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Abstract
| CRITICAL THINKING SKILLS AND MEDICAL DOSIMETRY EDUCATION
By
Anne W. Greener
2013
As a radiation oncology team member, medical dosimetrists use
clinical knowledge and skills along with critical thinking to independently

develop unique three dimensional radiation treatment plans for cancer

‘patients that precisely target cancerous tumors, while sparing the normal

surrounding tissues. Historically, medical dosimetrists entered the profession

- through several different pathways with the majority of practicing medical

dosimetry professionals advancing from the ranks of radiation therapists
(RTT). Beginning in 2017, the Medical Dosimetry Certification Board
(MDBC) set the educational requirements to include a minimum of a
Bachelor’s degree and graduation from an accredited medical dosimetry
educational program. Literature supports a positive relationship between
critical thinking (CT) and education of health science professionals.

This is the first study to investigate if medical dosimetrists are well-
developed critical thinkers, as measured by the Health Sciences Reasoning
Test (HSRT). A cross-sectional, correlational study was used to gather
quantitative data describing the CT skills of medical dosimetrists and to

investigate whether CT skills of practicing professionals are stronger than
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entry-level students. One hundred twenty-one subjects met the inclusion |
criteria of the study; 58 professionals and 63 students.

The results of this study revealed no significant difference between the
groups for the total HSRT score, there was a significant difference between
the groups in the inference sub-scale (p = <.001). The student group
exhibited stronger inference skills compared to the professionals. Medical
dosimetrists with a minimum of a Bachelor's degree had significantly stronger
CT skills (p = < .001) than those with less education. Those who previously
worked or trained as RTTs had significantly weaker CT skills (p = <.001) than
those who did not and medical dosimetrists who attended an accredited
medical dosimetry program had significantly stronger CT skills (p = .007) than
those who attended a non-accredited program. There was also a significant
negative correlation between CT skills and healthcare experience (r=-.23, p
=0.012, d = .27) that is worth further exploration.

This study provides meaningful support for the 2017 minimum
educational standard for entry-level medical dosimetrists and provides for

opportunities for further research with the medical dosimetry population.

11
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Chapter |

Introduction

Background of the Problem.

Medical dosimetry is a relatively new health science profession in the
specialty of radiation oncology, which is the medical specialty that uses
radiation to treat cancer patients. According to the 2012 National Cancer
Institute Surveillance, Epidemiology, and End Results (SEER) report,
approximately 40% of men and women in the United States will be diagnosed
with cancer during their lifetime and half of these patients will be treated with
radiation therapy (Howlader, et al). In the course of their radiation treatment,
the patient will meet several members of the radiation oncology team; a
radiation oncologist, who is a physician specially trained in the treatment of
cancer, a radiation oncology nurse, who is specially trained in the care of the
radiation patient, and a radiation therapist (RTT), who delivers the daily
treatments.

There are two members of the radiation team who work behind the
scenes and seldom have contact with the radiation patient, a medical
physicist and a medical dosimetrist. A medical physicist is an applied
physicist who is master’'s or doctoral prepared and is concerned with the
application of radiation in medicine. The medical physicist working in
radiation oncology, assures the safe delivery of the radiation to the patient by

calibrating the machines used to deliver the external radiation treatments,

12
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called a linear accelerator, and performs periodic quality assurance tests to
confirm that the linear accelerator is safe and complies with state and federal
regulations. The medical physicist also supervises the treatment planning
and reviews the radiation treatment plan for each patient. This individual
verifies that the cancer patient receives the correct dose of radiation to the
precise location prescribed by the radiation oncologist (AAPM, 2012). The
other member of the team, who works closely with the medical physicist and
radiation oncologist to create the radiation treatment plan, is the medical
dosimetrist. The medical dosimetrist works under the supervision of a
radiation oncologist and medical physicist to precisely design a unique
radiation treatment plan for each individual patient. The medical dosimetrist
designs the radiation treatment plan to maximize the cell kill of the cancerous
tumor, while sparing the normal surrounding structures.

While medical dosimetrists work under the supervision of physicians
and physicists, they perform much their day-to-day work independently. As
the medical dosimetrist develops the radiation treatment plan, he/she will
determine the energy, direction, and number of radiation beams used so that
the radiation hits its target and avoids critical organs in the vicinity. All organs
are sensitive to radiation, but some like the heart, lungs, and spinal cord are
very sensitive and too much radiation may cause damage. Some damage is
irreversible and once the radiation is delivered, the effects cannot be reversed

(Bentzen, 2010).

13
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The profession of medical dosimetry grew from a need to design
radiation treatment plans in radiation oncology. In the early days of radiation
oncology, the radiation treatment plan was simple, involving taking a few
physical measurements of the patient and performing a straightforward
calculation by hand. With the introduction of radiation treatment planning
computers, sophisticated three-dimensional imaging modalities, and digital
radiation treatment delivery machines, the radiation oncologist enlisted the
assistance of a medical physicist and medical dosimetrist. The medical
physicist is responsible for modeling the data collected from the linear
accelerator in the radiation treatment-planning computer and confirming that
the radiation treatment delivery parameters meet the intended prescription of
the radiation oncologist (AAPM, 2012). The medical dosimetrist, trained by
the medical physicist and radiation oncologist, operates the radiation
treatment planning computer and develops complex and uniquely designed
treatment plans for each individual patient (AAMD, 2011). The medical
dosimetrist must decide which beam energy, what direction, and how many
radiation beams are necessary to target the cancerous tumor, while avoiding
the surrounding critical structures.

Radiation treatment planning is a very precise, highly technical
process, giving rise to a plan that contains upwards of 10-12 different beam
directions and over 100 different segments. The medical dosimetrist, who

designs these radiation treatment plans, functions as an independent clinical
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practitioner who uses their clinical knowledge and skills to make complex
clinical decisions to develop a unique radiation treatment plan for each
individual patient. About fifty percent of practicing medical dosimetrists
completed at least a Bachelor's degree and fifty percent have less than a
Bachelor's degree. Surprisingly, many of these critical healthcare
practitioners possess no more than a high school education. Questions
remain surrounding their education and clinical training, as well as the
requirements for certification (Adams, 2010; Pusey et al, 2005).

In the health science professions, certification and licensure establish
minimum competency for the entry level professional and in some
professions, certification and/or licensure are mandatory for the independent
practitioner (Giddens & Gloeckner, 2005; Pusey et al., 2005, AART, 2009,
BOCATC, 2009). Few health science professiéns have no licensure or
mandatory certification requirements and medical dosimetry is one of these
professions (AAMD, 2011).

Like many health science professions, entry level into medical
dosimetry evolved (AART, 2009, BOCATC, 2009, NCCPA). In the early
years of the profession, the medical dosimetrist was a register radiation
therapist (RTT), who was trained while working in a radiation oncology clinic

under the supervision of a medical physicist and radiation oncologist (AAMD,

- 2011). The emphasis was on clinical knowledge and skills and not focused

on the individual's formal education. The majority of medical dosimetrists

15
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were trained as radiation therapists in a post high school certificate program
and medical dosimetry was considered an advance practice of radiation
therapy technology.

As the numbers of medical dosimetrists increased, the American
Association of Medical Dosimetrists was chartered in 1975 to meet the
professional, educational, and scientific needs of the individuals working as
medical dosimetrists. Folloyving a long-standing tradition in medical
professions, voluntary certification in the specialty of medical dosimetry
followed with 136 candidates taking the inaugural Medical Dosimetry
Certiﬁcation Board examination (MDCB) in 1986. No minimum educational
background was required for the examination, although all 136 candidates
satisfied the original eligibility requirements of six years clinical medical
dosimetry on-the-job-training experience (OJT). (Pusey, et al., 2005).

Certification remains voluntary, but the eligibility requirements of the
MDCB examination evolved. Now, the eligibility requirements for the MDCB
examination include both an educational component and a clinical training
component. Today medical dosimetry candidates may become eligible to sit
for the examination through three different pathways (MDCB, 2012).

Route one requires that the candidate graduate from a Joint Review
Committee on Education in Radiologic Technology (JRCERT) accredited
medical dosimetry educational program. JRCERT is the only agency

designated by the federal government to accredit radiologic technology

16
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educational programs and programs must meet a 12-month minimum to
adhere to the standards set by JRCERT for accreditation.

Route two requires that the candidate possess a minimum of a
Bachelor's of Science degree (BS) or active certification in radiation therapy
technology (RTT) and complete 24 months clinical medical dosimetry training.
Route three requires that the candidate possess a Bachelor’'s of Arts degree
(BA) or Associate's degree in science (AS) and complete 36 months medical
dosimetry clinical training. Beginning with the 2013 examination, only
candidates with a minimum of a BS or RTT and 24 months clinical medical
dosimetry training will be accepted through this alternate route and unless
RTT candidates posses a Bachelor's degree, they will no longer be eligible in
2015. In 2017, the requirements are restricted to only one route for all
candidates; a minimum of a B.A. or B.S. and graduate of a JRCERT
accredited medical dosimetry program (AAMD, 2009). (Table 1)

Graduation from accredited educational programs and attaining a
higher education are indicators of success in various health science
professions (Starkey & Henderson, 1995, Wiiliams & Hadfield, 2003,
Raymond & Washington, 2002, Asprey, Dehn, Kreiter, 2004). Accredited
health science professional educational programs must meet standards
specific to the expertise necessary for entry-level professionals (AART, 2009,
BOCATC, 2009, AAMD, 2011). Common standards include teaching the

content specific clinical knowledge and skills to pass the certification and/or
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Table 1

Eligibility routes for Medical Dosimetry Certification by MDCB.

Year Route1 Route 2 Route 3
2012 Graduate from RTT -OR- BS in related AAS or AS or
a JRCERT science BA AND
program of at AND 36 months
least 12 months 24 months clinical Med clinical Med
Dos experience Dos experience
AND AND
12 approved CE credits 12 approved
CE credits

2013 Graduate from RTT -OR- BS in related
a JRCERT science
program of at AND
least 12 months 36 months clinical Med
Dos experience
AND
24 approved CE credits

2015 Graduate from BS in related science
a JRCERT AND
program of at 36 months clinical Med
least 12 months  Dos experience
AND

24 approved CE credits

2017 BA or BS AND
Graduate from
a JRCERT
program of at
least 12 months
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licensing examination, reflective of an entry-level professional, and
developing critical thinking skills necessary to practice as an independent
health science practitioner.

Various definitions for critical thinking are found in literature (Dewey,
1933, APA, 1990, Watson & Glase, 1980, Ennis, 1993, Facione, 1990,
Brookfield, 1987, Paul, 2005). Health science literature supports the
fundamental link between critical thinking and clinical reasoning (Mattingly,
1991, Finn, 2011, Kamhi, 2011, Giddens & Gloeckner, 2005, Bowles, 2000,
Williams, et al., 2003, Vendrely, 2005, Rogal & Young, 2008). Lewis, Arthur,
& Smith (1993) describe critical thinking as a high order thinking process,
where individuals interrelate new information and knowledge stored in
memory to answer a perplexing question or achievé a purpose. In the health
sciences, Mattingly (1991) relates critical thinking to problem solving. Various
authors present evidence that critical thinking is developed in higher
education and through active learning processes. Kamhi (2011) states that
one’s belief system and critical thinking influence clinical decision-making.

Some evidence exists to support the relationship between education
and critical thinking skills of health science professionals (Raymond &
Washington, 2002, Asprey, Dehn, Kreiter, 2004). Literature also supports the
relationship between critical thinking skills and success on certification and

licensing examinations (Williams & Hadfield, 2003).
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Need for the Study.

According to the American Cancer Society, the number of new cancer
cases is increasing by about 2% per year and about 50% of cancer patient
are treated with radiation (ACS, 2012). By 2020, the American Society of
Clinical Oncology predicts that due to an increase in aging, growth of the
population, and improvements in cancer survival rates, the demand for
qualified radiation specialists will increase (ASCO, 2012). One such health
science profession that will experience this increased need is medical
dosimetry. Even without mandatory certification or licensure, healthcare
institutions demand that medical dosimetrists validate their of level
competency by passing the MDCB examination.

The eligibility requirements for the MDCB are evolving and in 2017, a
Bachelor's degree and graduation from an accredited medical dosimetry
program will be the only route toward certification (MDCB, 2012). In other
health science professions, evidence exists that students who graduate from
an accredited program and students who possesses a degree have higher
critical thinking skills and are more successful in passing the certification
and/or licensing examination (Starkey & Henderson, 1995, Williams &
Hadfield, 2003, Raymond & Washington, 2002, Asprey, Dehn, Kreiter, 2004).
Currently, there is no evidence concerning the critical thinking skills of

medical dosimetrists.
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Radiation OOcologists and medical physicists technically supervise
medical dosimetrists, even though much of their daily responsibilities include
independently performing highly technical and very precise tasks. Each
computer modeled treatment plan is designed for an individual patient to treat
their unique disease. During the process the medical dosimetrist analyzes
the situation presented to him/her while developing the optimal pian for the
unique patient. The medical dosimetrist makes clinical judgments following
scientific principles and evidence-based guidelines. They evaluate the
integrity of the final product and decide which plans they will present to the
physician for approval. Since about seventy percent of practicing medical
dosimetrists work as solo practitioners in small freestanding clinics or
community centers, they are expected to do much of their work independently
and utilize critical thinking skills.

For purposes of this study, the operational definition of critical thinking
is high order thinking based in active evaluation, interpretation, analysis, and
assessment of a unique patient in a unique situation demonstrated in problem
solving using evidence-based decisions and reflective judgment.

Purpose of the Study.

The primary purpose of the study is to explore the critical thinking skills
of medical dosimetrists, as measured by the Health Sciences Reasoning Test

(HSRT).
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A secondary purpose of the study is to investigate whether critical
thinking skills of medical dosimetrists increase over the learning spectrum;
from entry-level student to practicing professional. Post-hoc analyses are
planned for age, gender, education, prior healthcare experience, prior medical
dosimetry experience, and RTT status.

Research Questions.

For the purpose of this study, the primary research questions were:

¢ Do medical dosimetry professionals who are currently practicing
medical dosimetry demonstrate strong critical thinking skills as
measured by the HSRT?

¢ Do students at the beginning of a formal medical dosimetry educational
program (entry-level students) demonstrate moderate critical thinking
skills as measured by the Health Sciences Reasoning Test (HSRT)

(Insight, 2010)?

o Wil practicing medical dosimetry professionals demonstrate stronger
critical thinking skills than entry-level medical dosimetry students, as

measured by the HSRT?
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Research Hypotheses.
The research questions provided a basis for developing the
hypotheses for this study are:

+ H1: medical dosimetry professionals who are currently practicing
medical dosimetry will demonstrate strong CT skills, as measured by
the HSRT.

+ H2: Entry-level students enrolled into a medical dosimetry educational
program will demonstrate moderate critical thinking skills, as measured
by the HSRT.

* H3: Medical dosimetry professionals will demonstrate stronger CT
skills then entry-level students enrolled into a medical dosimetry

educational program, as measured by the HSRT.




Chapter i

Literature Review

Medical Dosimetry.

Medical dosimetry is a health science profession in radiation oncology
recognized by the American Medical Association. The profession evolved
from the need to assist the medical physicist and radiation oncologist to
provide a high level of precision to radiation dose planning and delivery in the
treatment of cancer patients (AAMD, 2008a). In 1975, the growing number of
medical dosimetrists formed the American Association of Medical
Dosimetrists (AAMD) as an international society to promote and support the
medical dosimetry profession through education, professional interaction, and
representation within healthcare (Pusey, et al., 2005).

Historically, medical dosimetrists began their careers as registered
radiation therapists (RTT) and were trained in the radiation oncology clinic to
function as medical dosimetrists by certified medical physicists and radiation
oncologists. The results of the 2012 workforce survey revealed that the
majority of practicing medical dosimetrists previously practiced as radiation
therapists (AAMD, 2012). As with other health science professions, the
AAMD leadership decided that some measure of competency should be
established in the practice of medical dosimetry (Pusey, et al.,, 2005). In
1988, the Medical Dosimetry Certification Board (MDCB) was incorporated

and charged with the certification of medical dosimetrists. The mission of the
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MDCB is to elevate the profession, determine certification eligibility, conduct
examinations, grant certificates to successful candidates, and offer a registry
service to certified medical dosimetrists (CMDs) (MDCB, 2007).

Eligibility requirements for the MDCB examination evolved along with
the profession. Table 1 lists the eligibility requirements and future
modifications (MDCB, 2009). The inaugural examination served as a
grandfather clause, allowing practicing medical dosimetrists with a minimum
of 6 years experience opportunity to become certified. There was no
minimum educational requirement. This route of eligibility was subsequently
eliminated and since 2004 all of the requirements include both educational
and supervised clinical medical dosimetry training components. Keeping with
tradition, though, RTTs are able to become eligible for the examination
without additional education, but they must complete clinical medical
dosimetry training and continuing education credits. This route of eligibility will
remain until 2017 (Pusey, et al., 2005, MDCB, 2009).

Certification is widely used in health science professions to set
standards for qualified individuals to practice within the profession and to
protect and improve the health and safety of individuals who are the recipient
of the services. Professional certification examinations elevate professions
and determine minimum competency level for clinicians practicing in those
professions. (Giddens & Gloeckner, 2005, Pusey et al., 2005).

Certification and licensure requirements are not uniform through the

25
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United States for medical dosimetrists. In an attempt to standardize
credentialing of healthcare individuals who work in medical imaging and
radiation therapy, including medical dosimetrists, there is pending federal
legislation that addresses minimum education and certification requirements
of all radiologic healthcare professionals. The CARE Bill (Consistency,
Accuracy, Responsibility, and Excellence in Medical Imaging and Radiation
Therapy bill, S. 3338), was again introduced in the United States Senate in
June, 2012 (ASRT, 2012). The legislation will require states to set a
minimum level of education, knowledge and skili for radiologic personnel to
ensure quality of care and protect patients (AAMD, 2008c). In 2012, the bill
gained momentum for legislative support and currently has 125 bipartisan
cosponsors. The bill will also require medical professionals in radiology and
radiation oncology, including medical dosimetrists, to become certified,
ensuring that patients undergoing radiologic procedures have the same
assurance of quality as provided in the Mammography Quality Standards
Reauthorization Act of 1998 and 2004 (MQSA) (ASRT, 2010). The CARE
Bill is endorsed by many professional organizations, including the AAMD,
American Association of Physicists in Medicine (AAPM), American Society of
Therapeutic Radiation Oncologists (ASTRO) and American College of
Radiology (ACR) (AAMD, 2008c). It is likely that once the bill passes,
individual state licensure and health care reimbursement standards will follow

(Adams, 2010; Pusey et al., 2005).




Although medical dosimetry certification is not required by law, it is
endorsed by program accreditation organizations; ASTRO, ACR and the
American College of Radiation Oncology (ACRO). These organizations have
active programs to accredit radiology and radiation oncology practices and
outline minimum standards for personnel within a radiation oncology practice
in their standards of practice. Their accreditation program requirements state
that MDCB certification is recommended for all medical dosimetrists working
clinically in radiation oncology (ACR, 2007, ACRO, 2008).

Radiologic professional and accrediting organizations continually
emphasize the need for board certification in medical dosimetry. As reported
in the 2012 AAMD salary survey, there are over 2500 membérs in the AAMD
and over 90% of them are certified by the MDCB and less than 10% are not
certified (AAMD, 2012). According to the AAMD, it is difficult to estimate the
number of non-certified professionals practicing medical dosimetry (AAMD,
2008d). Pusey, et al (2005) estimated that in 2004 half of all practicing
medical dosimetrists were not certified and that passing the MDCB
examination is difficult for medical dosimetrists who did not attend a formal
training program.

Prior to 2008, graduates of any formal medical dosimetry program could
apply for the MDCB examination, but a major change in the MDCB
examination eligibility requirements occurred with the 2010 exarmination.

Beginning with the 2008 examination, the MDCB Board of Directors specified
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that candidates who apply through route 1 must be graduates of a Joint
Review Committee on Education in Radiologic Technology (JRCERT)
medical dosimetry program and non-accredited program graduates may only
apply through route 2 or 3, thus endorsing the importance of formal,
accredited allied health education (MDCB, 2009b).

in 2017, an additional educational requirement will be added and all
candidates must have a minimum of a Bachelor's degree, in addition to
graduating from a JRCERT accredited medical dosimetry program. The
MDCB examination is not meant to be an entry-level examination, but rather
designed as a high-level examination for skilled, trained and educated
medical dosimetrists (Adams, 2010).

As of 2013, there are 17 JRCERT accredited medical dosimetry
programs in the United States with a total capacity for 166 students
(JRCERT, 2013). JRCERT is the only agency recognized by the US
Department of Education designated to accredit educational programs in the
radiologic professions and is responsible for accrediting programs in
diagnostic radiology, radiation therapy, magnetic resonance, as well as
medical dosimetry. The Board of Directors of JRCERT consists of radiologic
educators, experienced practitioners and recognized leaders in the field of
radiologic specialties. While JRCERT does not prescribe a specific approach
to program assessment, the Board of Directors, with input from relevant

communities, develops a set of accreditation standards that are reviewed
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every five years.

In 2010, JRCERT adopted six standards for medical dosimetry
programs, directing program assessment and student outcomes and including
articulation of the program's mission, goals, outcomes and effectiveness,
description of the program's organization and administration, and a statement
of the curriculum, program resources and services available to the students.
The applicant program provides an application and self-study report
evaluating the program's ability to accomplish its purposes and develops a
plan for future program improvement. After a successful site visit, where a
member of the JRCERT site review committee interviews students, teachers,
and administrators, the program receives JRCERT accreditation for a
maximum of eight years (JRCERT, 2013).

JRCERT accreditation ensures that programs provide consistent
minimum education, providing students with the knowledge, skills, and values
to competently perform their professional responsibilities. All graduates of
JRCERT accredited medical dosimetry programs are eligible to take the
MDCB examination (MDCB, 2009b).

The MDCB certification examination is currently a computer-based
examination offered several times each year at several sites throughout the
United States and abroad. In recent years, about 400 candidates are
approved each year to take the examination and the pass rate ranges from

50-65% (MDCB, 2013). The MDCB examination pass rate falls in the
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"middle" of professional examination pass rates, with Certified Public
Accountant Examination (CPA) pass rates around 30% and American
Registry of Radiologic Technologists (ARRT) around 90% (Adams, 2010).

The examination is designed as a muitiple choice, standardized test with
guestions submitted by experts in the field of radiation oncology and
subsequently reviewed and refined by the MDCB Test Development
Committee. The examination tests both the knowledge and clinical
competency of the candidate, but the question remains of the efficacy of
standardized tests as a predictor of knowledge, critical thinking skills, and
clinical competency (Adams, 2010; MDCB, 2009b).

Professional Certification and Licensure Examinations.

Educational institutions use results of multiple-choice, standardized tests
as predictors of success in many avenues of education. Several authors
challenged this routine practice. Linn (2001) discussed the controversies
surrounding the use of standardized tests for both grade-to-grade promotion
and college admissions. Despite these controversies, it is common practice
that institutions of higher learning set standards for admission based upon
standardized, multiple-choice tests.

Two high profile tests used by institutions as a basis for admission
decisions are the Scholastic Assessment Test (SAT) and the American
College Test (ACT). In 2002, Geiser and Studley published a study on the

predictive validity of SAT | and SAT Il tests at the University of California. The
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SAT |, now known as the SAT Reasoning Test, tests students' knowledge of
three subjects; mathematics, critical reading, and writing. [t is intended to
assess students' aptitude for future learning based upon skills that the
students learned in high school. The test utilizes several different types of
questions, including multiple-choice questions (MCQ), student-produced
responses, and a student-produced essay. The SAT |, now known as
Subject Test, uses only MCQs to measure the students’ knowledge and skills
in a particular subject. The Geiser and Studley (2002) study retrospectively
reviewed over 75,000 student records and found that SAT Il scores were
more predictive of freshman grades than SAT | scores. If college success is
measured by freshman’s grade point average, than the SAT Il (Subject Tests)
showed an advantage over the SAT | (Reasoning Test) in predicting college
success. The literature supports the use of standardized tests useful to
measure success when the test measures knowledge and skills in particular
subject areas, rather than reasoning.

In the health sciences, certification examinations need to assess not
only knowledge, but also clinical judgment and skills to confirm minimum
competency (Starkey & Henderson, 1995, Raymond & Washington, 2002,
ARRT, 2008, MDCB, 2008, BOCATC, 2009). MCQs, if written appropriately,
may address not only knowledge, but also critical thinking skills necessary to
demonstrate clinical application of the knowledge. Some professions add

simulation and practical sections into a certification exam to complement the
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MCQs (BOC, 2009). Simulation questions are designed to test critical
thinking and clinical skills and transcend the first levels of Bloom's taxonomy
for cognitive thinking. Questions that instruct the reader to apply, analyze,
synthesize and evaluate are questions considered suitable for evaluating
critical thinking and clinical skills. To guide item writers for certification
examinations in the radiologic sciences, the American Registry of Radiologic
Technologists (ARRT) provides a question-writing manual. The manual
emphasizes writing practice-based questions using higher-level Bloom's
taxonomy structure. These questions aim to assess cognitive skills that
underlie the basic clinical knowledge (ARRT, 2003).

Professional Training and Education.

Medical dosimetrists use their broad knowledge, professional judgment,
and critical thinking skills to make appropriate clinical decision. Working
under the guidance of radiation oncologists and medical physicists, medical
dosimetrists design patient specific radiation treatment plans. During this
treatment planring process, medical dosimetrists use their knowledge of the
physical treatment machines and the clinical techniques utilized in radiation
oncology to construct a plan that directs the radiation beams toward the
treatment volume and avoids the critical structures. Medical dosimetrists
perform complex tasks and critically synthesize their knowledge of
mathematics, anatomy, physiology, oncology, and radiation physics. They

undertake many responsibilities within the radiation oncology clinic and very
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often are the liaison between the medical