ensures that TPO, the content of the model, the terms and the definitions are understood.
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Figure 2

Step 6: Transfer and learn by using model. A copy of the top performer’s model is transferred through the ICR
to appropriate physicians and other professionals who learn by using the model to do their job. For example,
they learn to better diagnose a patient by following and mentally performing each thought process in the model
—one thought at a time. Usually this process is repeated several times, as it was in the healthcare test case. Ina
few hours, individuals learn to perform thought processes that it took the top performer years of experience in
examining and treating thousands of patients to develop.

Step 7: Measure and evaluate results. Each time the top performer’s thought processes are performed, the
results are recorded and compared to the evaluation criteria. For example, the results might be compared to
the top performer’s diagnosis for the same patient. This validation of what they have learned provides the “Ah
ha!” moments that are needed to accept change and achieve TPO “buy-in.”

Step 8: ICR training. Individuals are trained to use the ICR so that they can use their copy of the top performer’s
model to develop their personal thought process model and optimize it to generate better patient outcomes.
Since each individual’s thought process model is unique, each has their personal model in the ICR. This means
that if there are 100 individuals, then there are 100 personal models. Each is responsible for changing their
model but they cannot change another’s model and no one else can change their model. Each also learns to
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access, question and use colleagues’ models as well as their personal models. This ability to access and
interactively exchange thought processes enables individuals to learn from their colleagues at accelerated rates.

Step 9: Establish accelerating process for constantly improving thought processes. Individuals continuously
improve and change their copy of the top performer’s model to fit their situation and what they learn from
experience when using improved thought processes to diagnose and treat patients. That is shown in Figure 2 by
the arrow coming back to the ICR. The arrow from the ICR to the top performer shows that new and improved
models are available to the top performer and other physicians and professionals. This constantly raises the bar
for quality, patient safety and healthcare improvement as everyone learns from practicing medicine and viewing
their colleagues’ models. This means everyone using the ICR can learn from each other regardless of time and
location. Accelerated sharing and learning empowers health professionals to stay current with emerging research
and changing health conditions. It eliminates silo thinking...enables effective teamwork...and inspires innovation.

Step 10: Periodic self-assessment. Physicians and other professionals want to know that they are on track,
improving patient outcomes and perfecting their intuition and decision-making abilities. Self-assessment enables
them to hold themselves accountable and to identify when to devote more time to perfecting their thought
processes and whose thought processes they need to access and learn from in order to quickly get up to speed.

In a collaborative paper called Delivery System Reform, Intermountain Healthcare, Kaiser Permanente and Mayo
Clinic stated their vision for reforming the health care delivery system: “Create an integrated delivery system in
which health professionals share information, learn from each other and hold themselves and one another
accountable in order to generate the best health outcome at the most reasonable cost for each patient.” TPO
makes that possible.

Research has shown that educated adults and 80% — 90% of medical students not only prefer to learn from
internet resources but also use and trust these resources more than printed material. Since the ICR is a web-
based application, its content can be accessed through the world-wide web or secure internal networks. As the
number of models in the ICR grows, learning can expand beyond physicians and other professionals to include
students and patients. Allowing residents, interns, medical students and patients to access the ICR’s content
would enable them to find exactly what they are seeking without reading more than a few simple statements...
all terms would be defined...and pointers to pertinent reference material would be available.

A Healthcare Test Case

Once the expert EM physician, who was mentioned earlier in this paper, understood the thought process model
he used to produce ‘flash reactions’ or intuitions for initially diagnosing a patient and taking immediate action, he
transferred the model to residents, interns and medical students. He reported:

“Interns learned my model fairly fast, but needed a little coaching on terms and definitions. Medical students
were slow to catch on. They had a hard time picking up even the most basic ‘sick/not sick’ distinctions. Second-
year residents understood the model immediately and incorporated it into their exams in fifteen minutes or less.
Within one day they were teaching the model to others, had become aware of their own thought processes and
were amplifying the concept. | was surprised to see myself quoted on day two during a presentation of a topic
to the group.

“Once they were using my model to produce ‘flash reactions’, they all — residents, interns and medical students
—were blown away by how much they could pick up from the patient in three seconds without ever asking a
question. They were in awe of how accurately they had formulated a course of action that matched what
experienced doctors had written in the charts. It definitely helped having a line-up of sick patients — acute Ml,
septic shock, head bleed from trauma and seizure from an old stroke — so they could see the differences.
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“Teaching that ability is quite easy and the students loved it. | expect that a small pilot project would create so
much enthusiasm by the students that they would absolutely demand it for all their colleagues. This is true
accelerated learning and it is only achieved through a direct transfer of thought processes. Normally, high
quality performance is a hit-or-miss, trial-and-error process that can take many years.

“What we currently think is the best thing for the patient will often turn out to be wrong at some time in the
future. TPO may yet turn out to be the best way to sort out what truly is best for the patient from what is in
vogue. Since it reduces diagnostic and cognitive errors, it also has the potential to lead to improved medical
outcomes earlier than might otherwise occur.”

While he validated the TPO concept with minimal coaching, he was not able to capture his entire thought process
model. Doing that requires close work with a consultant and using the ICR. He also noted that TPO can be used to
improve communication between doctors and nurses.

“Thought processes definitely determine what course of action doctors follow. If nurses knew what the doctor
was contemplating, doctors and nurses would be more efficient. It works so much better to have a nurse who is
also thinking about what is wrong with the patient and what needs to be done. This leads to fewer errors —a
major problem in medicine — faster treatment, more efficiency and a smoother overall working relationship.

“Doctors also encounter fewer interruptions when they work with nurses who understand how they think. |
consider interruptions a true barrier to good care. Each time the doctor is interrupted, he has to stop what he is
thinking about, pull up some thought from long-term memory to deal with the question, then start again on the
first problem. |imagine, on average, that | am interrupted every ten minutes in the ER. | don't know why more
patients aren't hurt because of the constant stops and restarts in thought processing.”

Once the thought process models of doctors are stored in the ICR, the nurses they work with can understand
how the doctors think, what they may be contemplating and either anticipate or strengthen the course of action
doctors follow. This can minimize errors, reduce interruptions and improve patient outcomes.

Conclusion

The most valuable resource in medicine is the thought process model that is used by a trained expert’s working
memory — the mind’s system that uses thought processes to learn and generate intuitions, decisions and expert
performance. TPO is a key to unlock those thought processes so that they can be disseminated, used and
continuously improved by others.

TPO uses the ICR to capture and store the best evidenced-based thought process model available. This is the
starting point for empowering individuals to develop and continuously improve their unique personal models.
This capability enables new physicians and other professionals, who do not have the experience of trained
experts, to use the models of experts to quickly get up-to-speed. TPO also ensures that evidenced-based
models, which take years of experience to develop, are not lost when individuals retire...are always up-to-
date...and are always available to everyone.

Thought process models in the ICR can be shared and used as widely as desired, both within and outside an
institution. When the models of physicians and other professionals are in the ICR, they are linked to one another,
shared and continuously improved. Thought Process Optimization’ — an accelerating process for constantly
improving thought processes — provides One-Term One-Meaning and the virtual mind meld that is needed to
continually reduce diagnostic and cognitive errors, inspire innovation and produce healthcare improvements that
are not even imagined today.
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