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Introduction

The classroom has been the space for teaching and learning throughout the centuries and continues as a vital
component of physics education now and into the future. The major purpose of a classroom is to bring together two
parties, students, and teachers. The students, the class, are there to learn or develop mental knowledge structures of
specific topics. The teacher, the educator, is there to help and enhance the learning process through several activities.
This can occur in many forms ranging from verbal lectures in which the teacher talks about what he or she knows to
leading a highly effective interactive learning activity with physical or visual representations of the physical universe
being studied. The significant is the type and characteristics of the teaching determines the type and ultimate value of
the knowledge developed by the students and how it can be used to support future activities, especially as practicing
physicists or other professions, especially medicine in which physics is a fundamental science.

Classroom teaching and learning, especially for physics, has evolved through a series of developments during the
60-year period (1960-2020) that is considered here. A major factor has been the developments in technology, ranging
from a piece of chalk and a blackboard to digital technology and the World Wide Web. In most fields of physics, and
especially medical physics, the scope and complexity of the diagnostic imaging and therapy technology and physics
applications has “exploded” requiring major developments in the educational process and classroom activities to meet
the needs of the professionals.

During the approximately 60-year period considered here, there have been at least ten (10) distinct eras, most
defined by the developments and available technology. There are two (2) often conflicting characteristics of
classroom learning activities that impact the continuing evolution. One is the effectiveness in the development of
useful knowledge and the other is the efficiency with respect to the effort, cost, and resources required.
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From my personal perspective the two major advances have been adding “windows” to physics classrooms to
visually connect students to the physical universe and the development of “collaborative teaching” as will be
discussed later.

The period considered here, 1960 — 2020, generally corresponds to my classroom teaching career in which | have
experienced and, in some cases, hopefully participated in the Historical Evolution of Physics Classroom Learning
and Teaching.

There are many elements in the continuing development and evolution of the physics classroom as a space for
learning and teaching as illustrated below.
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These are some of the factors that will be considered as we follow the evolution of classroom activities to meet the
expanding needs for physics knowledge, especially in the field of medicine.

There are two distinct components of classroom function, humans and technology. While the development and
dramatic expansion of technology has brought major advances to the classroom, technology continues to be the “tool”

that can be used by the humans, both students and teachers, for much more effective and efficient learning
experiences.

It is the human teacher that uses their knowledge, experience, and available technology to help students learn
and develop appropriate and valuable knowledge structures. The classroom, both as a physical room, or a virtual
world-wide network maintains it longtime purpose, bringing together, students and teachers.

2. In the Beginning

Although classrooms have been at the center of learning and teaching for centuries, here we are considering a recent 60 year
period in which the extensive evolution of the classroom has occurred. The story begins in 1960 when | joined the Emory
University faculty in Atlanta as a young physics instructor as illustrated in Figure 1.
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Emory University 1960

(As remembered by the author)

Figure 1. The author’s first classroom equipped with a blackboard and a few pieces of chalk for writing and drawing.

A classroom with a blackboard and chalk was standard in most institutions around the world as it had been for centuries. It
was the type of classroom in which many of us received our education and began our teaching careers. It provided us with
what we needed to teach as “we had been taught” by lecturing and drawing or writing on the board.

As a young physics teacher standing before a large class, | was overwhelmed with the thought, how am 1 going to help
these students learn about the great physical universe out there when we are completely separated from it and enclosed in
this classroom, that I began to describe as “dull box without windows ” and all I had was a blackboard and some pieces of

chalk?

That challenge was to motivate my efforts throughout the next 50+ years to develop “classroom windows” through which
students could view and interact with the many details of the physical universe, especially medical physics, and teachers could
more effectively guide the learning process. That ongoing and continuing process involves a combination of many factors
including the expanding needs for physics knowledge for clinical applications, the research and development of models for
the learning and teaching process by several innovators, and especially the continuing developments and applications in
technology. My personal experience over the years provides the background and perspective for reviewing the many
developments and evolution of the physics classroom and especially the impact on medical physics education today.

3. Learning and Teaching

There are two specific activities that occur in classrooms, learning by the students and teaching by the professional educator,
generally designated as the teacher. The quality of learning by students, both in content and types of mental knowledge
structures depends heavily on the abilities and actions of the teacher and technological resources available in the classroom to
enhance the learning process.

Learning

Learning is generally defined as the acquisition of knowledge or skills through experience, study, or by being taught. It isa
natural mental function that occurs within the human brain. It is a highly complex process with ongoing research in several
scientific disciplines.

For those of us who are medical physics educators some less complex but verified models of the learning process as
described later provide what we need to know to develop and conduct effective classroom learning activities.

Teaching

Teaching is what we as educators do or attempt to do in the classroom. It can occur in many forms often depending on the
subject being taught, the needs of the students, the available resources, and the knowledge, experience, and motivations of the
teacher. It can range from just speaking and lecturing to leading multi-sensory interactions with the physical reality or
representations of reality, especially images.
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The Challenge

For me there was an immediate challenge. How was I, the teacher, to connect and teach my students about the extensive
physical universe when we were enclosed in a room and the only things, we could see were walls and a blackboard on which
I could write and draw.

Classrooms with blackboards were the standard in schools, including colleges and universities, and were considered
adequate for teaching many subjects with lectures and words and symbols on the blackboard. Subjects including history,
literature, and mathematics.

The great limitation and challenge were in teaching the sciences and medicine in which mental knowledge structures other
than facts, definitions, verbal descriptions, and symbolic representations and relationships were needed. What students needed
was conceptual knowledge and sensory, generally visual, representation of the physical universe

4. Mental Knowledge Structures for Physics

The major purpose of classroom teaching is to help learners/students develop knowledge, generally to fulfill their specific
needs relating to how they will use the knowledge in the future. Knowledge of physics, including medical physics is a mental
representation of segments of the physical universe within the human brain as illustrated in Figure 2.

Learning Medical Physics
is
Building a Knowledge Structure
A Mental Representation of 7

Medical Physics

Learner

Figure 2. The concept of physics knowledge as a mental representation of the physical universe.

The development and preservation of knowledge within the brain is a complex process. With respect to physics, it is helpful
to consider two major types of knowledge structures, sensory concepts and symbolic (words and symbols). Both are valuable
and enables the learner to perform specific functions.

Physics is a highly quantitative science and the symbolic representation with mathematical symbols and equations is the
type of knowledge needed for many functions including analysis and evaluation where quantitative values (radiation dose,
image blurring, etc.) are required. It also provides an understanding of the many quantitative relations among physical
quantities; Ohm’s law is an example. Physics knowledge in the form of mathematical equations and ability to make calculations
has value for many functions but is not the knowledge needed to understand and manage the physics in applications, both in
our daily lives and professionally. This requires physics knowledge in the form of sensory concepts.
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The distinction between these two knowledge types, symbolic and conceptual, is a major factor in providing effective
classroom learning activities.

Learning Physics
Learning physics is an ongoing natural human process (along with breathing, eating, etc.) as we experience the physical world
around us that begins soon after birth and long before we begin school and organized education. Consider our learning the
physics of water, a major component of the physical universe as illustrated in Figure 3.

Natural Learning of Physics
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Figure 3. Learning the physics of water.

The physics we learn naturally throughout life, like the physics of water, has several valuable characteristics that can guide
us in developing more effective classroom learning activities in medical physics.
e Itis learned through observation and interaction with a segment of the physical universe.
e The knowledge gained through observation and interaction can be enhanced with guidance from others with
experience, parents, swimming couches, etc.
e Itisvaluable knowledge that can be used in many future activities involving water, as a beverage, cleaning, sports,
and much more.

Through this natural process we learn many other branches of physics including mechanics (toys, sports, work projects),
optics (sight and use of lens), acoustics (music and entertainment) , and often some electricity and magnetism.

Knowledge Characteristics, Types and Levels

A contributing factor to the historical evolution of classroom learning and teaching has been the research and development
of conceptual models of the organization and characteristics of knowledge within the human mind. One that has been used
extensively in the development of educational methods and activities is provided by Bloom in the form of a taxonomy and
illustrated in Figure 4.
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Figure 4. The levels of knowledge as defined in Bloom’s Taxonomy with example medical physics applications provided
by the author.

Bloom’s taxonomy is an organization and classification of different knowledge types into levels generally relating to
complexity. Each level is associated with specific functions or activities requiring that type of knowledge. It is named for
Benjamin Bloom who led the group of educators who developed the taxonomy and edited the first book, Taxonomy of
Educational Objectives: The Classification of Educational Goals. This, and later revised editions have been used in the
development of learning objectives, testing, and teaching methods and activities.

As illustrated in Figure 4, there are different types of knowledge needed for specific medical physics functions. The
significance is educational activities, including classroom teaching must be designed and delivered to help learners develop
the required knowledge.

With this background of learning physics, we can now consider the classroom in its role of physics education. This
includes value and advantages it brings along with its major limitations and challenges.

5. Effectiveness and Efficiency of Learning and Teaching Activities

Any learning activity, and especially those in classrooms have two major, and often conflicting characteristics, effectiveness,
and efficiency. These are major factors that have driven the continuing developments and evolution of physics classrooms and
teaching over the years.

The Purpose and Efficiency of the Classroom

Our interest and subject of this article is classroom learning and teaching and specifically the evolution over the course of
recent history. Let’s consider the major purpose of a classroom. It is a place for bringing together a group of
learners/students, the class, and bring them into a relationship with a teacher. There would be other ways of connecting
students and teachers, for example one-to-one tutoring but the classroom provides one major value, efficiency. It provides
one person the ability to connect with and teach a large class of students as illustrated in Figure 5.
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Figure 5. Illustration of the efficiency of a large class being taught by one faculty member.

That is the major value and purpose of classroom teaching. Another factor affecting efficiency are the methods used for
presenting the topics to the class. At the top of the list with respect to efficiency is lecturing, a verbal description and
explanation of a topic, often with some form of visual illustrations. This has been the predominate form of classroom teaching
for many subjects over the years.

The Effectiveness of Classroom Learning and Teaching

The prevailing issue with any learning activity, and especially in the classroom is the value of the knowledge developed by
students, what can it be used for. That is how effective is the knowledge in preparing for specific functions and activities.
Within the field of medical physics there are many different functions to prepare for, especially with the expanding clinical
applications.

Preparing medical physicists and related medical professionals, especially radiologists, to use physics knowledge to enhance
both diagnostic imaging and therapeutic medical procedures is a continuing educational challenge, and especially with
classroom teaching. Classroom methods and activities that can be effective in producing appropriate knowledge for clinical
applications are generally not efficient in terms of human effort by the educators and availability of learning and teaching
resources.

The effectiveness and efficiency of conducting a learning activity, or teaching a class is related to how the physics topics
are presented to the class, or how the class is connected to the physical universe they are learning about. Edgar Dale’s model
of the learning and teaching process illustrates this relationship as shown in Figure 6.

Dale’s Cone of Experience and Learning
“ The Learning Pyramid”.
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Figure 5. Dales “Cone of Experience” that illustrates relationships among the several characteristics of the learning and
teaching process.

Medical
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The model is constructed on the different methods used to represent the physical universe in a teaching and learning
“experience” or activity. This is different from Bloom’s taxonomy of the types or levels of knowledge illustrated in Figure 4
but there is a significant relationship that impacts classroom teaching, especially of medical physics, as will explore later.

Learning Activity Characteristics

The different learning activities, or experiences are organized by Dale at different levels based on the type of sensory
interaction between the student and subject matter (physical reality) and the teacher. As illustrated, these range from a lecture
or verbal description (sound) to multi-sensory observations and interactions at the bottom or base of the cone. This generally
corresponds to the degree of abstraction of the representation of the physical reality. From the top to bottom the experiences
become less abstract with increasing details conveyed through multi-sensory, especially visual, and physical interactions.

Remembering and Mental Retention

It has been demonstrated that humans remember much more of what they have experienced through multi-sensory
experiences and interactions than from just hearing lectures. This is associated with the types of knowledge structures formed
within the brain. Mental retention is a significant factor in medical physics education but is not the only value in the less-
abstract learning experiences represented by the lower levels in Figure 6. This is what we will now explore.

Effective Learning and Teaching

Hopefully everything we learn has a purpose. Often it is just to broaden our knowledge relating to our interests and activities
and the world around us so that we are “better educated”. Learning medical physics has two other very specific purposed. One
is obtaining good, a least passing, scores on tests and examinations and the other is performing specific physics-based functions
and procedures, especially in clinical activities. This is what results in specific learning objectives which then determines what
and how it is taught in the physics classroom.

The reality is “teaching to the test” and teaching to support the application of physics in clinically related activities generally
is conducted through two different types of classroom presentations and activities. It should not be this way but is the result
in the limitations of creating tests and examinations that correspond to actual medical physics procedures. Over the years
progress has been made in developing examinations, both written and oral, that test for physics knowledge to enable clinical
applications but there continues to be considerable separation between the two purposed of teaching.

The effectiveness of teaching for applied clinical physics activities generally increases as the learning experiences become
less abstract and more visual with interactions represented near the base of the cone as illustrated in Figure 6.

6. Bringing the Physical Universe into the Classroom

Teaching physics requires connecting the learners with sections of the physical universe. These connections can range from
highly abstract verbal connections provided with lectures to multi-sensory observations and guided interactions by experienced
medical physics educators. Each method is generally characterized by its effectiveness and efficiency. Both are related to the
types of knowledge structures that are to be developed by the learners. Considering the two major purposes of learning medical
physics, passing examinations and effective clinical applications, there are two types of knowledge structures that are generally
used as illustrated in Figure 7.

Symbolic Representations and Mathematics

Physics, including medical physics is a highly quantitative science involving numerical values of the many physical
quantities (dose, KV, voxel size, and TR as examples) and mathematical relationships expressed with equations and graphs.
Many of the applications of physics in medicine, both diagnostic imaging and radiation therapy require mathematical modeling,
calculations, and numerical values on which to make scientific and clinical decisions.

The teaching of physics has often emphasized the quantitative and mathematical representations not only because of its
significance and value but because it could be taught with lectures and a blackboard. It is generally how physics has been
taught for many years and many of us learned it.

Another factor is mathematical physics is easy to test on examinations. The examinations developed by the teachers,
institutions, and certifying organizations and boards establish the knowledge requirements for the learners/students. The result
is scores on examinations become the requirements for students with less concern on knowledge for conducting applied physics
activities in the future. Atall levels from introductory physics to medical board certifications there is the motivation to “teach
to the test”.
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Figure 7. The development and use of different knowledge structures in medical physics.

Verbal Descriptions and Definitions

Verbal, the use of words, to describe objects, people, events, etc. is the fundamental method of teaching with lectures and
can be enhanced by writing on boards at the front of the classroom. The resulting knowledge within the learner’s mind will
consist of memorized facts, definitions, and descriptions in the form of words often without a relationship or understanding of
actual physical objects and events.

Verbal knowledge is easy to test for on examinations with a variety of question types including matching, fill-in-the-blank,
and discussions. Verbal based examinations along with mathematical based examinations has been the prevalent method for
testing physics knowledge for many years. While this knowledge is important in the practice of medical physics it is not the
type of knowledge needed for the effect application of physics to both diagnostic imaging and radiation therapy procedures.

Sensory Conceptual Knowledge

Knowledge in the form of concepts, specifically sensory concepts is required to perform many medical physics functions
especially clinical activities. Sensory concepts are mental representations of the physical universe formed as we encounter it
through our senses (sight, sound, taste, touch, etc.) through our lifetime. It is a comprehensive knowledge including
characteristics and relationships of and among physical objects.

The example we are using here and illustrated in Figure 7 is a medical image which is a physical object with many
characteristics and relationships to other physical objects and actions. Our useful knowledge of medical imaging physics is
formed by visual observation under various conditions associated with the different clinical imaging methods and procedures.
It is the type of physical knowledge needed to perform many clinical applications by all professionals, physicists, physicians
especially radiologists, and technology.

It is the type of knowledge that cannot be developed in classrooms with lectures and writing boards and symbolic
representations. It requires direct sensory interaction between the learner and the physical objects and actions.
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The continuing challenge over the years has been bringing the physical universe into the classroom where physics
educators use their knowledge and experience to guide learner observations and development of useful knowledge.

7. Collaborative Teaching

Teaching is the process of helping someone learn and is much more than standing in front of a class and lecturing.
Teaching occurs through a variety of activities in which individuals become “teachers” by using their knowledge,
experience, talents to help others learn. Authors of textbooks are an example. These have been” teachers”
throughout the years providing study materials directly for students and serving as the foundation for many
classroom courses. This is an example of collaborative teaching.

With the developments and evolution of the technology-enhanced physics classrooms another form of collaborative
teaching has emerged. These are the physicists who create and share visuals that provide windows through which
students can connect with and develop valuable conceptual knowledge of the physical universe. Collaborative
Teaching occurs when high-quality visuals created by one teacher is used in classrooms by another teacher to
provide effective learning experiences. The development of digital technology for creating high-quality visuals and
the internet for distributing the visuals makes it possible for a physicist in one location to enhance classroom
presentations and contribute to the learning and teaching process around the world.

This form of collaborative teaching increases both the effectiveness and efficiency of classroom teaching as
illustrated in Figure 9.

Bringing the Medical Physics Universe

into the Classroom

“Window”
to the
Medical Physics Universe”

Classroom
Board or Screen

; Sprawla

Figure 9. Using visuals as windows to the physical universe.

Bringing the physics universe into the classroom increases the effectiveness of the learning activity but requires extensive
human effort to create the visuals. The overall efficiency of the process is increased when visuals are created and made available
for use in many classrooms around the world. That is collaborative teaching.

8. The Classic Physics Lecture

The lecture with blackboard was the established method for teaching physics for years. The capabilities and value of this
method was especially emphasized by Richard Phillips Feynman with his famous lecture series illustrated in Figure 10.
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Figure 10. Blackboard illustrations used by Richard Feynman in his physics lectures.

In the early 1960s, Feynman was asked to "spruce up" the teaching of undergraduates at Caltech. This resulted in a series
of lectures that later became The Feynman Lectures on Physics that were widely published and valued especially because of
the diagrams he used to explain physics.

The technology available to Dr. Feynman (and to me) was a blackboard and pieces of chalk. While Feynman had developed
and demonstrated the great value of visual illustrations in forming conceptual knowledge of physics in addition to the symbolic
(mathematical and verbal descriptions) there were considerable limitations with respect to the physics educational
process...not effective for many needs.

One was that the mental images formed by students, if any were remembered, were of the blackboard and somewhat limited
sketches...not vivid representations of the physical universe and especially images. The other was each illustration had to be
sketched by the teacher, usually while giving the lecture and then erased...very inefficient.

The great value of a classroom with blackboard throughout history was it provided the opportunity for a teacher to help a
group of students develop knowledge, generally with lectures and writing on the blackboard. The great limitation is the
blackboard cannot provide an effective “window” in the classroom for viewing and learning about the physical universe,
especially medical physics.

It is now from the classroom with blackboard in the 1960s that many developments and innovations have occurred to
increase both the effectiveness and efficiency of physics education and specially to support medical physics clinical
applications.

9. Textbooks, Classroom Demonstrations, and Student Laboratories

While classroom teaching is a major contributor to developing physics knowledge by students it is only one component of
the learning process. The limitations of the classroom lecture in developing effective knowledge for students can be addressed
with the use of textbooks, classroom demonstrations, and associated student laboratories. Before continuing with the historical
development of classroom teaching the role of these other learning activities will be reviewed.

Textbooks
Textbooks have been a major component of classroom teaching, especially in physics. Many physics courses are organized
and based on textbooks and the lectures often provide discussions of the text material hopefully to help student understanding
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as they read and study. The mathematical problems, often included with each chapter are valuable for developing the
quantitative knowledge of physics and mathematical skills. Solving problems are often included in lecture discussions.

However, one of the greatest values of textbooks, especially in the blackboard era were the visuals and illustrations they
provided. At that time these generally could not be displayed in classrooms for discussion. Well before the days of computer
graphics and extensive publishing of photographs the illustrations were drawn by hand and many were of exceptionally high
detail and quality as shown in Figure 11.

P

Sound in conjugate mirror.

Figure 11. One of the many illustrations from the textbook Medical Physics by John Draper, M.D. puk‘)lished in 1885.

It has been illustrations published in physics textbooks that provide visual windows into the physical universe to enhance
the learning process beyond symbolic representations. They enable the formation of sensory, especially visual, mental
concepts that enable an understanding and application of physics in “real world” events and activities. A great value of textbook
illustrations is they are generally created by highly qualified physics educators, the authors, and their professional illustrators,
and are of much higher quality than what can be produced by most classroom teachers...especially on a blackboard.

The significant limitations of textbook illustrations were their availability only to those who had the books, and they could

not be displayed in classrooms for discussions by teachers. As we will explore later, textbook illustrations became a major
element in classroom teaching as a series of image projection methods were developed and evolved.

Classroom Demonstrations

Throughout history one method of bringing the physical universe into the classroom has been with actual physical
demonstrations. This was especially common in general physics classes where many of the physical phenomena could be
demonstrated with relatively simple and small devices or more comprehensive demonstrations as illustrated in Figure 12.
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Figure 12. Prof. Winn at MIT augmenting a blackboard lecture with physical demonstrations.

Combining physical demonstrations with blackboard lectures enhances the learning process by connecting the represented
theoretical representations with the actual physical universe. Both are valuable in learning physics that can be used in many
activities. Many physics departments in institutions around the world had a collection of demonstrations often stored in a
room or closet adjacent to the classroom and was a significant element in classroom teaching, especially in the blackboard era
before methods for projecting images were available.

The development and use of classroom demonstrations over the years has an extensive and interesting history that is beyond
the scope of this article. Our purpose here is to indicate the impact of physical demonstrations on classroom teaching within
a historical context with the transition to the expanding impact of projected visuals and images.

To me it is highly significant that our medical physics and radiology professions were introduced to the world with the
lecture and demonstration shown in Figure 13.
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Figure 13. The presentation by Roentgen on January 23, 1896, describing and demonstrating the use of “a new kind of
rays” to image the interior of the human body.

It was the physical demonstration during his lecture that conveyed an understanding and the significance of his discovery
and extensive research determining the characteristics and medical applications of the radiation.

Student Laboratories

Demonstrations were valuable in bringing components of the physical universe into the classroom, but they were limited
with respect to one significant learning activity, the ability for the student to physically interact with the physical objects and
functions. This limitation was overcome to some extent with student laboratories that were provided along with the classroom
lectures and demonstrations. Laboratory sessions were valuable components of most science and engineering courses, and
especially physics which is our interest here.

Laboratory exercises, or experiments were very effective in helping students develop conceptual understanding of many
physical phenomena (the use of optical lens is an example) but are less efficient than classroom lectures for several reasons.
For institutions there is the expense of providing space and equipment. A student laboratory generally has a smaller capacity
that large classrooms and requires more sessions to go along with one lecture class. Laboratory sessions can require more
direct interaction between teachers and students to guide and provide information during the experiments. This is often
provided by teaching assistants, perhaps graduate students and not the more experienced classroom lectures. The professors.

Student learning laboratories have been and continue to be a major element in physics education. Figure 14 provides a view
of a student laboratory from almost a century ago.

[EESASNE
Figure 14. The student physics laboratory at St. Catherine University in 1928.
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This illustrates how institutions provided students with the opportunity to observe and interact with the physical universe to
enhance their classroom learning and develop more conceptual understanding of physics. Most institutions around the world
with physics courses included laboratory sessions often depending on available resources.

A major evolution of student physics laboratories over the more recent years has been a transition from direct interactions
with physical devices and equipment to virtual representations and simulations using digital computers as illustrated in Figure
15. These digital laboratory classes were possible with the use of the new digital learning resources — such as the e-books and
Educational Image Databases developed by the pioneering projects EMERALD, EMIT and later e-learning projects. These
laboratories were especially effective for evaluating image quality parameters using digital images from various modern
medical imaging modalities. The computer-based laboratories were also used combined with software for visualizing DICOM
images (such as the free ImageJ). During the pandemic situation in 2020-2022 a number of Universities started using online
computer-based laboratories.

Y A s e g a p - . > xlﬁ /
Figure 15. A computer-based physics laboratory used in the College on Medical Physics program at the ICTP (International
Centre for Theoretical Physics) in Trieste, Italy. Dr. Slavik Tabakov is directing the activities.

Computer-based physics student laboratories, especially for medical physics, provide several advantages and values
compared to laboratories with physical equipment, efficiency being one. Software has been developed to simulate many
physical devices and functions and distributed to be used by many...not requiring multiple sets of equipment. Also, many
clinical methods and procedures with physics applications, both diagnostic imaging and therapeutic, use digital technology
and methods that can be studied with computer-based laboratories. Perhaps most significantly, are the many clinical procedures
and related physics activities that involve images.

10. Learning Physics in the Medical Clinic

Our specific interest is classroom teaching and learning and its evolution over the course of time. And especially the many
innovations and developments to provide classroom “windows” through which students can observe and connect with the
physical universe. Much of this involves using visual representations, especially images, that can be displayed in the classroom.
However, there are times when the physics learned in the classroom needs to be enhanced with learning activities within the
clinic. This is not a replacement of classroom learning but generally an opportunity to interactively apply it to develop
knowledge that is more effective for performing clinically related functions in the future. This applies to both medical
physicists and physicians, especially radiologists.

Practicals for Medical Physicist Students
For medical physics students the knowledge developed in the classroom needs to be enhanced through direct interactions
with the clinical equipment they will be working with in the future. It is not practical to have this large and expensive equipment

982



MEDICAL PHYSICS INTERNATIONAL Journal, Special Issue, History of Medical Physics 8, 2022

in dedicated student laboratories requiring these learning activities to be conducted in the clinics, often with the challenge of
scheduling when the equipment is not being used for clinical procedures...like late evenings and weekends. Consider the
practical activity illustrated in Figure 16.

—y

Figure 16. A medical physics practical activity in the Division of Medical Physics, Department;f Radiation Oncology

Emory University, Atlanta.

The value of a practical activity with clinical equipment includes interactive learning, experience with equipment and
procedures that will be worked with in the future, and a direct relationship with an experienced medical physicist teacher.

During the pandemic situation 2020-2022 a number of practicals were recorded on video, transmitted online to students.
This helped the students to understand the theoretical value of the lectures. During the more relaxed period of the pandemic
period the students were called at small groups to do themselves the practicals.

Physics for Radiology Residents in the Clinic

Beyond passing board certifying examinations Radiology Residents need an understanding of the physical principles of the
many diagnostic imaging methods and procedures. This is to enable the evaluation of image characteristics and quality and to
optimize imaging procedures for specific clinical needs, mammography is one significant example.

This practical physics knowledge can be developed in the clinic along with learning the medical interpretation of
mammograms as illustrated in Figure 17.
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Figure 17. Radiologist Debra Monticciolo, MD discussing the physics of mammograms with residents in the clinic. This
is often after reviewing the physics from the classroom presentations and online modules.
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Even though student laboratory exercises and practical activities in the clinic provide highly valuable interactive learning
opportunities the classroom and conference room continue as a predominate learning spaces for physics. A major factor is the
efficiency of bringing a group of students together under the guidance of an experienced teacher with a variety of “windows”
to the physical universe through which to observe and develop mental representations of the physical reality. The type and
ultimate value of the knowledge is heavily dependent on the characteristics and quality of the visuals displayed and used in
classroom presentations and discussions.

It is the development and evolution of the various methods for providing visual “windows” that is the predominate history
of the physics classroom over at least the most recent half century. That is now what we will explore.

11. The Evolution of Boards for Writing and Drawing

A common feature of virtually every classroom is a board on which the teacher can write and draw. This was the technology
available for providing visual representations of the subjects being taught. The boards have evolved over the years as illustrated
in Figure 18.

Evolution of Boards for Writing and Drawing
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Figure 18. The evolution of classroom boards.

The continuing development and evolution of classroom boards is a major factor on both the type of physics knowledge that
students could develop in the classroom and the effectiveness and efficiency of the teacher. It emphasizes the significance and

impact of the available technology on the teaching and learning process and the history of the physics classroom.

Blackboards

Up until the 1960s the blackboard and chalk was the available “technology” for providing visual representations of the
physical universe in the classroom. The blackboard itself has a long and interesting history
(https://en.wikipedia.org/wiki/Blackboard ) but it is the use of the blackboard in the physics classroom that we are considering
here. Lectures with blackboards was the universal method for teaching physics. Teachers could augment their verbal lectures
with symbolic representations (words and mathematical symbols) of the physical universe for very effective presentations,
especially for teaching quantitative physics.

There were two major limitations with blackboard teaching that were to be overcome with future developments. One was
that the items (words, equations, etc.) had to be written by hand during the lecture, and then erased...not a very efficient
process. The major challenge with blackboard teaching was producing effective visuals and images to provide classroom
“windows” to the physical universe. This could be done to some extent as illustrated by Richard Feynman in Figure 10. As
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valuable as these were the images retained in the minds of students were of the blackboard and not the most effective visual
representations of physical phenomena, and especially in medical physics.

Greenboards
The evolution to greenboards was more than about color. However, color was a factor in that green is visually more
comfortable and less stressful to look at with less glare than blackboards. Writing with yellow chalk on a green board is
generally provides more visual contrast than on a blackboard. The green boards were manufactured by coating metal plates
with a layer of enamel that was designed to be a good writing surface for chalk.

The green metal boards enabled one of the advances in providing visual displays of physical objects in the classroom.
Objects with small magnets attached could be placed and arranged on the board to illustrate a variety of physical phenomena
and interactions. One of the author’s projects in the early 1960s was the development of plastic objects with attached magnets
representing atomic particles, vectors, optical elements, and much more to enhance the physics lectures.

White Boards

The end of chalk and dust...the great advantage in the transition to white boards and the use of liquid markers with a variety
of colors. Both the black and green boards using chalk for writing and drawing were the source of considerable dust in the
classroom and often on the teacher’s hands and clothes.

The white boards with the multicolored liquid markers were much easier to erase and clean and opened opportunities for
teachers to use a variety of colors. This enabled students to form more detailed mental images.

The availability of whiteboards in the physics classroom and student laboratories was a major development in providing
more “windows” to the physical universe, especially with multiple boards on the classroom walls. These are used to display
a variety of materials, diagrams, assignments, example calculations, etc. in addition to the board at the front of the classroom
used by the teacher during the presentation and discussion as shown in Figure 19.

Figuré 19. Dr. Effrosyni Seitaridou uses a whiteboard in a physics class at Oxford College of Emory University.

The whiteboards on the walls of classrooms provides opportunities for students to become more actively involved in class
activities by demonstrating their knowledge and understanding.

Another value of whiteboards was they could be used as screens for projected images. They were not ideal for that purpose
and had considerable glare compared to screens designed for projected images. Even with this limitation white boards
contributed to the introduction of overhead projectors (discussed later) and the effective combination of projected images with
drawing by teachers during lectures.

Interactive Boards with Digital Technology
The development of digital technology contributed to the extensive evolution of the physics classroom, as it has for virtually
all activities in our society. One specific development was the interactive board that combines displayed digital images with
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the ability of the teacher and students to interact with the images either with fingers or handheld devices. These are also known
as interactive whiteboards or smart boards.

Interactive boards are used in a variety of applications including business meeting and conferences and in courses where
software programs have been developed to be used in interactive sessions. They have not been used extensively in physics
classrooms, especially for upper-level courses including medical physics.

The Values, Limitations, and Evolution of Classroom Boards

A board for writing and drawing by teachers has been a predominate feature in physics classrooms for several centuries. It
provides visual displays for students to go along with vocal lectures and physical motions by teachers. A great value is that
much about the physical universe requires visual images and cannot be conveyed with spoken words alone. This includes
symbolic representations, especially mathematical relationships, diagrams, and images. Especially for physics, the displays
on the board are often the most significant information source for students compared to the vocal lectures. The development
and evolution of classroom boards from black to white have provided some advances including the elimination of dusty chalk,
better and more pleasing visibility, easier for teachers to use, and increased board space on classroom walls.

A prevailing limitation with all boards is the ability to provide effective visual images of the physical universe to enhance
the types of learning needed for physics applications, especially in clinical medical physics. Also, any image or illustration
had to be manually produced during the lecture and then erased. That is the limitation that was to be overcome with projected
images on screens in the classroom s we will now explore.

12. The Early Projected Images

The major evolution in physics classrooms and conferences, especially in the field of medical physics, was the transition
from boards for writing to screens and projected images. While writing boards continue to serve a purpose in medical physics
classrooms it is the projected images that is a predominate source for learning. The methods and technology for producing,
distributing, and displaying images in classrooms and conferences have undergone major developments to increase both the
effectiveness and efficiency to medical physics education as we will now explore.

The magic Lantern

We do not find these in our physics classrooms now but there are a significant part of our history relating to projected
images. Magic Lantern was the name given to the first projectors developed for projecting and displaying images on walls or
screens. They have a long and interesting history ( https://en.wikipedia.org/wiki/Magic_lantern ) involving many different
versions and innovators. Dutch scientist Christiaan Huygens, is widely accepted as the true inventor of the magic lantern in
the 1600s. This was before electrical lighting and the early projectors used candles or oil light sources. They were lanterns
that could “magically” make images appear on the wall. The projectors evolved over almost three centuries into the models
that were used in classrooms and conferences up into the 1950s as illustrated in Figure 20.

Development of Image Projection
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Figure 20. The first projector, the Magic lantern, used in classrooms and conferences.
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This projector was not used extensively in physics education, except for conferences especially because of the effort required
to produce the transparent glass mounted slides. The medical profession, and especially radiologists found it very valuable for
teaching with and about x-ray images. Many physicians developed their personal collection of slides of interesting cases for

teaching and conferences.

The Overhead Projector

It was the so-called overhead projector that brought projected images into the physics classrooms and conferences. With
the projector a page-size transparent image is illuminated from below. A lens and mirror combination mounted above focuses
and projects the image onto a screen “over the head” of the teacher as illustrated in Figure 21.

Draw and Write Copy Images

Screen
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Transparencies

x eacher
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» T WY 'i'extbooks Sprawls
First Aplications Physics Classroom
Figure 21. Two methods for producing images for projection.
The overhead projector has a long and interesting history

( https://en.wikipedia.org/wiki/Overhead_projector ) going back well before its major contribution to physics classroom
teaching during the1960 — 70s, when it was the predominate technology in physics classrooms and conferences.

At first the overhead projector served as an illuminated writing board as shown on the left in Figure 21 with everything
produced manually as on the large classroom boards. The equipment for projecting images by this method has existed in some
form for many years it was the development of transparency materials that could be printed on with copy or duplicating
machines that brought images into physics classrooms and conferences as illustrated on the right. This extended classroom
presentations and discussions beyond symbolic representations on boards and verbal lectures and can be considered as the
begin of “a New Era” of classroom teaching and conference presentations with images and visuals displayed on screens
replacing writing boards and just verbal lectures.

The significance is students can form visual, and not just symbolic knowledge structures of the physical universe and
develop more effective and useful conceptual understanding.

The extent to which the overhead projector contributed to physics classroom teaching depended on the availability of images
and other visual representations (diagrams, graphs, etc.) on the transparent material. While many teachers produced transparent
images manually it was the development of the process of copying and printing on transparent sheets that was the major
technological breakthrough generally in the 1960s. Visuals could be copied from textbooks and other printed materials and
displayed in the classroom. Teachers could discuss and guide students in developing an understanding and valuable conceptual
knowledge of various physical phenomena, not just memorized facts. Professionally developed high-quality transparencies
were developed for a variety of subjects and used in classrooms. These ranged from maps for teaching geography to many of
the sciences including anatomy. When this author published the medical physics textbook, The Physical Principles of
Diagnostic Radiology in 1977 The images were also provided on transparencies for classroom display with overhead
projectors.

The highly transparent images could be projected as large bright images on screens with the conventional overhead
projectors that had been developed. However, there was a need among physicians, especially radiologists to display
radiographic images on screens for classes and conferences. There were two challenges. Photographing the films and
mounting in glass slides (for the Magic Lantern projector) required considerable effort and was expensive. Also, the
radiographs were much to dark and dense (not highly transparent) to be shown with conventional overhead projectors.
Projectors with high-intensity lights, large lens, etc. were developed and used for that purpose.
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These were often in the classrooms used by medical physicists within radiology departments but not a significant benefit
for teaching physics. One use was showing radiographs that demonstrated imaging physics effects, artifacts, detail, noise, etc.
This was valuable in connecting physics to actual clinical images, especially when teaching physics for radiology residents.

13. Clinical Image Teaching Files

Before continuing with the image projection methods, we will explore a related topic, the development and use of clinical
images in teaching medical physics. The image is the primary physical object being learned about in the field of diagnostic
radiology and especially for radiology residents in their physics courses. It is the image that is the important connection
between the principles of physics and clinical medicine. Effective physics teaching requires the use of clinical images to
illustrate many of the image characteristics and factors associated with the physics of the imaging process. This is especially
significant when teaching physicians, radiology residents who need to understand the relationship of physics to clinical
medicine, not only to make it interesting but also how to apply the knowledge to obtain, analyze, and optimize images to obtain
maximum clinical information. This is emphasized by the author who begins physics courses with an image as illustrated in
Figure 22.
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Figure 22. Using clinical images to illustrate physics concepts and applications.

The value of clinical images in teaching medical physics has long been recognized but limited by the availability of images
that illustrate the many different conditions that can exist, effects of different levels of visual noise for example. Up into the
1960s medical images, primarily radiographs, were produced and viewed on large films and not practically copied for
distribution among educational programs. Each program, and often each teacher, had their collection of images on film that
was used for teaching. These were the teaching files that were the foundation of radiology education. It was possible for
radiologists to collect images of the many different clinical conditions, diseases, etc. that they viewed and develop extensive
teaching files. Physicists did not have that opportunity.

At that time in history images available to medical physicists for teaching were of non-human objects, phantoms, test
objects, etc. that they had produced themselves. It was to be years later with advances in technology, both photography and
digital, that more images of the human body demonstrating physics was to become available to medical physics educators
around the world as will be described later.

14.  Photography and Slide Projection

The science and technology of photography has developed and evolved over the years with many advances but with minimal
contribution to physics teaching until the development and application of transparent images and projection methods in the
1960s. Before then projection of images on transparent film was used extensively for movies or cinema and was well
established. It was the development of images on 35mm transparent film and mounted as individual “slides” that was the great
breakthrough along with projectors that could be loaded with multiple slides as illustrated in Figure 23.
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Figure 23. 35 mm slides and projected images for teaching.

As discussed earlier, transparent images mounted in glass slides and the “Lantern” projectors were used in teaching and
conferences for years, especially within the medical profession. A limitation was the effort required to produce the
photographic transparent images and mount between two glass plates...often requiring a professional photographer. For
showing, the slides were individually inserted into a projector and changed manually by a projector operator. These limitations
were overcome along with additional advantages with the development of 35mm transparent images and projectors with
capacity for multiple slides and remote operation.

The 35mm size film format became the almost universal standard for photography generally in the 1950s...replacing a
variety of film formats, 120, 828, etc. The transition to the 35mm format brought many advantages, including a common size
for cameras, film, and processing. It was widely used for conventional black and white photography with negatives that were
projected with an enlarger in a darkroom and printed as positives on paper.

The radiology profession transitioned to 35mm slides when Kodak Rapid Process Copy Film, and some similar films
became available. This was a film with high detail and produced a positive image, not a negative as most films of that time
did. Radiographs were photographed on illuminated view boxes and processed in the darkroom used for processing the clinical
X-ray images. The process could be used to make slides of printed materials, diagrams, tables, etc. and enhanced the use of
35mm slides by medical physicists, especially in conferences.

Several manufacturers, especially Kodak, Agfa, and Fuji developed 35mm color transparency film that required processing
by commercial facilities. It was the Kodak Ektachrome film with its unique emulsion and two-hour processing that became
the predominate method for producing slides in many institutions and used extensively by the author for many years.

It was the availability of 35mm color transparent slide photography and projectors including the Kodak Carousel
projector that enabled the next era of physics classroom teaching and conference presentations...and provided many new
“windows” through which to view and study the physical universe.

This relatively easy to use method for making slides was established in medical physics programs with “copy stands” to
mount cameras to photograph diagrams and many other visual representations for classroom presentations. For the first time,
it was possible to photograph equipment, procedures, and other aspects of the physical universe and bring into the classroom
for viewing and learning.

Another value was slides could be duplicated and shared among teachers and institutions, increasing the efficiency of the
educational process. 35mm slides with their many advantages began supplementing or replacing overhead projectors in
physics classrooms and conferences in the 1960s.

With the relative ease of producing 35mm images for display in classrooms and conferences using dual projectors and
screens became a common practice as illustrated in Figure 24.
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Figure 24. Dual display of ages for teaching and conferences.

The display of two side-by-side images enhanced the teaching and learning process in several ways. It was used to compare
images to see and understand differences and similarities of objects or conditions. ..for example normal and abnormal. Another
application was to use one screen to display data and the other to show examples of the various conditions.

In review, the addition of projected images, first with overhead projectors and then 35mm slides to the classroom and
conferences was the major evolution that provided “windows” and brought the physical universe into the room to be explored
and studied under the guidance of experienced medical physics teachers.

15. And Then Came Digital

The research, development, and applications of digital electronics and technology provides the foundation of a new era with
many innovations and advances in virtually all areas of society including communications, entertainment, business, healthcare,
education, and much more. Our interest here is physics classroom teaching and learning and how it is impacted by the digital
revolution.

Up until now we have followed the evolution of the physics classroom with respect to factors that contribute to the
effectiveness and efficiency of the teaching and learning process with a special emphasis on “windows” to bring the physics
universe into the classroom where teachers can lead learning activities that result in more effective and useful knowledge for
the students. We have observed that this evolution has been based on developments in technology ranging from the various
writing and drawing boards to image projection methods, especially the overhead projectors and concluding with 35mm slides
and projectors. This was followed by the digital technology applications and a major revolution in physics classroom activities.

Digitized Images

A major factor was the transition from analog images recorded on film, both clinical radiographs and general photography
35mm slides to digitized images. Because of the large market throughout society for digital photography developments were
ongoing and educators benefited from that. The advantages of digitized images for classroom activities include easier to
produce and less expensive than 35mm slides and much more efficient to organize, store, and transmit to various locations as
needed. With ongoing developments in digital computer technology and software there were several methods for producing
images specific for physics classroom teaching as discussed later.

Software for Organizing and Presenting Images

As the technology (cameras, scanners, projectors, etc.) was developed to produce images for classrooms software was also
developed for producing text, organizing images, and managing the classroom presentations. PowerPoint developed by
Microsoft became the standard.
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Digital Image Projectors
The technology that had to be developed to enable the display of digital images in classrooms were projectors. The early
classroom projectors for digital images were video projectors based on the principle of cathode ray tube (CRT) video
displays that was the standard at that time before the development of light emitting diode (LED) displays and projectors.
Figure 25 shows the use of a projector for computer generated digital images for teaching medical physics.

Figure 25. The author using a projector for digital images in the 1980s. A picture of the projector is shown on the lower
right corner.

These early projectors used three primary colors as separate but overlayed images to produce the image seen on the screen.
The image was formed as a scanned raster of lines. The video scanning standard at that time was 525 lines of which
approximately 485 lines were in the image itself. This could not provide the image detail as good as 35mm slides.

It was the development of LED and other solid-state image displays and projectors with the 1080p standard
(1920x1080 pixels) that provided adequate image detail for classroom and conference presentations, including medical images.

As the digital technology developed to provide adequate image quality and was generally available the transition from
35mm slides began. In 1999 the AAPM Annual Meeting provided for BOTH 35mm slides and digital PowerPoint

presentations. In 2002, it was only digital PowerPoint.

16. Digital Images for Teaching

As digital projectors became available in classrooms and conferences the effort was to develop images in the digital form.
This occurred in several ways and was a major contribution to the development of the modern digital era of classroom teaching.

Scanning 35mm Slides

Many educators had extensive collections of slides they had created for teaching. A decision was either to continue teaching
with slides or transition to digital for the several advantages it provided. Slides could be converted with either digital scanners
or cameras but required considerable time and effort. This had value for special, difficult to replace images, especially clinical
teaching files. However, many educators used this opportunity to develop new high quality digital teaching images and visuals
with the several methods that were becoming available.

991



MEDICAL PHYSICS INTERNATIONAL Journal, Special Issue, History of Medical Physics 8, 2022

Digital Cameras and Photography

Replacing the 35mm cameras with digital cameras provided several advantages, especially no costly and time-consuming
processing. Images were available instantaneously. This continued the photographing of equipment and procedures, copying
printed materials, and clinical images as was dome with the film cameras.

Digital Computer Generated and Processed Images

Up until the development of significant digital computer graphic capability, generally in the 1980s all visuals, diagrams,
etc. for classroom display were drawn by hand on classroom boards or on paper and copied or photographed for showing with
overhead projectors or 35mm slides. In addition to requiring considerable effort the quality of the illustrations was limited.

A major development that expanded the scope of images and visuals to be used for classroom “windows” was the availability
of computer graphics and image processing software that physics teachers can use to create visuals. The software programs
use two different mathematical methods for representing images, each with distinct characteristics, advantages, and
applications.

The software generally designated as “Draw” programs represent the characteristics of each object (size, shape, position,
color, etc.) in the image with a combination of numerical values, a mathematical vector. The great advantage is these can be
adjusted during the process of drawing illustrations. An example of a classroom visual created with this type of software is
shown in Figure 26.

The transition from hand-drawn to computer generated and processed visuals for physics classrooms and conferences
contributed to more effective and efficient teaching and learning activities.

When these digital images were inserted into presentation software, typically PowerPoint, 35mm slides and carousel
projectors generally faded into history.
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Figure 26. A classroom visual created with a vector-based draw program. This type of image can be used by medical
physics teachers to illustrate and explain many factors associated with the formation of CT images.
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Software generally designated as “Paint” programs represent each image as a matrix of pixels, like how clinical medical
images are formed. These programs provide a variety of image processing functions that can be used to illustrate different
image characteristics and conditions. An example is illustrating different levels of image detail and noise as shown in Figure
27.
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Figure 27. Illustrating image characteristics by processing an limage (Reference) with a pixel-based Paint program

By using the two types of programs, DRAW and PAINT, a variety of clinical images can be created and then inserted into
illustrations developed with DRAW programs. This is illustrated in Figures 26 and 27.

Computer Simulations of Physics Phenomena

Many physics phenomena, events, interactions, etc. can be described with mathematical relationships or equations.
Computer programs based on these relationships can produce virtual simulations of actual physical events. At one time in
history analog computers were used, especially for phenomena like radioactive decay, attenuation of radiation, etc. With digital
computers becoming more widely available and with software with the capability, computer simulations became a valuable
method for physics education. A major application is in physics laboratories where many physical phenomena, especially
relating to large equipment like nuclear reactors, MRI systems, can be simulated and experiments and observations conducted

by students.

In the classroom computer simulations can be used by teachers to provide a dynamic and interactive view of physics events
within their discussions. In 1981 this was demonstrated by the Author in an exhibit (received Cum Laude award) at the RSNA

Conference shown in Figure 28.
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Figure 28. An exhibit at the RSNA 1981 Conference demonstrating the use of computer simulation for teaching medical
physics.

The excellent IT skills of many medical physicists led to the development of a number of computer simulations. However
these are difficult to develop. Most importantly - they are software dependent and usually have short life cycle (some of the
simulations stopped working after several years). Some of these simulations were commercialized what prolonged their life,
but still the use of specific software makes their practical implementation more difficult (especially in developing countries).
This trend lost speed during the second decade of the 2000, as a number of simulations stopped working with the introduction
of new 64-bit PC Operating systems, which discouraged some teams.

Very useful teaching resources are interactive GIF images. Although not a simulation, these provide an easy way to
understand complex processes. An example of such resources is the collection of the Colorado University.

In order to support the spread of information about various short-lived e-learning materials and simulations IOMP opened
in 2012 a new online Journal (Medical Physics International). This free e-Journals (www.mpijournal.org) is oriented toward
education/training and professional issues, including e-Learning, and has thousands of readers per month.

17. Networks and Sharing Images

The transition from analog images on transparences and 35mm slides to digital images was the foundation for the next
major advancement in classroom teaching and learning.

The classroom window was now opened to view images created and shared from anywhere in the world.

This gave physics teachers access to an extensive collection of images and visuals that were on various websites around the
world. Of special value to medical physics teachers are clinical images, images by equipment manufacturers, and by medical
physicists and educational institutions. While most are not posted specifically for classroom use, they can be used following
established academic and intellectual property guidelines.

For an example of what can be found us Google Image search, https://images.google.com/ and enter the term “x-ray tubes”.
Some organizations provide images on the web specifically to be shared and used by others in medical physics educational
activities. These include the Sprawls Resources at http://www.sprawls.org/resources/ and the free online Medical Physics
Encyclopedia at http://www.emitel2.eu/emitwwwsgl/encyclopedia.aspx .
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18. Teleteaching

The development of the internet and images in a digital format made it possible for a physicist to teach classes
located almost anywhere in the world. At first, there was no specific software for this, that was to come later, but the
Author combined several technologies including a website for images and Skype for voice to teach a remotely located
class and designated this as Teleteaching as illustrated in Figure 29.

Medical Physics Class in Malaysia

Teacher (Sprawls) in USA

Figure 29. The Author teleteaching a class in Malaysia.

Teleteaching with this method provided the values of conventional classrooms with personal interactions with the
additional advantage of having teachers located in other institutions.

19. The Virtual Classroom and Online Learning

The major, and perhaps dramatic, change to result from developments in technology was the transition from
physical to virtual classrooms, with students and teachers physically separated from each other. This brought some
advantages, especially in terms of efficiency relating to travel to class and students could “attend” from almost
anywhere in the world. Significant disadvantages are the loss of direct physical interactions and the perception and
appreciation of a classroom as a “space for learning”.

The virtual classroom and online learning essentially “saved” educational programs in the early 2020s when the
COVID epidemic prevented physical classroom gatherings.

20. The EMERALD Project

The concept for sharing educational digital images was first developed in 1995 by the international (EU) project
EMERALD (acronym of: European Medical Radiation Learning Development). The project developed structured
medical physics training timetables and associated with these original Educational Image Databases (IDB). These
were one of the first ever IDB on CD-ROM with ISBN number as paper books, thus forming one of the first e-books
in the world.
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The project EMERALD was followed by the similar international (EU) project EMIT (European Medical Imaging
Technology Training) which further develop such e-learning materials. Both projects developed original e-learning
materials (supported with over 3000 digital images) in the fields of: X-ray Diagnostic Radiology, Nuclear Medicine,
Radiotherapy, Magnetic Resonance and Ultrasound Imaging. In 2004 the projects received the inaugural EU Award
for education — “Leonardo Da Vinci” award. Over 5000 of these CDs were distributed to medical physicists globally,
these being specially effective for development of medical physics education in Low and Middle Income countries.
These can be accessed free at: http://www.emerald2.eu/cd/Emerald2/

EMERALD EMERALD

www.emerald2.net www emerald2 net

Figure 30. EMERALD and EMIT CD-ROMs

The existing digital images and materials allowed to add these on a specially built educational websites. The first
two such websites (opened in 1999 and still in use) are www.emerald2.eu and
http://www.sprawls.org/resources/index.html. The effectiveness and usefulness of these websites is seen by their
thousands of users globally. A specific characteristic of these web sites is that their software is own made and with
user-friendly interface.
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Figure 31. Interface of EMERALD free website

Mec
\ thickness)

In the period 2002-2012 some of the digital images from both websites were used as background for the preparation
of the first on-line e-Encyclopedia of Medical Physics (www.emitel2.eu), part of the international (EU) project
EMITEL. This web site was also based on own software and user-friendly interface. The e-Encyclopedia of Medical
Physics was supported by the first Scientific Dictionary of Medical Physics Terms (translated to 31 languages by
now). Over 150 specialist from 30 countries took part in the development of encyclopedic articles, where additional
200 specialist took part in the development of the Scientific Dictionary.

The e-Encyclopedia was updated in the period 2019-2021 by an Editorial Board, including the author. Alongside the
free web site, was published on paper by CRC Press. The Encyclopedia includes nearly 4000 articles and hyperlinks
and over 1500 images, diagrams and tables. All materials in the Encyclopedia were made with educational emphasis,
thus supporting both students and lecturers in medical physics.

MAGNETIC RESONANCE IMAGING

The visuals that can be used in classroom and conference discussions for all of the MRI topics
can be downloaded as PowerPoint files at: http://www.sprawls.org/resources/MRIvisuals/
or by following the links below.

Magnetic Resonance Image Characteristics
Outline Mind Map Learning Objectives Classroom Visuals Text Reference, Chapter 1

Magnetic Resonance Imaging System Components
Discussion

Outline Mind Map Learning Objectives Text Reference, Chapter 2

Nuclear Magnetic Resonance
Visuals for
Discussion

Text Reference, Chapter 3

Outline Mind Map Learning Objectives

Tissue Magnetization and Relaxation
Visuals for
Discussion

Outline Mind Map Learning Objectives Text Reference, Chapter 4

Figure 31. Example Interface of Sprawls Resources free website for enhancing classroom presentations available at
www.sprawls.org/resources .
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A stimulated echo is a type of spin echo signal produced by a series of three RF pulses rather
than from the combination of a 90° and 180° pulse as in a conventional spin echo sequence.

The process by which a stimulated echo is formed is illustrated below for the case of a train of
three 90° pulses, although in general any train of pulses with flip angles other than 180° can
produce a stimulated echo.

Resonance
Imagin
- 50 t Dephasing 90 Dephasing 1

‘I”“ pulse | plse €

- - <> iy

SO
pulse

Figure 32. Interface of Encyclopaedia of Medical Physics free website

A very large and effective free web site was developed by the IAEA during the first decade of 2000s. This web site
is orientated to Radiation Protection of patients: https://www.iaea.org/resources/rpop Currently this is the most
often website in medical physics.

21. Conclusion

Even though the Classroom has evolved over the years, its purpose of bringing students and teachers together for effective
and efficient learning and teaching continues. Many factors have contributed to the enhanced value of the classroom, the major
one being the developments in technology, especially digital.

Figure 33 illustrates this by comparing the Authors classrooms over a 60-year period.

College on Medical Physics
International Center for Theoretical Physics, Triestie, Italy

Emory University 1960

Welcome to Phyaica
My name is Perry Sprawls

9 am your

Textbooks
and
Modules

Voxel Size Controlied 8y
Online Resources
for Study and Review

Windows to the
Medical Physics Universe
in the Classroom

Create and Provide Resources Guide the Learning Process
Figure 33. The developments and evolution in the Author’s physics classroom over a period of 60 years.
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The “technology” available in the first classroom in 1960 was a blackboard and some pieces of chalk. This was the only
“window” for connecting students to the physical universe and dramatically limited their ability to develop effective knowledge
structures  beyond  symbolic  representations  consisting of  words  and mathematical ~ symbols.
Much of the student’s attention was devoted to reproducing what was written on the blackboard as notes for future study. In
general, delaying the learning process to later and not occurring in the classroom.

A major objective of the education provided was high scores on test and examinations, not knowledge that could be applied
in future “real world” activities.

Now the classroom 60 years later used by the Author in the College on Medical Physics at the ICTP. A major value to the
students is the in-person interaction both with the teacher and with other students. The classroom has “windows” in the form
of images and visuals that enables the students to see and interact with the physical universe, providing the ability to develop
high-effective knowledge structures that will support many medical physics activities.

Everything presented and discussed in the classroom, especially the images, are provided on-line to the students for future
study and refreshing what they learn in class.

A concluding perspective from the Author

The extensive developments in technology over the years along with research and innovations in the learning and teaching
process have provided major enhancements to the classroom as a highly effective “space for learning”.

The technology is the “tool” and the physicists are the teachers.

22.The Author
Perry Sprawls, Ph.D. is a clinical medical physicist and educator in medical imaging physics and clinical
applications. He became a Distinguished Emeritus Professor of Radiology at Emory University in Atlanta
concluding a 45-year career advancing the practice of radiology and medical imaging with an emphasis on the
education of physicians, physicists, and other imaging professionals. This
: was achieved by authoring several books, developing and conducting
Ea continuing educational programs and courses and providing high-quality
L ViSUAIS to enhance classroom presentations by medical physicists are
: designated as the Sprawls Resources and are provided without cost for all to
use by the Sprawls Educational Foundation online at www.sprawls.org.
With over 30 years as a Co-Director and Faculty of the College on Medical
Physics at the International Centre for Theoretical Physics in Trieste, Italy
he has provided classes for 100s of medical physicists from over 35 of the
Developing Countries of the World. In addition to the classes the physicists
are provided with additional educational materials including the Sprawls
Resources to develop and enhance medical physics programs in their
| countries. In his ten-year service as founding Co-Editor in Chief of the
Medical Physics International journal a major effort has been providing
Dr. Perry Sprawls publications to advance medical physics education around the world.

Contact: sprawls@emory.edu

23. Bibliography
These are selected publications by the author related to the topic of this article and the evolution of physics
classroom teaching and learning.

1. EFFECTIVE PHYSICS EDUCATION FOR OPTIMIZING CT IMAGE
QUALITY AND DOSE MANAGEMENT WITH OPEN ACCESS RESOURCES
. P. Sprawls1, P-A. T. Duong, MEDICAL PHYSICS INTERNATIONAL Journal, vol.1, No.1, 2013
http://www.mpijournal.org/pdf/2013-01/MP1-2013-01-p046.pdf

2. PHYSICS EDUCATION FOR THE OPTIMIZATION OF MRI
CLINICAL PROCEDURES: VISUALIZING THE INVISIBLE AND COLLABORATIVE TEACHING
P. Sprawls. MEDICAL PHYSICS INTERNATIONAL Journal, vol.1, No.2, 2013
http://www.mpijournal.org/pdf/2013-02/MP1-2013-02-p134.pdf

999


http://www.sprawls.org/
mailto:sprawls@emory.edu
http://www.sprawls.org/publications/CT%20Optimization.pdf
http://www.mpijournal.org/pdf/2013-01/MPI-2013-01-p046.pdf
http://www.mpijournal.org/pdf/2013-02/MPI-2013-02-p134.pdf

MEDICAL PHYSICS INTERNATIONAL Journal, Special Issue, History of Medical Physics 8, 2022

10.

11.

12.

13.

14.

15.

OPTIMIZING MEDICAL IMAGE CONTRAST, DETAIL AND NOISE IN THE DIGITAL ERA.
P. Sprawls. MEDICAL PHYSICS INTERNATIONAL Journal, vol.2, No.1, 2014
http://www.mpijournal.org/pdf/2014-01/MP1-2014-01-p041.pdf
EDUCATION MODELS FOR THE EXPANDING ROLE OF CLINICAL MEDICAL PHYSICS.
P. Sprawls. MEDICAL PHYSICS INTERNATIONAL Journal, vol.5, No.2, 2017
http://www.mpijournal.org/pdf/2017-02/MP1-2017-02-p167.pdf
DEVELOPING EFFECTIVE MENTAL KNOWLEDGE STRUCTURES FOR MEDICAL PHYSICS
APPLICATIONS.
P. Sprawls, MEDICAL PHYSICS INTERNATIONAL Journal, vol.6, No.1, 2018
http://www.mpijournal.org/pdf/2018-01/MP1-2018-01-p128.pdf
DIGITAL ELEMENTS, IMAGE QUALITY, RADIATION EXPOSURE, AND PROCEDURE OPTIMIZATION.
P. Sprawls. MEDICAL PHYSICS INTERNATIONAL Journal, vol.6, No.2, 2018
http://www.mpijournal.org/pdf/2018-02/MP1-2018-02-p255.pdf
EFFECTIVE PHYSICS KNOWLEDGE FOR DIAGNOSTIC RADIOLOGISTS
P. Sprawls. MEDICAL PHYSICS INTERNATIONAL Journal, vol.7, No.3, 2019
http://www.mpijournal.org/pdf/2019-03/MP1-2019-03-p257.pdf
ENHANCING MEDICAL PHYSICS TEACHING WITH IMAGE REPOSITORIES AND SHARED
RESOURCES
P. Sprawls. MEDICAL PHYSICS INTERNATIONAL Journal, vol.8, No.3, 2020
http://www.mpijournal.org/pdf/2020-03/MP1-2020-03-p479.pdf
MAPS FOR DEVELOPING MEDICAL PHYSICS CONCEPT NETWORKS IN THE MIND
P. Sprawls. MEDICAL PHYSICS INTERNATIONAL Journal, vol.10, No.1, 2022
http://mww.mpijournal.org/pdf/2022-01/MP1-2022-01-p019.pdf
DEVELOPING VALUABLE PHYSICS KNOWLEDGE FOR RADIOLOGY RESIDENTS
Perry Sprawls. MEDICAL PHYSICS INTERNATIONAL Journal, vol.9, No.2, 2021
http://mww.mpijournal.org/pdf/2021-02/MP1-2021-02-p131.pdf
Understanding and Optimizing Visibility in Medical Imaging Procedures Image Characteristics and Controlling
Factors. Perry Sprawls.
(The Genesis Course On-Line Text)
http://www.mpijournal.org/pdf/2021-02/MP1-2021-02-p223.pdf
HISTORY OF MEDICAL PHYSICS E-LEARNING INTRODUCTION AND FIRST ACTIVITIES -IOMP
HISTORY OF MEDICAL PHYSICS, S Tabakov, MEDICAL PHYSICS INTERNATIONAL Journal, Special Issue
No.2, 2018, http://www.mpijournal.org/pdf/2018-SI-01/MP1-2018-SI1-01.pdf
Web site Development for EMITEL e-Encyclopaedia and Multilingual Dictionary, Stoeva M, Cvetkov A, Tabakov
S, WORLD CONGRESS ON MEDICAL PHYSICS AND BIOMEDICAL ENGINEERING, 2009, IFMBE
Proceedings, vol. 25, p 255-256
The Pioneering of e-Learning in Medical Physics, Tabakov S, Tabakova V, Valonius Press, London, 2015,
http://www.emerald2.eu/mep/e-learning/Pioneering_of el earning_1_pw.pdf
10™ ANNIVERSARY, JOURNAL MEDICAL PHYSICS INTERNATIONAL, Tabakov S, Sprawls P (2022),
MEDICAL PHYSICS INTERNATIONAL Journal, 2022, vol.10.No1, p.7-11,
http://www.mpijournal.org/pdf/2022-01/MP1-2022-01-p007.pdf

1000


http://www.mpijournal.org/pdf/2014-01/MPI-2014-01-p041.pdf
http://www.mpijournal.org/pdf/2017-02/MPI-2017-02-p167.pdf
http://www.mpijournal.org/pdf/2018-01/MPI-2018-01-p128.pdf
http://www.mpijournal.org/pdf/2018-02/MPI-2018-02-p255.pdf
http://www.mpijournal.org/pdf/2019-03/MPI-2019-03-p257.pdf
http://www.mpijournal.org/pdf/2020-03/MPI-2020-03-p479.pdf
http://www.mpijournal.org/pdf/2022-01/MPI-2022-01-p019.pdf
http://www.mpijournal.org/pdf/2021-02/MPI-2021-02-p131.pdf
http://www.mpijournal.org/pdf/2021-02/MPI-2021-02-p223.pdf
http://www.mpijournal.org/pdf/2018-SI-01/MPI-2018-SI-01.pdf
http://www.emerald2.eu/mep/e-learning/Pioneering_of_eLearning_1_pw.pdf
http://www.mpijournal.org/pdf/2022-01/MPI-2022-01-p007.pdf

