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ABSTRACT
This study was designed to compare factual knovdedtention and clinical
skills outcomes of two different teaching designguiry via the learning cycle and
exposition via power point presentation. This reseavas guided by the following
guestions:

- How do senior medical students, who are taughhbydarning cycle
(inquiry students) compare to medical studentshtbyg power point
presentation (exposition students) when managergse of malignant
hyperthermia assessed by medical fidelity humamlsitar one month
following the teaching?

- How do inquiry students compare to exposition stislen retention of
factual knowledge one month following the teachasgessed by
multiple-choice test?

- Is there a relationship between students’ perfonaaluring simulation
and on a multiple-choice test one month followiegahing?

The research method employed was quantitativestatiaces, including three
multiple-choice tests and a scoring system for aagament of high fidelity medical

simulation crisis related to the subject taught.

Major findings of the study include:

- Clinical skills score of students who were taugntte learning cycle
were not statistically significantly different whenmpared with

students in the exposition teaching.
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- Students who were taught by the learning cycledtatstically
significant higher knowledge retention a monthrate

- Clinical skills improved with increased medical kvledge, and that
was more significant in students who were exposezkposition

teaching.

Although this is the first study to report on thgphcation of the learning cycle
in medical education, the results of the studynsoeraging and the learning cycle

could improve medical students’ learning.
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Chapter |
Introduction

Two contrasting teaching procedures are frequamttgpared in science
education: inquiry and exposition (Berg, Bergendabhdberg, & Tibell, 2003;
Johnson & Lawson, 1998; Karakoc & Simsek, 2004;¥daEubank, & Gallaher,
1990; Marek & Laubach, 2007). Students experiengiggiry courses use higher
cognitive skills as they gain greater conceptuaeaustandings. Conceptual
understanding occurs as students are gatheringddtdiscussing facts, concepts,
laws, principles and theories. On the other hanalents experiencing exposition are
not involved in the processes of science, suctbasrging, model building,
measuring, and theorizing. These passive learmerngramarily receiving information
through lectures.

Medical education curricula have shifted towardlsti-centered
methodologies (inquiry) and away from only teactentered methodologies
(expository). Problem based learning, for examphkes developed in medical
education in the early 1970s (Johnson & Finuca@é0® Problem based learning has
widespread application in the first two years ofdial science curricula where it
replaces the traditional lecture based approadhofbh some case discussion and
group learning occurs during clinical rotationgrdhand fourth year medical
students), most of classroom medical educatiotili€arried out through lectures and
with minimal active participation among studentsp@sition).

The learning cycle is an inquiry teaching procedhee is designed to allow

students’ participation in the kind of thinking &bructivists describe as essential to
1



learning and cognitive development (Henson, 2008j0¥sky, 1978). Rooted in
Piaget’s theory of intellectual development, therteng cycle phases were derived
from Piaget’'s mental functioning processesplorationcorrelates with assimilation,
explanationwith accommodation, anekpansiorwith organization) (Marek, 2009;
Marek & Cavallo, 1997). During exploratipthe teacher provides learners with
developmentally appropriate experiences relatedgaontent to be learned. This
phase allows learners to mentally process obsenstnd experiences as they collect
data (assimilation). After exploration, the teacheides students in the development
of the science concept in the learning cycle phkassvn as explanatiomhe teacher
promotes a discussion period in which learnersestiaair observations (data) with
their classmates. This discussion and sharing taf ceuses the students to feel
uncomfortable with the lack of explanation to tlewrphenomenon or situation
(disequilibration). The teacher guides studentstotheir experiences and data to
derive the relevant scientific concept and ternoggl(accommodation). After this
phase, learners engage in additional activitieshich they apply their newly
developed knowledge to novel situations in therlggy cycle phase known as
expansionThis third phase is designed to cause learnaisaédhe mental function
known as organization (Marek & Cavallo, 1997).

The learning cycle paradigm has been used in seielassrooms for over five
decades with its beginnings in elementary schaudsewentually applied at the
secondary schools and college levels. The leamyolg, by its design, is consistent
with the nature of science and promotes criticalkiimg through inquiry, collaborative

grouping, and the construction of new conceptsh@lgh problem based learning has
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been applied in medical education, learning cyelese has never been reported in
medical education.

Medical fidelity simulation has been increasingihyplemented in medical
education as an educational and competency assastsrak(Henrichs et al., 2009;
Murray et al., 2007). Advantages of medical simalat include (Lake, 2005) (a)
active learning process, (b) nonthreatening enwiramt to patients, (c) ability to
repeat performance until mastery, (d) experienczigis situations seen infrequently,
and (e) as a competency assessment tool. Simutatioalso be used in assessing
competences acquired from different teaching prosd For this research,
simulation will be used in assessing competenaigsieed from different teaching
procedures.

Purpose of the Study

This study is designed to compare factual knowleegention and clinical
skills outcomes of two different teaching designguiry via the learning cycle and
exposition via power point presentation. The leagraycle has not been implemented
in medical education before, but problem basedlagrhas been used and compared
to the traditional lecture based practices. Theomfajcus in studies of the
effectiveness of problem based learning has beestunients’ knowledge base,
assessed by multiple-choice examinations, andheoapplication of this knowledge
(Blake, Hosokawa, & Riley, 2000; Ripkey, SwansonCése, 1998). Any teaching
procedure (inquiry or exposition) should affect ooty factual knowledge, but also
clinical knowledge; the way students apply the kizolge during medical tasks. Some

research showed that different teaching methodeso@nquiry or exposition) have the
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same effects on factual knowledge, measured byipteithoice test (Albanese, 2000;
Lycke, Grottum, & Stronmso, 2006). This study iBatent from previous studies by
the way knowledge acquired from either teaching@doire (inquiry or exposition) is
measured and assessed. Clinical knowledge and akijuired from either teaching
practice will be measured by how learners recogammemanage a malignant
hyperthermia crisis in a medical fidelity simulatione month following the teaching
procedures. A simulated operating room with a mguaimg which serves as a patient
presenting with malignant hyperthermia crisis, Wwal used to test the learner’s
response to such a crisis. This safe and contreliwgdonment is currently the best
available setting for testing crisis managemerstoflents. Additionally, a multiple-
choice test will assess the retention of factuaMidedge one month later.
Research Questions

This research is guided by the following questions:

- How do senior medical students, who are taughhbydarning cycle
(inquiry students) compare to medical studentshtabyg power point
presentation (exposition students) when managergse of malignant
hyperthermia assessed by medical fidelity humanlsitar one month
following the teaching?

- How do inquiry students compare to exposition stislen retention of
factual knowledge one month following the teachasgessed by
multiple-choice test?

- Is there a relationship between students’ perfomaaturing simulation

and on a multiple-choice test one month followiegahing?
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Significance of the Study

To improve teaching practices in medical schoelarring theories for adults
must be applied. It is empirically clear that ret®wledge (memorization) is quickly
forgotten, and meaningful knowledge (understandieggls to be retained longer and
applied or practiced on a higher level (Baxter &d¢t| 1996; Mayer, 2002). Applied
learning theory in medical education should helgsptians apply the appropriate
knowledge to benefit their patients. To test tHeativeness of the learning cycle on
long term knowledge application, a human fidelitpmator will be used to give
medical students the opportunity to apply acqukmawledge. The results of this
research may help medical faculty improve theicléag practices since 27% of
medical faculty focus on having students learn @oaly knowledge and skills to
accomplish clinical tasks (Williams & Klamen, 2006)
Definitions of Terms

Learning cycle. An inquiry constructivist teaching procedure tadws
students to manipulate materials and generatetliatséhey analyze to construct
concept understandings. A learning cycle for thecept of malignant hyperthermia
has been developed and used by the investigatsef@ral years to teach senior
medical students and postgraduate residents.

Malignant hyperthermia. A genetic disease that can be triggered by an
anesthetic and lead to death if not treated promp#spite the availability of a drug
that can reverse the crisis, multiple deathsatitiur annually in the US. Although the

disease is different from an anaphylactic shocka# a similar course of events.



Power point presentation.An exposition teaching method where the
instructor presents knowledge to students on spdeected on a board. For few
minutes at the end, students are usually allowedkaquestions to the presenters. A
group discussion does not normally occur in thisnfat. This format is very common
in medical education.

High fidelity simulator. A high fidelity simulation is a computer contralle
mannequin that can demonstrate many signs and eymspif a human patient disease
process. The mannequin can be placed in a simubgeting room that includes all
the monitors and also humans acting as operatmm giaff. Many programmed
crises can be manifested by the mannequin, inajueialignant hyperthermia crises.
A simulator will be used in this study to assessliced students’ management of a
crisis of malignant hyperthermia. Video camera rdic of the crisis allows for an

observer to assess the student’s management ofisise



Chapter lI
Theoretical Foundation

This chapter focuses on three central premiseséa)cal education, (b)
structured inquiry via the learning cycle, andr@g of simulation in medical
education. Medical education is subdivided intocsitegories (a) complexity of
medical education, (b) cognitive flexibility theorfg) outcome-based or competency-
based education, (d) inquiry vs. exposition leagnie) problem based learning, and
(f) overview of the University of Oklahoma College oéticine curriculum. The
learning cycle section is subdivided into four gatges (a) history of the learning
cycle, (b) the learning cycle teaching procedwgPfaget’s & Vygotsky’s theoretical
underpinning to the learning cycle, and (d) cogeitatnd motivational variables. The
simulation section is subdivided into five categsr{a) history of mannequin
simulation, (b) simulators in anesthesia, (c) aurteses of simulation, (d) advantages
of medical simulation, and (e) simulation in metieducation.
Medical Education

The current blueprint for medical education in MoMmerica was articulated
in 1910 by Abraham Flexner in his repdviedical Education in the United States and
Canada a comprehensive survey of medical education pegjpan behalf of The
Carnegie Foundation for the Advancement of Teachidjat the request of the
American Medical Association’s Council on Medicalu€ation (Flexner, 1910). The
basic features of medical education outlined byfde remain in place today: a
university-based education consisting of two yediscientific foundations and two

years of practical experience in clinical settingecently, The Carnegie Foundation
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for the Advancement of Teaching undertook an ingatibn of medical education and
a research team embarked on an examination intstahes of medical education
(Cooke, Irby, & O’Brien, 2010). Over a three-yearipd, the research team reviewed
the literature and conducted site visits to 14 mwadchools and medical centers. Data
were collected through 140 structured intervievisfdgus groups, 200 observations
and documents. Both qualitative and quantitativedys®s were employed. The
Carnegie researchers found medical education lgekimany important regards.
They found that medical training is inflexible, essively long, and not learner
centered. They also found that clinical educatsooverly focused on inpatient clinical
experience, supervised by clinical faculty who hkegs and less time to teach and
who have ceded much of their teaching responsdslib residents, and is situated in
hospitals with marginal capacity to support theadhing mission. They observed
poor connections between formal knowledge and éxpigal learning. Learners have
inadequate opportunities to work with patients duae and to observe the course of
illness and recovery; students and residents @ib@nly understand non-clinical
physician roles. Most importantly, the team obséryat medical education does not
adequately make use of the learning sciences éeposbgy).

Complexity of medical educationMedical education for health-related
professions represents a major category of adititg and is one of the most
complicated educations. Medical knowledge is enaisrend constantly changing and
physicians must acquire and remember a tremendouber of details, making
memory processes critical. Understanding and magatjseases (medicine) are

complicated processes that form conceptual conplexid case-to-case irregularity
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in knowledge domain, thus referred to as ill-stmuetiness. Additionally, medical
education extends over the lifetime of the physisjavho must be self-directed in
their learning activities and capable of relatimgwminformation to their own needs and
experiences. For these reasons, theories of &dwhihg that emphasize self-directed
and experiential learning are highly pertinent.tkrermmore, theories of instruction that
are based upon self-study or use of media aresaisdicant to medical education.
Cognitive flexibility theory, which emphasizes aseastudy approach involving
context-dependent and realistic situations, appliesctly to medical education.
Cognitive flexibility thinking and teaching allovisr shifting from
constructive orientation that emphasizes retriéngath memory of intact preexisting
knowledge to an alternative constructivist stanbétv stresses the flexible
reassembly of preexisting knowledge to adaptivielthe needs of new situation. For
example, managing a disease such as malignantthgp@ia requires connecting
hundreds of variables. Understanding the pathosoglthe cellular level of the
disease explains why an episode of malignant higpertia presents in many different
ways. The variation of presentations makes thendisig difficult as many of the
presenting symptoms are common for other dise&sg¢sitay occur in relationship to
surgeries and anesthesia. The rarity of the dissdd® to the complexity of
diagnosing it, but the deathly outcome for failbogdiagnose the disease in a timely
manner adds to the seriousness of it. Followinglthgnosis, the physician will have
to know the treatments including managing a crBrevious experiences with crisis
management have to be transferred to the situatibands as not all crises are the

same. Additionally, prioritizing management stepd asing resources appropriately
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is crucial to the treatment and positive outcomaurieling a patient and family on
what to do following the safe outcome is also parhanagement. Without teaching
cognitive flexibility, it will be impossible to teh the management of malignant
hyperthermia knowing that a physician may spendialher carrier without seeing
the disease once. Take this into account with tods of other diseases and the
complexity and ill-structuredness of medicine beeahvious.

lll-structured domain such as medicine must notdogused wittcomplexity
(Spiro & DeSchryver, 2009). Complexity alone doesmake a domain ill-structured;
in fact, many well-structured domains are complell-structured domain such as
medicine, we cannot have a prepackaged prescripfibow to think or act. We also
cannot have a prepared schema that can be usethdtever the situation at hand may
be as those situations may vary completely. Rathdli;structured domain, the
schema of the moment should be formulated fronekfit pieces of knowledge and
experiences that were acquired at different tinmessstuations. This can be acquired
by creating as many variables and experiencesglthamlearning process so learners
can build the network of knowledge with the fleilyi of using different pieces of
this network for different future situations. Tlsisems to be working in medicine over
the many years medicine has been taught. In tosagtiical education, medical
students acquire much of the “introductory” knovgedluring the first two years of
medical school. During these two years, studentsued on their previous knowledge
of chemistry, biology, anatomy, and physiology. ¥aéso learn basic or introductory
application of this new knowledge into some clih®eenarios. However during third

and fourth year of medical school, students exmanthis knowledge and apply much
10



of it in clinical scenarios in different ways. Dag the years of residency, or post-
graduate education, (multiple years of trainindgof@ing medical school) and with
much available content knowledge, physicians catyapis knowledge on real cases
with many variables. Although each disease coulthbesame, each patient is
different and different content knowledge needsd@pplied to different patients or
problem. Following the many years of residency,gitigns should be more exposed
to almost all variables and should have built aemétwork of knowledge that they
can apply to more complicated scenarios in theréutu

Medical educators often deliver complex materiad iiormat that does not
allow the positive learning engagement recommemgecbgnitive researchers and
theorists. Cognitive researchers believe that traeal engagement and active
learning pedagogies change the nature of learmihdg simultaneously improving
knowledge gain and recall abilities. Engaged sttglénd the work more interesting
and thereby put more effort into it. Certain coyaitprocesses and skills such as
decision-making, reasoning, and problem-solvingcaitecal in medical practice.
Problem-solving, in particular, has been the bpeadagogy for many medical
curricula (Taylor & Miflin, 2008). Additionally, may aspects of medicine, such as
anesthesiology and surgery, require high levelseatory-motor ability.

Due to the complexity of medical education, medszdiools have yet to find
pedagogical practice that can be successful inecakdducation. The goals and
objectives of medical students’ education have lmegimed by the Association of
American Medical Colleges (1998) as to produce @ess who are altruistic,

knowledgeable, skillful, and dutiful. Most struatdrmedical education now focuses
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on knowledge and skills, while altruism and dutikeds are ostensibly satisfied by
appropriate selection of medical students andmadeling by medical teachers.
Cognitive flexibility theory. Cognitive flexibility is the human ability to adapt
cognitive processing strategy to face a new or peeted condition. Cognitive
flexibility theory (CFT) is a continuum of the cdnsctivist theory of learning. CFT is
a theory of learning and instruction that was depetl to address four main goals: (a)
helping learners to learn important but difficulbgect matter, (b) fostering adaptive
flexible use of knowledge in real-world settings) ¢hanging underlying ways of
thinking, (d) developing hypermedia learning enmireents to promote complex
learning and flexible knowledge application (Spfmllin, Thota, & Feltovich, 2003).
For constructivists, knowledge is not simply hashdewn from teachers to
students. Rather, students are co-participantsicdnstruction of meaning
(Dimitriadis & Kamberelis, 2006). One of the mamwnstructivist theorists, Jerome
Bruner, believes that students should be encourtgeahstruct their own knowledge
and build upon what they already learned. He arthussinstructions should be
designed to encourage the learner to go beyongiviea information (Bruner, 1996).
CFT can also be related to the genetic epistemdloggyry of Piaget, who posited that
students develop cognitively when they are preskentth new situations that require
them to adapt previously learned materials (Bybegu&d, 1982). While CFT is built
on many of the same principles as other constnsttiveories, it was developed to be
especially useful when applied in complex, ill-stired domains with multivariable

and higher-level learning, such as the teachingileg of medicine. In other words,
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the theory was developed to allow the applicatibdifferent types of knowledge to a
variety of dynamic situations.

In well-structured domains, concepts can be, maftéct should be, directly
instructed, fully explained, and simply supportddwever, this cannot be done inill-
structure domain. Spiro believes that there isltesraative to constructivist approach
in learning, instruction, knowledge applicationdanental representation in ill-
structured domain (Spiro & DeSchryver, 2009). Altgh using constructivism
through CFT has not yet proved to fully work instructure domain, Spiro believes
that we should continue on using it. This is duthtofact that we know that direct
instructional guidance does not work in ill-struetth domain (Spiro & DeSchryver,
2009). It is the particular way that CFT instruaspand the associated guidance
tailored to the need of learning in ill-structur@nckin that distinguishes it in
fundamental ways from direct instructions. CFT lbesgstems facilitates a nonlinear
web of knowledge that resist the oversimplificatadrknowledge. This web of
knowledge insures the connections of different ggeaf knowledge to support
maximal adaptive flexibility in the later-situati@ssembly of knowledge and
experiences to suit the needs of a new problemrgpbvent.

Coulson, Feltovich, and Spiro (1997) studied thaliaption of cognitive
flexibility in medicine, specifically in the way phicians analyze and treat a very
common disease, hypertension. They argued thating uhe standard hypertension
treatment algorithm, in which hypertension pathglagd etiology are very
simplified, physicians mistreat 50% of the casdswever, if physicians use cognitive

flexibility to take into account all the variablasd factors as well as the inherent
13



complexity of hypertension, physicians could trth&t disease and control blood
pressure faster and more reliably.

The goals of medical education are clearly thossdetinced knowledge
acquisition. New medical students have already l@emduced to many of the
subject areas within the biological sciences thay will learn in medical school.
However, during medical school and life-long leamjiphysicians need to master
these concepts and have the ability to apply tleeviedge from formal instruction to
real world cases. The complexity of medical donsaid the many variables of
medical cases make the medical field an ill-stmedildomain. Due to these
complexities, medical educators have been very btragturing an outcome-based
curricula that teach medical students the attrated competencies that are expected
of physicians (Harden, 2007).

Outcome-based or competency-based educatid@utcome-based education
emphasizes learner and program outcomes, not thevg@aand processes to attain
them. Calls for competency-based approach to eeycatessionals go back decades
ago (Carraccio, Wolfsthal, Englander, Ferentz, &tha2002). Traditional criteria
curriculum is organized around knowledge objectived focus on instructional
process regardless of the outcome of the procesth&other hand, outcome-based
education structures its curricula around the auteavhile the process is secondary
(Harden, 1999). Some of the rationales for a coemmt-based medical education are
(Frank et al., 2010) (a) focus on curricular outesi(b) emphasis on abilities
(competencies are the organizing principle of cuta), (c) de-emphasis of time-

based training, and (d) promotion of learner-caattress. As medical education
14



evolves to focus on competencies, it is importartdfine those competencies. It is
assumed so far that those competencies will indhmdevliedge, skills, and attitude
(Molenaar et al., 2009Dn the other hand, competerAogsednedicaleducation has
been criticized for being reductionistic, thatfa, focusing on atomistic skills and
failing to capture the essence of professionalaiets as manifested by complex and
integrated capabilities (Swing, 2010).

Inquiry vs. exposition learning. Contemporary views on learning conceive
that one constructs knowledge based on previowstylieliefs and experience. In this
sense, inquiry learning is metacognitive, giving thdividual a picture of how she/he
learns (Graffin, 2007). As in many other discipBna growing literature in medical
education praises the benefits of inquiry versymsition learning (Carline, 1989;
Richardson & Brige, 1995). The difference betweawguiry and exposition is not just
observable, but is also ideological. While pastaening assumes that knowledge
can be transferred from one person to anotherealgarning presupposes that all
knowledge is constructed by the learner. Each sfferery different epistemological
underpinning. Passive learning perceives knowledge commodity, whereas active
learning perceives knowledge as experience crdatdide individuals’ meaning
making processes (Maclellan, 2005).

For learning to be active, learners not only n@edet doing something but also
need to reflect on what they are doing. Activenéay is learner-centered, where an
individual’'s needs are more important than thostefgroup. Active learning

pedagogies change the teacher-learner relatiotslaipearner-learner relationship.
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Active learning is within Piaget's taxonomies, argather taxomonies. Active
learning combines engagement and observation efibctive experiences.

Passive learning as a method fails to connect stadkrectly with the
knowledge and skills they need to learn. Passiamnieg occurs when students read
an assigned article, chapter, or book; when theglwa film; when they attend a
lecture. Active learning occurs when each of thexgerities is combined with
engagement, observation and reflection.

Problem based learning Following the introduction of problem based
learning (PBL) to medical curricula in the 1970sh{dson & Finucane, 2000), the
majority of medical schools worldwide began to adapre active learning strategies
(inquiry) over what was considered the traditiopassive method (exposition)
(Norman & Schmidt, 1992). This movement created@ylof literature that describes
the potential benefits of PBL curricula comparedraalitional learning. However,
navigating this body of literature is not an eamskt Generally, the end results of
studies on PBL are inconsistent and the sampleo$izeme makes it difficult to arrive
at conclusive evidence. Additionally, review arglon the subject produced
conflicting results and some skepticism regardimgeffectiveness of PBL.

Dochy et al. (2003) published a meta-analysis3o$tidies to evaluate PBL
effects on knowledge and skills. The review wasrastricted to medical education,
but included all forms of tertiary education. Theakysis showed moderately
significant effects on practice skills favoring PBAlthough deemed small and not of
practical significance, the authors found scorekrmwledge tests to be lower in the

non PBL group. While the appropriateness of conmigithese data in a meta-analysis
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is questionable due to substantial heterogenerysacstudies, the analysis provided
some insight into potential effect modifiers. Thegploratory analyses, which were
based on a small number of studies, suggestedttidt design, students’ level of
expertise, retention period, and assessment methag®xplain variability in effect
estimates. The authors cite their main limitatisrttee compromised internal validity
of the primary research studies.

Koh et al. (2008) conducted a systematic review¢haluated PBL on 37
outcomes of physician competency (identified byabthors) post-graduation. The
review was methodologically rigorous in that it gmmsed a comprehensive and/or
systematic approach to searching, study seledta, extraction, and quality
assessment. The authors identified 13 unique netestadies although 4 only
provided self-reported data which the authors aghedge as being prone to
inaccuracy. The analysis yielded significant resalipporting PBL for 7 of the 37
competencies; diagnostic skills or accuracy, comoation skills, and possession of
medical knowledge are among these 7 competendiesadthors pointed out a
number of limitations of their review, some of whistem from the nature of the
literature, in particular, the challenge of disergang the effects of PBL from other
curricular changes.

Hartling et al. (2010) conducted a systematiceevof PBL in undergraduate,
pre-clinical medical education between 1985 and/2@80review of 30 unique studies
demonstrated that knowledge acquisition measurezkbg scores was the most

frequent outcome reported. They concluded that &&4s not impact knowledge
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acquisition, and evidence for other outcomes do¢provide unequivocal support for
enhanced learning.

Although the superiority of inquiry curricula hasdn demonstrated, a
concurrent literature is growing to discuss thé& lacpedagogical change in medical
education (Hurst, 2004; Rudland & Rennie, 2003003, a web-based questionnaire
to medical schools education deans documented @atof the 123 medical schools
in the US used PBL in the preclinical years (Kinkal005). Of schools using PBL,
45% used it for fewer than 10% of their formal teag, while 60% used it for more
than half of their formal teaching. Of the 30% ofsols not using PBL, 22% had
used it in the past, and 2% had plans to incorpatan the future.

Due to their lack of pedagogical understandingsshers in medical schools
generally teach as they were taught in undergradarad graduate schools. Although
medical faculty were able to keep up with the rgpathanging science of medicine in
the last few decades, the same cannot be said atsalital teaching. Medical faculty
understand the complexity of scientific changesgbample, if a scientific research
uncovers a function or treatment, medical faculeyeager to apply it to their patients.
On the other hand, pedagogical changes are naoicsidn of medical education, due
to medical faculty’s lack of pedagogical prepanatamd understanding. This could be
due to medical teachers’ simplistic understandivag to be a good educator, one only
needs to have exceptional grasp of the materialayf,aeaching in medical classroom
remains lecture driven, with little engagement lesta students and faculty (Graffam,

2007).
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Overview of the University of Oklahoma College of Mdicine curriculum.
The four-year MD curriculum at the University of @koma College of Medicine is
divided into two phases: the pre-clinical curriaaluvhich consists of the first and
second years, and the clinical curriculum, whichsisis of the third and fourth years.
The medical school curriculum includes both reglizeurses and elective
opportunities. Many courses are team-taught urigeleiadership of course directors.
And the courses are graded both by traditionadeftades and honors/pass/fail
grades.

The preclinical curriculum is organs-systems basée. basic sciences
curriculum begins with foundation courses, followsdorgan-systems courses, and
culminates with a capstone course. There are mppgrtunities for self-directed
learning throughout the first and second year. dieelinical curriculum courses
include: three foundational courses, numerous Bysturses, a clinical medicine
course, and finally the capstone course. Studeavs n opportunity to participate in
the enrichment program which consists of electmarses offered during the
preclinical curriculum. In the enrichment prograstydents take two courses from the
following areas: medical humanities, clinical leéag) and research. At the conclusion
of the basic sciences curriculum, students takagpatone course, which is a ten-week
course that is designed to reinforce, apply, amdh®size basic science concepts
taught during the systems courses. This capstamseds also designed to introduce
concepts of evidence-based medicine, and to fatalthe transition to the third year.

The first year curriculum includes forty weeks olicsework. It begins with a

one-week prologue course, and then transitionstimaee foundation courses,
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including molecular and cellular systems, diseaagribsis and therapy, and the
human structure. Students take four systems basedeas during the spring semester.
During the afternoon, students take clinical medici‘patients, physicians, and
society”, and the enrichment track. The second geaiculum consists of 35 weeks.
Students take the remaining 3 systems based cothsedinical medicine 1l course,
the “patients, physicians, and society” course, @michment courses if they're
enrolled in it. The second year ends with a tenknssgstone course.

The College of Medicine uses a variety of instraéil approaches during the
preclinical curriculum. These include: lecturesafirgroup sessions, team based
learning, clinical preceptor experiences, anatomgattions, and independent study.
During a typical day, students may have some coatioin of lectures, team based
learning, independent study, anatomy dissectiospall group discussion.

In contrast, the clinical years curriculum is exeetial, immersive, and
participatory. There are few lectures in the chicurriculum. The clinical years
consist of a series of discipline based clerkslefes;tives, and selectives. Students
work in the outpatient environment, and in inpatettings. Additionally, the college
of medicine has a rich online curriculum resouraked Hippocrates that is designed
to supplement the traditional curriculum.

The third year consists of a variety of clinicarships that range from four
to eight weeks in length. During the third and tbwear students must take five 2-
week selectives from a variety of areas includagymatology, emergency medicine,
anesthesiology, neurosurgery, and pathology. Duhadourth year students take a

four week geriatrics clerkship, a four week ambargimedicine clerkship and a four
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week rural preceptorship, and 22 weeks of electiVae College of Medicine uses a
hybrid grading system. During the pre-clinical acwtum, an honors pass-fail system
is used. During the clinical curriculum, a standitter grade system is used within a
4.0 GPA system.

Regarding assessment: pre-clinical students aessesd via one or more
multiple-choice tests per course. Students maywaisiergo clinical skills assessments
and they may be asked to complete assignmentgticipate in an audience response
system exercise. During the clinical curriculunudg&nts are assessed via written and
oral exams and are asked to complete patient wote Faculty and residents rate
student performance on every clerkship. Acrosgtilid and fourth year, students are
asked to participate in clinical skills assessments
The Learning Cycle

The learning cycle is a teaching procedure thatgires inquiry and transpires
in several sequential phases. A learning cycle mdve learners through a scientific
investigation by encouraging them first to exploraterials, then construct a concept,
and finally apply or extend the concept to otharations (Marek, 2008).The best
description of the learning cycle is an essay by Ah L. Cavallo:

The learning cycle is best described as a philogopBcience teaching and

learning, focusing attention on the students aed tharning processes.

Importantly, the learning cycle is the means taeahthe primary educational

purpose of promoting thinking, scientifically well-prepared citizenry that is

so critically needed in today’s world. (Marek, 20p9151)
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History of the learning cycle.Robert Karplus, a physicist at the University of
California Berkelry, is credited for seminal work structure inquiry, which later
became known as the learning cycle. This approaskience began in the late 1950s
(Marek, 2009). Together with J. Myron Atkins, Karplcreated a theory of “Guided
Discovery” which is based around students learbaged on their own observations
(similar to the scientific method). The 1970s mu first time the term “learning
cycle” appeared in the literature. The 1970s atsaight different other type of
inquiry programs for science to numerous schodtidts.

During the 1980s, John W. Renner and Michael Admaidentified the
relationship between the three phases of the legueycle (exploration, explanation,
and expansion) and the three elements of Piagettkehof mental function
(assimilation, accommodation, and organizationgyltound through a study
conducted in high school chemistry classes thasélggience of the cycle phases was
important to students learning, but noted that twmyld be reordered under certain
conditions. Towards the end of the decade, modifeates for the learning cycle were
proposed.

The 1990s made additional changes to the leacyalg in the form of new
steps added in a more alliterative fashion: engagenexploration, explanation,
elaboration, and evaluation. This is the so-cdiletkarning cycle. Research focus
also shifted from the students’ involvement in liggrning cycle to the teachers’
understanding of it. The greater the understandirige learning cycle by teachers

translated into better implementation of the leagraycle as it was designed.
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The learning cycle teaching procedurel.earning cycles consist of three
phases: exploration, explanation, and expansionn@exploration collaborative
learner groups engage in an activity and genetal @alection using scientific
processes (assimilation). The exploration phadesggned to stimulate learners’
interest by producing some degree of disequilibratirhe outcome of the learning
cycle (science concept) is not disclosed to thenkxa beforehand. During the
exploration phase, the teacher acts as a faciljitptoviding materials and directions,
and guiding the physical process of the experimEm. outcome of the exploration
phase is typically a set of data for the learne@alyze and interpret in the next
phase.

In explanationphase, learner groups present their data for aelaalysis and
discussion. During this process, the teacher gultetearners’ analysis of the data by
guestioning them in both groups and whole classudsion (Marek & Cavallo, 1997).
Finally, as a class, the learners, using their awrds, develop an explanation, or the
concept of the learning cycles and therefore ralibgate. After the class has
constructed the concept (accommodation), the teadtegpropriate, may introduce
any scientific terms related to the concept. Nantigge terms culminates the second
phase of the learning cycle.

Theexpansioror application phase allows students opportuntbasse the
science concept in different contexts (organizatidhe purpose of this phase is to
extend or expand learners’ understanding of theeminand help them understand its
application to other situations. The applicatioryratilize additional experiments,

demonstrations, reading, videos, computer programs$discussions to help learners
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expand their understanding of the concept. Theotifge concept in the application
phase completes the cyclical process, and oftels llanew explorations (learning
cycles). Learning cycles are often viewed as spiied application activities lead to
more topics to be explored and explained whiledag more complex concepts upon
the foundation of simpler ones.

Piaget’s & Vygotsky’s theoretical underpinning of he learning cycle.The
theory of cognition upon which the learning cydéased is a model of intellectual
development advanced by Piaget. Jean Piaget (188®) Was a developmental
psychologist, best known for his structuralist ttyeaf cognitive development, in
which development is organized into a series ofisatjal and invariant stages. Piaget
became very interested in philosophy, especiatiicldHe blended this with his
interest in science and began searching for bioc&@xplanations of cognition. Piaget
decided to develop philosophy/biology of life aifd forms, the centerpiece of which
was the idea that all forms of life (organic, méraad social) are organized as
“totalities” that are greater than the sum of thparts, and that these totalities impose
the organizing structure of the parts.

Reacting to a long legacy dominated by behaviteetning theories, Piaget
proposed a dynamic, cognitive model of learning became known later as
constructivism. In constructivism, learning is ceived to be a holistic, “bottom-up”
process enacted by antive learner In contrast to behaviorist learning theories,
Piaget proposed several new and radical themesmdhadual learner is an active
constructor of knowledge; developmental process esede learning through

instruction; and language is an epiphenomenonarfght and not constitutive of
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thought. Piaget called the knowledge and skillspssed by individuals “schemas”,
and he explained how they got reorganized withctmeepts of assimilation,
disequilibrium, equilibrium, accommodation, and amgation.

Piaget claimed that individuals learn primarilyabgh their own categories of
thought while they attempt to organize the worlouad them. To eventually arrive at
adult-like forms of understanding- or, in Piagetiarms, objective knowledge-
individuals activity proceed through a spiral aiges in which they develop different
hypotheses based on their experience and incogthrase hypotheses into different
naive theories for understanding and explainingstbed around them. Instead,
individuals’ epistemologies about the world aretowrally transformed as they act in
and on the world and reflect on the nature anccesffef their actions.

It is important to note that although originallysea on Piagetian theory, the
learning cycle also embodies other constructivasagigms or learning and
development such as social constructivist theoryyyotsky and meaningful learning
theory by Ausubel (Marek, Gerber, & Cavallo, 1998ygotsky maintained that
“learning is a necessary and universal aspecteopthcess of developing culturally
organized, specifically human, psychological fuoiet.” (Vygotsky, 1978). In other
words, learning is what leads to the developmemiigiier order thinking. As a
constructivist, Vygotsky repeatedly stressed theartance of past experiences and
prior knowledge in making sense of new situationgresent experiences. According
to Vygotsky's theory, social learning leads to fetdevelopment, which represents a
huge difference from Piaget who believes that dgwaknt is a prerequisite to

learning (Bybee & Sund, 1982). Vygotsky believest flearning and development are
25



always within two planes: social and psychologitakrning is first situated in an
interpsychological plane between the learner armvkmg others. However, in later
stage learning moves into another intrapsycholdgieme through a process called
“internalization.” Internalization is the reconsttion of external operation so they
transform from being a social phenomena to beimgqgdahe learner’s interpersonal
mental functioning. Learning is specific to thdtare and society as the tools of
learning, such as language and signs, differ fraluce to culture. Vygotsky
maintained that language plays a central role gnitive development. He argued that
language was the tool for determining the waysdividual learns "how" to think.
That is because complex concepts are conveyee todividual through words.
Learning, according to Vygotsky, always involvesgatype of external experience
being transformed into internal processes thronghuse of language. Additionally,
speech and language are the primary tools useahmanicate with others,
promoting learning. This is in a way similar to g@awho emphasized the role of
experiences on assimilation of knowledge.

Vygotsky's concept of the Zone of Proximal Develepin(ZPD) is perhaps
what he is known for most. He proposed that anndisgdeature of learning is to

create the ZPD; that is, learning awakens a vaakigternal developmental processes

that are able to operate only when the child isratting with people in his
environment and in cooperation with his peers ((&refl Shields, 2008). Once these
processes are internalized, they become part afftitds independent developmental
achievement. In other way, ZPD is “the distancevben the actual developmental

level as determined by independent problem solaimdjthe level of potential
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development as determined through problem solvirdguadult guidance or in
collaboration with more capable peers” (Vygotsk§78). In theory, as long as a
person has access to a more capable peer, angiprehh be solved. According to
Piaget, learning is what results from both mental physical maturation plus
experience (Bybee & Sund, 1982). In contrast tgé&tiavho believes that
development preceded learning; Vygotsky observatldarning processes lead
development (Gredler & Shields, 2008). Accordiny/t@otsky the two primary
means of learning occur through social interactiod language. Language greatly
enhances humans' ability to engage in social iotieress and share their experiences.
Vygotsky maintained that learning occurs just abibnvestudent's current level of
competence. Furthermore ZPD is dynamic and fluatepvithin which individuals
move about as the content, learning contexts, @thér characteristics change
(Dimitriadis & Kamberelis, 2006).

Mental functioning. According to Piaget, learning occurs primarilyoihgh
self-regulation. It involves a series of active stoactions and adjustments on the part
of the individual in response to external pertudgm These constructions and
adjustments are both retroactive (loop systemsexatldack) and anticipatory. Together
they form a permanent system of compensations yalaaeking equilibrium. The
compensations are accounted for primarily by asatiron and accommodation.
Assimilationis a matter of making a new object or experieitdatb an old schema.
This new object causes a disturbance or disequitibthat forces the mind to
equilibrate.Equilibrium is typically motivated by the experiencedi$equilibrium the

uncomfortable sense that one’s experience is & witti one’s capacity to understand
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and explain itAccommodatiois a matter of making an old schema fit a new abje
For example, teaching medical students about matighyperthermia as a disease
could be achieved by connecting the pathology efdisease to an earlier concept the
learners know, muscle fiber contraction (force)isldoncept is familiar to all medical
students through earlier biology and physiologgsts. A review of intracellular
action of a fiber contraction and the role of aahsiregulation in organized fiber
contraction places the subject in the learners’ ZIRDoducing the concept of a
genetic malfunction that cuases massive releasalafum under certain
circumstances will cause the learners to cognitidedequilibrate and force them to
equilibrate by assimilation. Students will then@oenodate by connecting the effects
of increased intracellular calcium release andctimecal symptoms of malignant
hyperthermia: increased muscular contraction caugelty and increased heat
production, massive lactate release causes acidlozisased oxygen consumption
manifests as blood oxygen desaturation, and ineceearbon dioxide production
forces the body to remove it manifesting by inceelbsarbon dioxide elimination by
the lungs. Learning about malignant hyperthermigsea the learners to go through
multiple loops and feedbacks while disequilibratamgl equilibrating multiple times; a
formal learner should be able to do that.

Developmental stages. Even though Piaget claimed that children are active
participants in the creation of knowledge, he alsamed that they progress through
distinct development stages, each with its ownifipéand of knowledge and ways of
organizing that knowledge, as well as specific beiral characteristics. The first, the

sensorimotor stageccurs roughly between birth and two years of &yging this
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stage, children explore things that can be sedénafed touched through their senses.
Their knowledge during this stage is largely imnageli sensory, and motor. The next
stage, th@reoperational occurs roughly between the ages of two and sgears.
During this stage, children’s thinking is more ititte and concrete than logical and
abstract. One of the best-known examples of predipeal children’s centrism is
their inability mentally to conserve number, lengthd solid or liquid amounts. The
third stageconcrete operationemerges roughly between the ages of seven and up.
During this stage, children begin to apply logiocperations to concrete problems.
Children are rather skilled at thinking logicalbyt only in the context of specific,
concrete situations. They have difficulty thinkialgstractly and forming
generalizations based on particular experiencesy atso develop the concept of
“Reversibility”, “Classification” and “Serration’The fourth stagdprmal operations
emerges roughly around ages of eleven and up. @thia stage, children develop the
ability to view problems from multiple perspectivés think abstractly, to form and
test hypotheses intentionally, to generalize frampgarticular to the abstract, to
engage in logical (deductive) reasoning, and teehbgvideals. Although Piaget
posited that these four stages are sequentialgrigmt, he also acknowledged that the
ages when children pass through different stageagroximate, and that children
sometimes move back and forth between stages dwangitional developmental
periods.

Piaget argued that language does not facilitateitog development, and that
cognition can develop normally without languagerects a mediational means.

Additionally, he thought that although languagen&rumental in sharing of
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knowledge, it is not a source of knowledge. InstéadPiaget, thought development
precedes language development. Language is simpReation of the thought. This
claim seems rooted in Piaget’s instance that thieighual learner is a little scientist,
constantly constructing and reconstructing theaalasut the world and how it works.
This perspective is controversial and was strongiyosed by Vygotsky and his
followers. From this perspective, socialization &saching is effective only after
children have moved beyond syncretic thought amdeufric speech.

Vygotsky promoted the development of higher lehétking and problem
solving in education (Gredler & Shields, 2008)sitiiations are designed to have
learners utilize critical thinking skills, theirdhght processes are being challenged
and new knowledge gained. The knowledge achievedigin experience also serves
as a foundation for the behaviors of every indiaidiygotsky believes in the "More
Knowledgeable Other" (MKO). The MKO is anyone whasla better understanding
or a higher ability level than the learner, paracly in regards to a specific task,
concept or process. The MKO could be thought & tsacher or an older adult;
however, this is not always the case. Other pdgsbifor the MKO could be a peer,
a sibling, a younger person, or even a computas i§tsimilar to what Bruner thinks
and believes (Bruner, 1996). The key to MKO is thaty must have more knowledge
about the topic being learned than the learner.ditegchers or more capable peers
can raise the student's competence through the ¥iafatsky's findings suggest
methodological procedures for the classroom whezxedeal role of the teacher is that
of providing scaffolding to assist students on sasithin their ZPD. During

scaffolding the first step is to build interest arjage the learner. Once the learner is
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actively participating, the given task should balified by breaking it into smaller
subtasks. During this task, the teacher needsdp #e learner focused, while
concentrating on the most important ideas of tisggasent. One of the most integral
steps in scaffolding consists of keeping the |leafmoen becoming frustrated. The final
task associated with scaffolding involves the teachodeling possible ways of
completing tasks, which the learner can then imitattd eventually internalize. It
seems that what Vygotsky is callimgernalizationis close to Piaget’s idea of
assimilation Students need to work together to construct teanning, teach each
other so to speak, in a socio-cultural environment.

Cognitive and motivational variables.In addition to research supporting the
effectiveness of the learning cycle in facilitatiadpetter understanding of scientific
concepts and processes, the role of cognitive Magaon science achievement has
also been investigated (Cavallo, 1996; Johnson \&dom, 1998; Lawson &
Thompson, 1988). Among cognitive variablesgsoning abilityhas received the most
attention. The ability to reason formally is theosgest predictor of meaningful
understanding of scientific concepts. Lawson andrijson (1988) demonstrated that
high-formal learners who no longer require concodfects make rational judgments
and are capable of hypothetical and deductive reagpperformed better than did
low-formal learners. High-formal learners are abl@nderstand both concrete and
formal concepts. They have developed sound unahelisignof abstract concepts. Such
learners are capable of looking for relations, gatirey and testing alternative
solutions to problems, and drawing conclusionsgphang rules and principles.

Low-formal learners on the other hand are conaeseoners who are unable to
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develop sound understanding of abstract conceptsy @re able to understand only
concrete concepts. Low-formal learners have ndy tidveloped formal thought yet.
Lawson and Renner (1975) reported that interpregimdysolving genetics problems
requires formal-level operations such as probaiajisombinational, and proportional
reasoning that is in line with Piaget’s developraéttteory. It is assumed in this
research that all medical students are formal #mkand thus can handle teaching of
more than one concept at a time. This is very ingmbito medical educators as most
of the teaching that we do depends on formal learwlo can move among concepts
smoothly.
Simulation for Assessment of Learning in Medicine

Simulation in medical education is a growing entisgthat facilitates learning
for individuals and multidisciplinary teams in hd@spand school environments.
Simulators range from task trainers, to mediumliigléfe size and human appearing
mannequins, to high fidelity mannequins that propyysiological signals and
respond to pharmacological interventions in a séialiooking healthcare setting.
Training has a wide range of applications, fromdasadvanced technical skills
acquisition, to interpersonal factors such as comaation and teamwork, to
assessing the learners in a safe environment.tinsng can be provided through the
use of high-fidelity simulation as well as otherthwls such as standardized patient
scenarios and task trainers. Dr. David Gaba (2@6ffhed simulation as “a technique-
not a technology-to replace or amplify real experes with guided experiences that
evoke or replicate substantial aspects of thewedd in a fully interactive manner.”

(p. 126).
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Learning from error is a new concept that has lzggaied in medical teaching
in the last few decades. This method of teaching med applicable years ago as
medical errors may lead to fatal consequencestterpia. However, with the invention
of human simulators learning by error is easily aafily applicable. This gives
medical teachers better chance at focusing onestgitig, open-ended investigations
without the fear of harming a patient. The negaén®tions generated from bad
outcomes as a result of mistakes made during stianlean lead to better decision
making in real clinical situations (Okuda et aD02). As complex skills are
constructed from fundamental component skills,piwdicient performance of
complex skills is achieved by refining and integrgtthe component skills during
repeated performance in a realistic context thatc®mpanied by feedback on
performance. This is precisely what simulationhéag can provide.

Despite advances in simulator development, evem-taglity simulators are
imperfect. Although simulation has come a long waseplicating human likeness,
there remains a degree of low face-validity, ofisea Some trainees, for example,
know that the simulator is not a “real patient,dao may behave differently than they
might in “real” situations. Future developmentsimulator technology will likely
help to improve the fidelity of training scenariagich will in turn, improve the
assessment of trainee performance.

History of mannequin simulation. Simulators in healthcare date back to the
1960’s with the development of Resusci-Anne forghgiose of teaching and
demonstrating mouth to mouth resuscitation (Co&p€&aqueti, 2008; Cumin &

Merry, 2007; Grenvik & Schaefer, 2004).
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Early mannequin simulators. The earliest medical simulatorfesusci-Anne
The first version of Resusci-Anne simulated aineégtruction and allowed the user
to adjust the airway by hyperextending the neckfandard thrusting the chin to aid
mouth to mouth resuscitation. Not long after gselopment, and following the
realism of the benefits of external chest compagsduring cardiac arrest, Resusci-
Anne was updated to include a spring in the cleeatiow the simulation of chest
compressions.

Another historical mannequin simulator that alss & origins in the 1960s is
Harvey, a mannequin designed to model 27 different cardomditions (Gordon,
1974). Harvey could demonstrate blood pressugeil@ venous pulses, arterial
pulses, precordial impulses and auscultatory e&usper & Taqueti, 2008).
Throughout the decades Harvey has been the cdntaarny studies that explored the
efficacy of simulation in medical education. A sgugy The National Heart, Lung, and
Blood Institute showed that fourth year medicatistuts trained with Harvey
performed better than their colleagues trained Withpatients only (Ewy, Felner, &
Juul, 1987). For these high performing studendsning with Harvey had improved
their confidence and cardiology assessment skillstvey has also been utilized as a
tool to test the cardiology exam and diagnostiisski medical professionals.

Simulators in anesthesiaSimulators have long been used for purposes of
developing anesthesia related skills. For exangile,Oneis a computer controlled
high-fidelity simulator developed for training atebting experiments. Additionally,
Dr. David Gaba (1988) developed the simulator knes@8ASE- Comprehensive

Anesthesia Simulator Environment to investigate &aoiperformance in anesthesia.
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CASE relied on the ability of a computer to run glated blood pressure values and
later displayed physiological cardiac signals neaistic operating room environment.
With the ability to simulate a number of criticalemts, a new curriculum entitled
Anesthesia Crisis Resource Management (ACRM) was (dolzman et al., 1995).

At the same time of CASE’s developmeBAS.- Gainesville Anesthesia
Simulator was developed and originally used to sateuand diagnose faults within an
anesthesia machine (Cooper & Taqueti, 2008). Coimdpithe apparatus with a
simulated lung model, GAS is a complete mannegumulator that enabled users to
diagnose critical anesthesia events. GAS latearbe licensed product of Medical
Education Technologies Inc. which now mak#3S (Human Patient Simulator) and
PediaSIM The creation of such high fidelity patient sietoks provided an avenue
for medical personnel to learn psychomotor and itivgnskill in a realistic patient
setting.

Current uses of simulation.Medical simulation, in general, has been used to
(a) practice complex medical procedures and cligeants, (b) promote rehearsal of
clinical and nonclinical skills such as communieati(c) introduce new
equipment/technology, (d) train teams and indivisiu@) experiment with novel
interventions, and (f) assess performance (Br&flg6). In anesthesia, simulation can
be used to provide training in crisis managemesy technologies or equipment,
cognitive skills such as decision-making, techngtalls such as airway management,
behavioral skills such as communication, teamwarkl leadership. Additionally,
simulation can be used for competency assessnmampdysicians credentialing and

board examinations.
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Advantages of medical simulationThere are a number of reasons for using
simulation in health care environments. Primauilse of simulation provides zero risk
to patients as errors may be obtained and corredgtbdut consequences. Simulation
also allows for the presentation of a wide varmtgcenarios, including less frequent
but still critical events. Additionally, simulatigerovides flexible, job-specific training
and learning that can be tailored to a particigaskill level and/or learning style.
Unlike patients, simulators do not become embagdss stressed, are available at
any time to fit curriculum needs, and have prediietdoehavior. Thus, training does
not have to be delayed due to “real patient” vdeisbin addition, simulators: can be
programmed to simulate selected conditions, finglisguations and complications;
allow standardized experience for all trainees;lmansed repeatedly with fidelity and
reproducibility (Issenberg et al., 1999).

Simulation in medical education.In a systematic review of 670 peer-
reviewed journal articles related to high fidelmyedical simulation in a range of
disciplines, including anesthes@ear evidence was found that repetitive practice
involving medical simulation is associated with noyed learner outcomes
(McGaghie, Issenberg, Petrusa, & Scalese, 2008fhémmore, it was identified that a
dose-response relationship, such that more pragieleed better results for all levels
of learners, including students, residents, arehdthg physicians.

Undergraduate medical education. Teaching through the use of simulation
could be superior to typical problem based learfamgindergraduate learning. In
science, mannequins are used to teach physioldgle tvuman actors are very

effective in teaching multiple different disciplmécluding neuroscience. Simulation
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can also help to ease the transition from study cfihical clerkships; for example, the
cardiology patient simulator replicates 30 différeardiac conditions. Additionally,
virtual reality simulation can be used to aid stiden learning through simulated
surgeries (Okuda et al., 2009). Morgan and CleawgegH2000) demonstrated that
simulation is a reliable assessment method for ca¢dtudents’ performance.

Graduate medical education. Simulation can be used to teach adverse
reactions to anesthesiology in a way that legalsaiety concern prevent in real-life
situations. For training in obstetrics, motorizedstles allow a mannequin to “give
birth” to a mannequin “baby”. Valuable emergencydmme skills are being
transmitted through the use of simulation, as agltrew resource management skills.
Critical care training, such as central line plaesamcan be taught through the use of
simulated practice (Okuda et al., 2009).

Board certification and credentialing, and medical-legal applications.
Computer-based simulation of patients is usedversé countries’ examination
processes. The US and Canada use simulation tadatitonal levels of evaluation.
The American Board of Anesthesiology is preparmgde simulation in the
evaluation for board certifications. Simulation laso been effective as a tool in cases
of malpractice. Some insurance companies have diéenmng incentives to
anesthesiologists who participate in simulationscfesis resource management.
Simulation may also have implications if used asl@vwce in the courtroom for
malpractice cases.

Competency assessment. Simulations can be used to assess the competency of

a physician and are capable of distinguishing betwsenovice resident and a more
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experienced one. The use of an anesthesia simolfos a number of advantages
over traditional assessment methods. First osatulation allows for

multidisciplinary learning: nurses, pharmacistsdioal students, residents, fellows,
and physicians. Secondly, scenarios can be stamddrso that multiple teams of
learners can be trained in the same way, whichps@ally helpful for assessment and
credentialing. By standardizing the scenarios, tgithhe observers view the same
events, and scripting the responses to the probldiffisrences attributed to the
“patient,” the candidates, or the conduct of thamexation are eliminated (Devitt,
Kurrek, & Cohen, 1997).

Malignant hyperthermia scenarios have been usedédrgly to assess
anesthesiologists (Boulet, Murray, Kras, & Woodleu)08; Henrichs et al., 2009;
Murray et al., 2007). Standards for managementaligmant hyperthermia
mannequin-based scenario are established usinggajgrexpert judgments of
physicians’ audio-video performances (Boulet et2008). A scenario of malignant
hyperthermia, among other conditions, provideseaigassessment opportunity in
anesthesiology as the management of malignant thgreria is emergent with a set

of agreed upon steps to recognize and treat.
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Chapter IlI
Research Methodology

This study is designed to compare factual knowleétgntion and clinical
skills outcomes of medical students following thetperience in one of two different
teaching designs: inquiry via the learning cycld arposition via power point
presentation. Clinical knowledge and skills acquiirem either teaching practice was
measured by how learners recognized and managadignant hyperthermia crisis in
a medical fidelity simulation one month followinget experimental teaching
procedures. Factual knowledge acquired and retairasdcompared using a multiple-
choice test immediately following the teaching maare and one month later.
Additionally, correlation between factual knowledgerformance on multiple-choice
test) and clinical skills (simulation) was studi@dquantitative analysis was used to
compare the difference between the two groups.
Description of Participants

Following The University of Oklahoma Health Sciesc@enter Institutional
Review Board approval, third and fourth year meldstadents (MSIIl and MSIV,
respectively) enrolled in the College of Medicirietee University of Oklahoma were
asked to participate in this study. The current aigraphics of medical students in the
College of Medicine is 48% females and 77% whité® only exclusion criteria that
was used is refusal to participate in the study.

Recruitment. In July of 2011, an email was sent out to all M&IMSIV
(250 students) at College of Medicine at the Ursitgrof Oklahoma inviting them to

participate in the study. The process was repeatades after that on a weekly basis.
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Only 22 students agreed to participate and 5 ohttel not show up to the class
session for which they signed up. A recruitmentiémas then distributed to all MSII
(136 students) and only 7 agreed to participatdbowmng that, and to increase
students’ participation, students who were rotaimgnesthesiology or Surgery were
personally recruited by the investigator on a miyniblasis. A $25 gift card was
offered to each student at the completion of thdysto compensate for their time.
Additionally, students were informed that perforroammssessment generated from
participating in the study will not be used in afytheir medical school evaluation.
Randomization

Research Randomizer software (http://www.randonorg)) was used for

randomization. The software assigned each studkietr ¢he number 1 (inquiry) or
the number 2 (exposition).

Inquiry group (I). Students who were randomly assigned the numberé we
taught about malignant hyperthermia using a legroycle the investigator developed
and used previously (Appendix B).

Exposition group (E). Students who were randomly assigned the number 2
were taught about malignant hyperthermia usingde giresentation the investigator
developed and used previously (Appendix C).

Teaching Procedures

Students were taught by the same instructor fergifit groups. All teaching

for inquiry and exposition occurred in the lectuvem at the University of Oklahoma

Clinical Skills Education & Testing Center. Thetmgtor and the group met for one
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hour. All content taught were similar between the groups but the teaching
practices were different.

Inquiry teaching. During one hour, the instructor followed the lesptan on
malignant hyperthermia. See Appendix B.

Exposition teaching.During one hour, the instructor followed a slide
presentation format. Following the slide preseotgta 5 minutes period was allowed
for students to ask questions and participate Apgendix C.

To ensure parallel of teaching content betweenimggnd exposition before
enrolling medical students into the study, pre-expent teaching procedures were
conducted and videotaped one time (one inquiryaar@dexposition) with MSI who
were not recruited for the study. Two anesthesistagters watched the videotapes
and used a checklist of the items the studentsheithssessed with (simulation and
multiple-choice tests) as teaching rubric. Eacimiteas scored as covered or not
(Appendix D). Both raters reported that 8 out ofit22ns on the checklist were not
covered during both teaching procedures. The iteers written down and added to
the content of the teaching procedures as notes tmvered by the instructor.

Additionally, all teaching procedures were captune vediotapes and the
anesthesiologist raters randomly selected one tapedrom each actual teaching
group and used the same above prescribed chetckésisure similarity of teaching
content between inquiry and exposition teaching.

Assessment Procedures
Human Fidelity Simulation has been used extensiteehssess management of

a malignant hyperthermia crisis (Boulet et al.,208enrichs, et al., 2009; Murray et
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al., 2007). However, results from a study by Mordgaleave-Hogg, Guest, and Herold
(2001) indicated that a complex multitask simulaognario could be somewhat
challenging at the undergraduate level. Thus, perdoce template of the current
study involves a single patient management prolaely, giving the students
opportunity to focus their problem solving abilgiéAs per our interest is the long term
effects of the teaching procedures, the assesgmacess took place approximately
one month following the experimental teaching pcaoes.

Orientation to simulation. The students as a group were introduced to the
simulator mannequin and the monitors in the sinmutatoom. The mannequin was in
a state of awake and spontaneously breathing.gélvis the students the chance to
observe the monitors with normal vital signs (blgodssure, oxygen saturation, and
electrocardiogram). The investigator allowed thmlehts during that time to ask
guestions regarding simulation, but not regardiraignant hyperthermia. Then the
student group witnessed the investigator demormstnainagement of a scenario of
bronchospasm. This gave the students a chance tbesenannequin reacting to a
crisis where oxygen saturation decreased slowlyiatna-thoracic pressures increased
accompanied by wheezing in the chest. These synspitoproved and returned to
normal when the investigator administered epineghimtravenously. The students
were also oriented to the anesthesia machine a&neethtilator. They were shown how
to read the vital signs on the monitors, and whevé where the emergency drugs
and ambu-bag are.

Then the students were asked to return to the od@ss. They were given the

following instructions: (a) please remember to camiate with the personnel in the
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control room if anything does not make sense tq god (b) please think out loud
during the assessment so we can guide you if ne€iegstudent will be randomly
picked to be assessed next and so forth.

Anaphylaxis scenario.Each student was assessed separately by being) aske
to go to the simulation mannequin room. The anaptiylscenario served to
familiarize the student with the environment, areswlone without the student
knowledge beforehand. This scenario was not vigeotar rated. A printed handout
sheet of information containing the pertinent higt@hysical exam, and laboratory
findings was given to the student. Following chagkihe student’s preparedness and
all equipment, the mannequin simulated a patiedeugeneral anesthesia for a leg
surgery. The monitors showed normal vital sign$naipatient under general
anesthesia. The student was then asked by theosuagéor in the simulation room to
administer 2 ml of a muscle relaxant intravenoushirty seconds following the
administration of muscle relaxant, the mannequinifeated with anaphylaxis
symptoms. These symptoms included: increase hegtartdecreased blood pressure,
increased intra-thoracic pressure and chest whge¥ims scenario was terminated
three minutes later regardless of the student’sag@ment.

Next, the student was asked to wait in the hallwhife the investigator and
one assistant set up the simulator for the acesdssment. This set-up included 3
main steps: (a) a scenario of malignant hypertremas reloaded on the computer
that controls the mannequin, (b) two ceiling vidamneras that record the action of the
student were positioned to capture the studenhduhie assessment, and (c) the audio

that connects the control room with the mannegoamr was checked for
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functionality. The controlling computer is locatedthe control room that connects to
the mannequin room through a one-way mirror.

Malignant hyperthermia scenario. The student was asked to enter the
simulation room to care for a different patientpinted handout sheet of information
containing the pertinent history, physical exand Eboratory findings was given to
the student. Following checking the student’s aquaigments’ preparedness, the
mannequin simulated a patient under general arsatfoe an elbow surgery. A
minute later, the student was asked by the actinge®n to administer a muscle
relaxant (succinylcholine). A minute later, the maguin presented with
manifestation of malignant hyperthermia episodes Ticluded: increased end-tidal
carbon dioxide, increased blood pressure, increlaser rate with arrhythmias, and
slow increased in temperature. The student’s managewas captured using the
video cameras. The experiment ended in five minameksthe student was asked to
leave the simulation center. Students who have beposed to teaching or
assessment were asked to not share their expemegticany other students
participating in the study.

Standardized performance evaluationEach student was asked to sign a
consent form to be videotaped and the tape to dlyzed. Two microphones were
suspended from the ceiling to capture audio dutiegscenario. Each malignant
hyperthermia performance was videotaped and redayde three-box screen that
included two separate video views of the studedttha mannequin. The third box of
the three-box video recording displayed the sinm@ltaus full display of patient vital

signs (electrocardiogram, pulse oximetry, tempeeatand blood pressure). Below the
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3 boxes, identifying information such as the daié student ID are displayed. This
part of the screen was also used to add informadi@tarify participant actions during
the scenario (Figure I).

Figure I. A sample shot of the video recording screen.

Gervr . Amsthen

Similar to other studies on simulation (Morganlet2001), the general

approach to scoring the scenario included two aicatyethods (checklist and

essential action) and a single global rating sdabe the analytic scoring, two trained
anesthesiologists scored each student’s performseparately using a detailed
checklist of diagnostic and therapeutic actions amadbbreviated checklist system
that consists of three essential actions for te@ado. In a previous study, a list of
technical actions and point values for a maligrymierthermia scenario were created
and used (Gaba et al., 1998). The checklist scaystem included two essential
actions and 33 possible actions totaling 95 poantd, each action was weighted based

on its importance with respect to overall patieariec The checklist action used in this
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study is a modification of the checklist actiondigy Gaba et al. In our checklist, we
have deleted some of the actions used be Gabaast &k concluded that these
actions are above and beyond the expectationsngftical student. Our checklist
scoring system included three essential actionslanubssible actions totaling 50
points (Table I). A subject who misses one esskatizon or more by the two raters
was considered “fail”, while a subject who perfodradl three essential actions was
considered a “pass” and received an extra poithenotal clinical skills score. All
videos of “fail” students were reviewed by a thamgesthesiologist rater to confirm the
deficiency. The rater anesthesiologists also pexvia single global rating of the
performance on a scale of 0-10, where zero is lvadyand 10 is excellent. The

anesthesiologists were blinded to students’ assegiigroups (inquiry or exposition).
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Table I. Checklist Scoring System for malignant hyperthersaenario.

Action

Point Value

Initiation of MH protocol
-Diagnoses MH or notify surgeon
-Requests MH box
-Calls for help

-Terminates triggering agent within 1 minute

EA

EA

Dantrolene administration
-Administers dantrolene within 10 minutes

-Administers dantrolene 2.5 mg/kg

EA

10

Ventilation and oxygenation
-Uses 100% oxygen
-Hyperventilates by ventilator

-Clears triggering agent with high flow

-Disconnects from ventilator and uses Ambu-bag

Requests blood gas or potassium levels

Cooling action of any kind

5

The checklist includes 3 essential actions (BAJ 12 possible actions totaling 50 points.

Multiple-choice test.Students in each group were asked to take a 15

Statistical Methods

minutes/15 item multiple-choice test prior to (pest) and immediately following the
teaching procedures (post-test). The same testepasted prior to the simulation

assessment one month later (post/post-test). Spendlx E.

Data were analyzed using SPSS® Software Versidh 23-value lower than
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0.05 was used as an indication of significant défifee between the two groups.

Demographic data including age, days between leetnd simulation, post-high



school education, number of months in medical slggmder, and medical school
class were collected and compared using an indepésdmplé test. Medical
knowledge as assessed by the multiple choiced¢estsfor pre, post, and post-post
teaching method were compared using an indepesdentlet test to test the null
hypothesis that there is no differences in scoe¢wéen the two groups. A paired-
sampled test was used to evaluate the effects of the tegqchethods on the students’
test scores (difference between pre and post)reidknowledge retention a month
later (difference between post and post-post).

Due to difference in the scale of the simulaticstgethe following algorithm
was used to calculate the final clinical skill segyrthe quartiles for the average scores
of the two raters for checklist, global rating, ag$ential action were calculated for
all students. Students who performed in the fitgtrgle on each category were
assigned 1 point; students who performed in therssequartile were assigned 2
points; students who performed in the third quastiere assigned 3 points; and
students who performed in the forth quartile wesgigned 4 points. Additionally,
students who performed all 3 essential actions wensidered a “pass” and were
assigned an extra point. The points from the 3 Etimn categories and the “pass”
point were added together for each student and em@rsidered a clinical skills score
that ranges from 0 to 13. Independent-samiplest was used to test the null
hypothesis that there is no difference in clinsllls between the two groups.

Pearson correlation coefficient was used to tesetadions between clinical
skills, knowledge retention (scores difference lesmwpost and post-post), medical

knowledge (post-post score), days following lectperiod of enrollment in medical
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school (months), post-high school education (ye&rg)wledge improvement (scores
difference between pre and post-post), and age.
Risks and Benefits to Participants

Minimal risks to subjects included: (a) total tisy@gent in participating in the
study, which was 3-4 hours (Table 1), (b) expecieg simulation and testing that
could cause anxiety to some students, (c) potestiglety for students who are
planning to apply into Anesthesiology and are dfthat the experience will influence
any of the program’s future opinion about them.tmother hand, there were many
benefits to the students participating: (a) indregasghe amount of knowledge from
teaching, (b) experiencing simulation session aadning from it, (c) and monitorial
benefit.

Table II. Timeline for conduction of investigation.

Time (minutes) Process
15 Multiple-choice pre-test
60 Learning procedure
15 Multiple-choice post-test
10 Introduction to simulator
15 Multiple-choice post/post-test
5 Bronchospasm scenario
5 Set up for a student
5 Anaphylaxis scenario
5 Set up for real assessment
5 Malignant hyperthermia scenario
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Chapter IV
Results & Interpretation
Recruitment
By the end of the academic year (July of 2012)st6dents agreed verbally or
by email to participate in the study and were ranided. Forty eight attended the
teaching session and signed the consent form. Ere®8 students, 28 were
randomized into the inquiry group (I) and 20 irfte £xposition group (E). Seven of
the students who attended a teaching sessionn@ 1 &) did not show up to the
simulation session a month later and multiple aptisno coordinate with them for a
makeup sessions failed (Figure II).

Figure Il. Recruitment and flow of participants.

386 Subjects
Approached

|
60 Agreed &

Randomized
12
No Show
48 Consented
28 Inquury 20 Exposition
22 Completed 19 Completed
6 No Show 1 No Show

Groups were not significantly different in ad@ € 26, SD = 3.0 years in |, and

M = 27.4, SD = 4.5 years in E), post-high school atdon M = 6.6, SD = 1.4 years
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inl, andM = 7.2, SD = 2.2 years in E), time enrolled in matschool ¥ = 31.4, SD
= 9.1 months in |, an = 31.5, SD = 7.7 months in E), gender (15 fematk Eh
male in |, 13 female and 7 male in E), and clagsl@l, 16 MSIIl, 7 MSIV for I, 2

MSII, 12 MSIII, 6 MSIV for E). Demographics of parpants are reported in table 1l1.

Table Ill. Demographics of participants.

Inquiry Exposition p

Age in years(Mean = SD) 26.0+ 3.0 27.4+45 0.23
Days between lecture and simulatiofMean + SD) 31.0+4.4 37.4+2.6| 0.007
Years post-high school educatiofMean + SD) 6.6+1.4 7.2+22| 0.26
Months enrolled in medical schoo{Mean + SD) 31.4+91 | 315+7.7 0.98
Gender (female/male) 15/13 13/7 0.63
Class S 5 2

MSIII 16 12 0.28

MSIV 7 6

* p<.05.

Teaching Procedures

Five inquiry teaching sessions were conducted 8ostddents (4, 6, 4, 5, and 8
students in each session respectively), and 3 @poteaching sessions were
conducted for 20 students (9, 8, and 3 studergach session respectively). The
anesthesiologist raters randomly selected one tageof one inquiry and one
exposition teaching procedures. They separatelyadethe tapes and used the
checklist to ensure similarity of teaching conteetween inquiry and exposition
teaching. Both agreed that the 22 items in theicwiere covered in all teaching

sessions.
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Simulation Sessions

Thirty students were able to attend 4 weekendsukition sessions, and 11
students had to have makeup sessions that totalgf&nt sessions due to
scheduling issues. Seven students never showedanytsimulation session despite
all attempts to coordinate with them. Althoughaatempts were made to have the
simulation session in exactly 30 days, studentsedale and holidays interfered.
Students in E group had a significantly longer timéween teaching session and
simulation M =31, SD=4.4 days in |, aiM = 37.4, SD = 2.6 days in p,= 0.00).
Medical Knowledge (multiple-choice test)

Mean scores for pre-test, post-test, and postiesstvere higher in the E
group (Figure Ill). Clinical skills scores and pgsist scores were not available for
those 7 students who did not show up to the sinamatsession.

Figure Ill. Comparison of mean scores in multiple-choice tesk®th
groups.

Average Group Scores
M Inguiry MExposition

*
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Pre-Score Post-Score Post-Post-Score

* p<.05.
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An independent samptetest was conducted on the test scores of the two
groups to evaluate whether their means were sagmifiy different from each other
and alpha was set at .05. Mean scores of pre-ta&t mot statistically significantly
different between the 2 grougd € 8.68, SD = 1.96 in |, anld = 9.75, SD = 2.49 in
E). Mean scores of post-post test were also nosttally significantly different
between the 2 groupM(= 12.09, SD=1.92in |, and = 12.56, SD = 1.80 in E).
However, the post-scores were significantly higheg group withp value of .0121{1

=12.32,SD=1.74in |, ard = 13.50, SD = 1.19 in E) (Table IV).

Table IV. Comparison of mean scores in multiple-choice tesboth groups.

95% Confidence Intervell
of the Difference
P Mean Difference Lower Upper
|Pre-Score (equal variance) .102 -1.07 -2.37 .22
|Post-Score (equal variance) .012 -1.18 -2.09 -.27
|Post-Post-Score (equal varianq .410 -.49 -1.67 .70

A paired-samplestest was conducted to evaluate the differenckareffects
of the teaching practices on the students’ knowdddgprovement (pre to post) and
their knowledge retention a month later (post tetgamst) (Figure IV). Students’ score
in both groups improved significantly from pre tospM = 3.64, SD = 2.26 in |, and
M = 3.75, SD = 2.29 in E) and from pre to post-pd&t(3.28, SD =2.47in M =
2.74, SD = 2.58 in E). However, their scores desgddrom post to post-pod¥l(= -

0.18, SD =2.04 in IM = -1.00, SD = 1.20 in E). Although the decreasscores was

53



not significant in group I; it was significant iha group E withp value of 0.02 (Table

V). This indicates that students who were exposadduiry teaching had a

statistically significantly better knowledge retemnta month later compared to

students who were exposed to exposition teaching.

Figure IV. Mean paired scores for all three multiple choesd.
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Table V. Comparison of mean paired scores for all threeipieitthoice tests.

Paired Test

95% Confidencs

Randomization Interval
Mean| Lower | Upper| p

I Pair 1 Post Score — Pre Score (Knowledge Improvemer] 3.64 | 2.76 4,52 |[.000
Pair 2 Post Post Score — Post Score (Knowledge Reten] -.18 | -1.09 .72 1.680
Pair 3 Post Post Score — Pre Score 3.28] 2.13 4.32 ].000

E Pair 1 Post Score — Pre Score (Knowledge Improvemer] 3.75| 2.68 4.82 | .000
Pair 2 Post Post Score — Post Score (Knowledge Reten| -1.00| -1.58 -42 |.002
Pair 3 Post Post Score — Pre Score 2.74| 1.50 3.97 |.000
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Clinical Skills (simulation)

Although the exposition group had higher scoresionulation measurements,
the difference was not statistically significanaible VI). Clinical skills scores were
(M=7.45,SD =3.63in |, amd = 9.05, SD = 3.34 in E). Average raters scores for
checklist was =20.91, SD =12.4in |, and = 25.79, SD = 13.62 in E), for global
scores wasM = 6.14, SD =2.18in |, and = 6.89, SD = 3.32 in E), and for essential

action wasM =2.48, SD =0.52 in |, and = 2.74, SD = 0.42 in E). See results in

table VII.

Table VI. Difference of clinical skills between the 2 groups.

95% Confidence Interval of the

Mean Difference
p Difference Lower Upper
Clinical Skills (Equal variances) 153 -1.60 -3.81678 .62061
Checklist Score (Equal variancey .238 -4.88 -13.1181 3.3573
Global Score (Equal variances) .288 -.76 -2.1835 .6668
EA Score (Equal variances) .091 -.26 -.52258 .04344

Table VII. Comparison of clinical skills between the 2 groups.

Randomization N Mean Std. Deviation

Clinical Skills I 22 7.4545 3.63485

E 19 9.0526 3.34122
Checklist Ave I 22 20.909 12.4534

E 19 25.789 13.6181
Global Ave I 22 6.136 2.1832

E 19 6.895 2.3249
EA Ave I 22 2.4773 52275

E 19 2.7368 .42060

Figure V shows scores of clinical skills and prestp post-post test in each student

separated by group.
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Figure V. Scores of clinical skills, pre-test, post-test] @ost-post-test in each
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Correlations

Clinical skills and medical knowledge All 41 students scores had a Pearson
correlation of 0.168q = 0.29), which is positive, but a weak effect. Wltilee same
correlation was calculated for the separate gratipss weaker in | (0.048 & =
0.83) compared to E (0.271 &= 0.26). None of the above had any statistical
significance. A linear regression analysis was catell to evaluate the prediction of
medical knowledge on clinical skills in all 41 sands. The scatterplot for the two
variables, as shown in figure VI, indicates that ithcrease in medical knowledge
improves clinical performance. This is more preatbe in group E than | (Figure

VID).

Figure VI. Scatterplot depicting the relationship betweenicedknowledge and

clinical skills.
R? Linear = 0.028
(0] (0] (0]
12.50
(@] (o] (@] (@] (@]
(@] (@] (o] (@] (@]
10.00
)
=
ml
8
§ 7.50
(8]
5.00 (o] (o]
(@] (@] (o]
(@] (@] (@] (@]
2.50
T T T T T T
6 8 10 12 14 16

Medical_Knowledge

57



Figure VII. Scatterplot depicting the relationship betweenicsdknowledge and
clinical skills in Inquiry and Exposition groups.
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A multiple regression analysis was conducted tduawta how well medical
knowledge predicted clinical performance. The prtals were age, months in
medical school, and medical knowledge. Table Vidsents indices to indicate the
relative strength of the individual predictors.gimoup E, medical knowledge, when
controlling for age and months in medical schoal] b positive, strong correlation
with clinical performance that is statistically sificant (p = 0.035); this was not true
for group | as the correlation between medical Kiedge and clinical performance
stayed the same when controlling for age and medioaths. On the other hand,
medical months correlated negatively with clinipatformance in both groups when
controlling for other factors. This negative coatedn was statistically significant in
group E when controlling for age and medical knalgke 0 = 0.047).

Table VIII. The bivariate and partial correlation of the pegatis with clinical skills.

Predictors Correlation between each  Correlation between each predictor
predictor and clinical and clinical performance controlling
performance for all other predictors
I Age -0.18 -0.14
Medical Months -0.21 -0.21
Medical Knowledge 0.05 0.05
E Age 0.16 0.37
Medical Months -0.24 -0.50*
Medical Knowledge 0.27 0.51*
* p<.05.

Medical knowledge and period of enrollment in medial school All 41
students scores had a Pearson correlation of Q@3480.026), which is positive and

statistically significant, but a weak effect. Whbe same correlation was calculated
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for the separate groups, it was weaker in | (0&749= 0.21) compared to E (0.427 &

p = 0.068). This suggests that medical knowledgeavgs with time spent in medical

school, which is not surprising.

Clinical skills and period of enrollment in medicalschool All 41 students

scores had a Pearson correlation of -0.193 §.226), which is negative and

statistically insignificant, but a weak effect (Erg VIII). When the same correlation

was calculated for the separate groups, it wasadhee for both (-0.211 in | with of

0.347 compared to -0.241 in E wiplof 0.320). This is surprising as we expect

clinical performance to improve with increased nisnih medical school.

Figure VIII. Scatterplot depicting the relationship betweenigsanonths and

Clinical_Skills

clinical skills in all students.
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Medical knowledge and knowledge retentionAll 41 students scores had a
Pearson correlation of 0.542 £ 0.000), which is positive, statistically sigedint,
and a strong effect. When the same correlationcalzsilated for the separate groups,
it was weaker in 1 (0.547 & = 0.008) compared to E (0.768p= 0.000). This
suggests that knowledge retention improves withemsing medical knowledge.

Knowledge improvement and knowledge retentionAll 41 students scores
had a Pearson correlation of -0.34%(0.029), which is negative, statistically
significant, and a weak effect. When the same tairom was calculated for the
separate groups, it was stronger in | (-0.488 €0.023) compared to E (-0.079®=
0.749). This suggests that knowledge retentionedesas if knowledge improvement
was high, especially in group |.

Knowledge retention and days following lectureAll 41 students scores had
a Pearson correlation of -0.048< 0.934), which is negative, statistically
insignificant, and a very weak effect. When the saworrelation was calculated for the
separate groups, it was positive in | (0.29p & 0.179) compared to E (-0.036p8=
0.884). This suggests that knowledge retentionedesas as time passes by, although
the decrease is more significant in the group E.

Knowledge retention and post high school educatiorll 41 students scores
had a Pearson correlation of -0.2p3=(0.162), which is negative, statistically
insignificant, and a weak effect. When the sameetation was calculated for the
separate groups, it was the same in | compared0.206 in | withp of 0.359
compared to -0.212 in E withof 0.384). These results mirror the correlation of

knowledge retention and agevhich is statistically significant (-0.324 in dlL
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students wittp of 0.039, -0.347 in | witlp of 0.113 compared to -0.263 in E wlof
0.276). This suggests that knowledge retentionedsas in older students or with
more years of schooling. On the other hdmiwledge improvement and post high
school educationin all 41 students scores had a Pearson cornelati6.237 p =

0.105), which is positive, statistically insign#ict, and a weak effect. When the same
correlation was calculated for the separate gratipss weaker in | (-0.010 & =
0.958) compared to E (0.435@&= 0.055). This suggests that increase in knowledge

(amount of learning) may be more significant indetots who had more schooling.
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Chapter V
Discussion

As stated previously, the purpose of this study twasompare knowledge
retention and clinical skills outcomes of medidaldents following their experience in
one of two different teaching procedures: inquiiy the learning cycle and exposition
via power point presentation. Additionally, corteda between factual knowledge
(performance on multiple-choice test) and clingllls (simulation) was studied.
Knowledge Retention

Both teaching procedures improved students’ knogdedut students who
were exposed to inquiry teaching had better knogéagtention a month later
compared to students in exposition group who hstatstically significantly decrease
of more than one point in their scores (Figure Wpage 54). Unfortunately, and due
to scheduling and recruiting reasons, the avelageletween the two tests was 6
days longer for students in the exposition growmgl, that could have negatively
affected their knowledge retention compared tartkyeiry group. However, there
were no correlation between knowledge retentionramdber of days between the
tests in all students. This makes us believe tiwatiry teaching may have a true better
knowledge retention effects compared to exposigaching. Interestingly, the more
senior the students were in medical school, theerknowledge retention they had.
We can hypothesize, and based on zone of proxienadldpment theory of Vygotsky,
that senior students can retain useful medical kedge longer as they are more likely
to have had previous knowledge or experienceshiegtcan connect with, compared

to junior students.
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Two of the most important educational goals arprtonoteretentionand to
promotetransferwhich, when it occurs, indicates meaningful leagaRetentions
the ability to remember material at some later timeuch the same way it was
presented during instructiomransferis the ability to use what was learned to solve
new problems, answer new questions, or facilitsdéening new subject matter (Mayer
& Wittrock, 1996). When the objective of instruatics to promote retention of the
presented material in much the same form in whigbas taught, the relevant process
category iRememberTraining in medicine requires the memorizatiortremendous
amount of facts, theories, and skills. Remembaeringlves retrieving relevant
knowledge from long-term memory. It is only whee themory is engaged in the
learning process that the brain is really challelnged this could explain the
superiority of inquiry teaching over expositiondbang. Remembering knowledge is
essential for meaningful learning and problem sgwhen that knowledge is used in
more complex tasks, and any teaching procedurertipabves remembering and
knowledge retention should theoretically improvelppem solving.
Clinical Skills

Students who were exposed to exposition desigrshglatly higher scores on
all simulation measures of clinical skills, butghwvas not statistically significant. One
possible explanation for these results is simpdy the variation attributable to factors
controlled in the study-subjects and content-waalisheading to a high proportion of
variance due to random variations. This circumstasmuld arise if the students in the
study were relatively homogeneous in ability, sat there was no observable

variation between subjects, or if the simulatiosecavas chosen in such a way that the
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range of observed performance was very similar.skhation of a single patient
problem would derive not from a general problemasg process utilizing a logically
consistent knowledge base, but from a pattern-nreggbrocess against experiences in
memory. Other than controlling for months spenmiedical school, years of
education, and teaching procedures, it was vefigdif to control for the previous
experiences of all students especially in the thedr of medical school. Medical
students have different clinical rotations in diffiet order during the academic year
with random nature of adverse patient events agdnes of clinical exposure. Since
the development of student experiences is depemahethie type of diseases or
problems they were exposed to during any certdatiom, we can expect some
variations in certain skills needed to solve aichhsimulated problem such as the one
we used in this study. One way of controlling fleistvariation is to perform the
simulation test on all students on the last da§bfear to guarantee some
homogeneity among students; this, however, is ddfigult to achieve in reality.
Reliability and validity of assessing with simutatican be a delicate task.
Unlike many performance-based assessments inallimedicine, where fairly
generic skills are being measured (e.g., histdantg, the management of patients by
anesthesiologists can be very task-specific. Fdbpeance-based assessments such
as the one we used, there has been a heavy emphagsatent related issues. To
support the content validity of our assessmentsouulated scenarios were modeled
and scripted based on our actual practice charsintsr including the type of patients
that are normally seen in our setting. With respectibrics, special care was taken to

define the specific skill sets and measures tha¢ weveloped to reflect evidence-
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based perspective. Finally, the encounters werestaeddn realistic ways, using the
same equipments that are found in a real operatioim. Although raters in general
have been identified as a source of variabilitgjrtbverall impact on reliability, given
proper training and well-specified rubrics, tendl®€& minimal (Boulet & Murray,
2010). Additionally, several studies have examitiedlevel of agreement between
judges on an anesthetist's performance in the atonland have shown that it is
possible to generate reliable scores for a singttopmance with two to three judges
such as we did (Gaba et al., 1998). However, magagisimulated patient that
requires making diagnosis, reaching a treatmemt, glad communicating that to
others can be too much to ask from a medical studedical students who develop
interest towards critical care, surgery, or anestiegy may perform better in these
settings compared to students who are more inegt@stbeing a primary care
physician. This could have also added to the vditiamong the subjects especially
among 4' year medical students.
Correlation of Medical Knowledge and Clinical Skills

Clinical skills correlated indeed with medical knedge. When we controlled
for age and months in medical school, medical kedgé predicted clinical
performance more accurately in group E than grodiis could be due to the fact
that 9 students out of 22 who completed simulasiession in group | had a clinical
score equal to or fewer than 5 out of total scérE3o(Figure V on page 56). In
comparison, only 4 students out of 19 in E grouph &acore equal to or fewer than 5!

The ability to define and manage clinical problamgiewed as central to

clinical competence in medicine, and is a pervasieene in medical educational
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objective. This ability is usually viewed as a gahekill described by a variety of
terms (problem-solving, clinical judgment, diagnoskills, clinical reasoning, or
synthesis) which interacts with, but is distinarr knowledge. Norman, Tugwell,
Feightner, Muzzin, and Jacoby (1985) conductedidysbn thirty medical students
where they presented the students with a serissmflated patient problems in which
content was systematically varied. The students lzsl to complete a multiple choice
test with questions linked to each diagnosis prteskim the clinical problem. The
authors found that the performance on problem sgldid not correlate with
performance on the multiple-choice test. They pdoweat variability in problem
solving scores is related to factors other thartemdrknowledge. This makes us
believe that some other uncontrolled variationdabave been attributed to our
simulation results beside the teaching procedures.

A subject's score in a simulation examination hagraber of sources of
variance: the subject him- or herself; the paricalase; the judges; and the interaction
among all these components. Where the purposeasbessment is to rank the
subjects in order of ability, the subject shouldhelargest source of variance. The
number of simulated cases a subject should undebtefore it could be confidently
said that the final score truly reflected his or &leility is unknown; nor are the
optimum number and arrangement of cases and judgesduce a reliable
assessment in the simulator. Weller et al. (20@5rdhined that 10-15 cases, or 3—
4 hours, are required to rank trainees reliabtyeir ability to manage simulated
anesthetic emergencies. However, they discussninstudy limitation that it is

difficult to generate large numbers of simulatessments as, unlike established
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assessment methods, there is no existing pooltafatal obtaining data is time
consuming and expensive. Our students managedeBethf simulation scenarios
including the scored malignant hyperthermia. Thepse of the 2 scenarios that were
not scored or taped was to familiarize the studeits simulation and eliminate the
unfamiliarity pressure variance. Thus we ended iip @nly one scenario to reflect
clinical skills, which may not necessarily be a #feflection of the student’s ability.
Limitation

This study has limitations in terms of scope anchbers. Including larger
numbers of students and more simulation scenarsdrgenerate increasingly
reliable estimates of the generalisability coeéfitiof different test formats. Numbers
of students in this study were too small to allabgroup analysis of performance or
correlation with other markers of performance. Faaleity of the simulations was
supported by trainees' responses to the knowlegeliut other aspects of validity
require further study.

All students in our study were very accustomec#oring from power point
teaching or lecturing due to their previous experes in college and medical school,
but they may not be familiar with learning in theusture we presented in the learning
cycle procedure. One can argue that years of fantyliwith lecturing may have
favored students in the lecturing group (exposjtmrer students who were exposed
to a different teaching procedure (inquiry). Leagnis specific to culture and society
as the tools of learning differ and it could beusd that the current learning culture in
medical school does not favor learning from leagragicle procedures. By changing

their processing strategies and regulation strasegnedical students adapt into
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different learning patterns depending on the tyjpeuaricular they are presented with
(Van Der Veken, Valcke, Muijtiens, & Derese, 2008)will be interesting to study
the true effect of the learning cycle curricula wiagplied over a full semester or a
whole year.
Personal Reflection & Recommendation

This is the first reported attempt to apply theméag cycle in medical
education. Although the traditional teaching of kb&ning cycle emphasizes the
“hands-on” activity, we argue that the same teagipirocedure can be applied without
necessarily any hands-on activity when it comesédical students. Medical students
are highly intelligent and certainly formal thinkgearlier unreported work by the
authors). Thus, medical students are mentally depgdlassimilating, disequilibrating,
accommodating and organizing different concepthiorter period of time without
necessitating a “hands-on” activity. The importpatt of the learning cycle procedure
is to be organized in a way that helps the learreash the concept by assimilating,
disequilibrating, accommodating, and then orgaugizin

Although we did not measure the students’ reflecibout each teaching
procedure, we can confirm from personal discussibim the students and observing
them during the teaching procedures that studengtged the learning cycle
procedure remarkably. The discussion and interactizing the inquiry teaching was
very stimulating and enjoyable. However, we belithag students in exposition
teaching may have received more sum of informahdhe same hour compared to
students in inquiry teaching. Realistically, edocathave limited amount of time and

they can deliver more information (knowledge) iardgt of time lecturing than they
69



can do in any inquiry setting. However, our purpss® change medical education to
focus more on the end results of teaching, appliimgyvledge into clinical scenario
and problem solving, than focusing on knowledgéstealy. We are encouraged that
simulation is playing a greater role in evaluatingdical learners including physicians
in practice. However, we also need to switch oachéng procedures to match the
desired end results of knowledge application.

As this was the first time the learning cycle wpplaed in medical education
and for future studies on this subject we recomntbadollowing:

- Recruit at least one instructor for each teachnogedure. This should
decrease the instructional bias in teaching.

- Match the assessment tool to the content/concaght&nowing that a
content/concept is different than a skill. This nmay be easy in
medical education as it is very difficult to test bne concept only.

Conclusion

Medical education curricula have shifted towardlsti-centered
methodologies (inquiry) and away from only teactentered methodologies
(expository). Students experiencing inquiry counsss higher cognitive skills as they
gain greater conceptual understandings. Althoughescase discussion and group
learning occurs during clinical rotations (thirddaiourth year medical students), most
of classroom medical education is still carried thmbugh lectures and with minimal
active participation among students (expositiome Tearning cycle is an inquiry
teaching procedure that is designed to allow stisdearticipation in the kind of

thinking constructivists describe as essentiat#wriing and cognitive development
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(Henson, 2003; Vygotsky, 1978). The learning cybleits design, is consistent with
the nature of science and promotes critical thigkhmough inquiry, collaborative
grouping, and the construction of new conceptss shidy demonstrates that the
learning cycle can be successfully applied in meddducation. It also demonstrates
that applying the learning cycle can improve stustdmowledge retention a month
later without affecting their clinical skills assesl by simulation. This is encouraging,
as we believe that if a quarterly or yearly curtuecn were designed around the
learning cycle, students will adapt different leagnstrategies that will increase the

benefits of applying this learning procedure.
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Chapter |
Introduction

Two contrasting teaching procedures are frequamttgpared in science
education: inquiry and exposition (Berg, Bergendabhdberg, & Tibell, 2003;
Johnson & Lawson, 1998; Karakoc & Simsek, 2004;¥daEubank, & Gallaher,
1990; Marek & Laubach, 2007). Students experiengiggiry courses use higher
cognitive skills as they gain greater conceptuaeaustandings. Conceptual
understanding occurs as students are gatheringddtdiscussing facts, concepts,
laws, principles and theories. On the other hanalents experiencing exposition are
not involved in the processes of science, suctbasrging, model building,
measuring, and theorizing. These passive learmerngramarily receiving information
through lectures.

Medical education curricula have shifted towardlsti-centered
methodologies (inquiry) and away from only teactentered methodologies
(expository). Problem based learning, for examphkes developed in medical
education in the early 1970s (Johnson & Finuca@é0® Problem based learning has
widespread application in the first two years ofdial science curricula where it
replaces the traditional lecture based approadhofbh some case discussion and
group learning occurs during clinical rotationgrdhand fourth year medical
students), most of classroom medical educatiotili€arried out through lectures and
with minimal active participation among studentsp@sition).

The learning cycle is an inquiry teaching procedbee is designed to allow

students’ participation in the kind of thinking &bructivists describe as essential to
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learning and cognitive development (Henson, 2008j0¥sky, 1978). Rooted in
Piaget’s theory of intellectual development, therteng cycle phases were derived
from Piaget’'s mental functioning processesplorationcorrelates with assimilation,
explanationwith accommodation, anekpansiorwith organization) (Marek, 2009;
Marek & Cavallo, 1997). During exploratipthe teacher provides learners with
developmentally appropriate experiences relatedgaontent to be learned. This
phase allows learners to mentally process obsenstnd experiences as they collect
data (assimilation). After exploration, the teacheides students in the development
of the science concept in the learning cycle phkassvn as explanatiomhe teacher
promotes a discussion period in which learnersestiaair observations (data) with
their classmates. The teacher guides studentsktoheir experiences and data to
derive the relevant scientific concept and ternoggl(accommodation). After this
phase, learners engage in additional activitieshich they apply their newly
developed knowledge to novel situations in therlggy cycle phase known as
expansionThis third phase is designed to cause learnaisaédhe mental function
known as organization (Marek & Cavallo, 1997).

The learning cycle paradigm has been used in seielassrooms for over five
decades with its beginnings in elementary schaudsewentually applied at the
secondary schools and college levels. The leamyolg, by its design, is consistent
with the nature of science and promotes criticalkiimg through inquiry, collaborative
grouping, and the construction of new conceptsh@lgh problem based learning has
been applied in medical education, learning cyelese has never been reported in

medical education.
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Medical fidelity simulation has been increasingihyplemented in medical
education as an educational and competency assassrak(Henrichs et al., 2009;
Murray et al., 2007). Advantages of medical simalat include (Lake, 2005) (a)
active learning process, (b) nonthreatening enwiramt to patients, (c) ability to
repeat performance until mastery, (d) experienczigis situations seen infrequently,
and (e) as a competency assessment tool. Simutatioalso be used in assessing
competences acquired from different teaching proed For this research,
simulation will be used in assessing competenaigsieed from different teaching
procedures.

Purpose of the Study

This study is designed to compare factual knowleegention and clinical
skills outcomes of two different teaching designguiry via the learning cycle and
exposition via power point presentation. The leagraycle has not been implemented
in medical education before, but problem basedlagrhas been used and compared
to the traditional lecture-based practices. Theomiajcus in studies of the
effectiveness of problem-based learning has beatunlents’ knowledge base,
assessed by multiple-choice examinations, andheoapplication of this knowledge
(Blake, Hosokawa, & Riley, 2000; Ripkey, SwansonCése, 1998). Any teaching
procedure (inquiry or exposition) should affect ooty factual knowledge, but also
clinical knowledge; the way students apply the kisolge during medical tasks. Some
research showed that different teaching methodeso@nquiry or exposition) have the
same effects on factual knowledge, measured byiptaeithoice test (Albanese, 2000;

Lycke, Grottum, & Stronmso, 2006). This study iBatent from previous studies by
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the way knowledge acquired from either teaching@doire (inquiry or exposition) is
measured and assessed. Clinical knowledge and akitjuired from either teaching
practice will be measured by how learners recogammemanage a malignant
hyperthermia crisis in a medical fidelity simulatione month following the teaching
procedures. A simulated operating room with a mguaimg which serves as a patient
presenting with malignant hyperthermia crisis, Wwal used to test the learner’s
response to such a crisis. This safe and contreliwgdonment is currently the best
available setting for testing crisis managemerstoflents. Additionally, a multiple-
choice test will assess the retention of factuaMidedge one month later.
Research Questions

This research is guided by the following questions:

- How do senior medical students, who are taughhbydarning cycle
(inquiry students) compare to medical studentshtabyg power point
presentation (exposition students) when managergss of malignant
hyperthermia assessed by medical fidelity humanlsitar one month
following the teaching?

- How do inquiry students compare to exposition stislen retention of
factual knowledge one month following the teachasgessed by
multiple-choice questions test?

- Is there a relationship between students’ perfonaaluring simulation

and on a multiple-choice questions test one masitbviing teaching?
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Significance of the Study

To improve teaching practices in medical schoelarring theories for adults
must be applied. It is empirically clear that ret®wledge (memorization) is quickly
forgotten, and meaningful knowledge (understandieggls to be retained longer and
applied or practiced on a higher level (Baxter &d¢t| 1996; Mayer, 2002). Applied
learning theory in medical education should helgsptians apply the appropriate
knowledge to benefit their patients. To test tHeativeness of the learning cycle on
long term knowledge application, a human fidelitpmlator will be used to give
medical students the opportunity to practice aeguknowledge. The results of this
research may help medical faculty improve theicléag practices since 27% of
medical faculty focus on having students learn @oaly knowledge and skills to
accomplish clinical tasks (Williams & Klamen, 2006)
Definitions of Terms

Learning cycle. An inquiry constructivist teaching procedure tadws
students to manipulate materials and generatetliat#éhey analyze to construct
concept understandings. A learning cycle for thecept of malignant hyperthermia
has been developed and used by the investigatsef@ral years to teach senior
medical students and postgraduate residents.

Malignant hyperthermia. A genetic disease that can be triggered by an
anesthetic and lead to death if not treated promp#spite the availability of a drug
that can reverse the crisis, multiple deathsatitiur annually in the US. Although the

disease is different from an anaphylactic shocka# a similar course of events.
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Power point presentation.An exposition teaching method where the
instructor presents knowledge to students on spdeected on a board. For few
minutes at the end, students are usually allowedkaquestions to the presenters. A
group discussion does not normally occur in thisnfat. This format is very common
in medical education.

High fidelity simulator. A high fidelity simulation is a computer contralle
mannequin that can demonstrate many signs and eymspif a human patient disease
process. The mannequin can be placed in a simubgeting room that includes all
the monitors and also humans acting as operatmm giaff. Many programmed
crises can be manifested by the mannequin, inajueialignant hyperthermia crises.
A simulator will be used in this study to assessliced students’ management of a
crisis of malignant hyperthermia. Video camera rdic of the crisis allows for an

observer to assess the student’s management ofisise
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Chapter lI
Theoretical Foundation
This chapter focuses on three central areas (aicalemtlucation, (b)
structured inquiry via the learning cycle, andr@ of simulation in medical
education. The medical education section is subdd/into six categories (a)
complexity of medical education, (b) cognitive fleikty theory, (c) outcome-based or
competency-based education, (d) inquiry vs. exposlearning, (e) problem-based
learning, and (fpverview of the Oklahoma University College of Made
Curriculum. The learning cycle section is subdididato four categories (a) history of
the learning cycle, (b) the learning cycle teaclhpngcedure, (c) Piaget’'s &
Vygotsky’s theoretical underpinning to the learnoygle, and (d) cognitive and
motivational variables. The simulation sectionubdivided into five categories (a)
history of mannequin simulation, (b) simulatorsairesthesia, (c) current uses of
simulation, (d) advantages of medical simulatiord ée) simulation in medical
education.
Medical Education
The current blueprint for medical education in MoMmerica was articulated
in 1910 by Abraham Flexner in his repdriedical Education in the United States and
Canada a comprehensive survey of medical education pegjpan behalf of The
Carnegie Foundation for the Advancement of Teachimdjat the request of the
American Medical Association’s Council on Medicalu€ation (Flexner, 1910). The
basic features of medical education outlined byiée remain in place today: a

university-based education consisting of two yediscientific foundations and two
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years of practical experience in clinical settifgecently, The Carnegie Foundation
for the Advancement of Teaching undertook an ingatibn of medical education and
a research team embarked on an examination intstahes of medical education
(Cooke, Irby, & O’Brien, 2010). Over a three-yearipd, the research team reviewed
the literature and conducted site visits to 14 mwadchools and medical centers. Data
were collected through 140 structured intervievisfdgus groups, 200 observations
and documents. Both qualitative and quantitativedys®s were employed. The
Carnegie researchers found medical education lgeékimany important regards.
They found that medical training is inflexible, essively long, and not learner
centered. They also found that clinical educatsooverly focused on inpatient clinical
experience, supervised by clinical faculty who hkegs and less time to teach and
who have ceded much of their teaching responsdslib residents, and is situated in
hospitals with marginal capacity to support theadhing mission. They observed
poor connections between formal knowledge and éxpigal learning. Learners have
inadequate opportunities to work with patients duae and to observe the course of
illness and recovery; students and residents @ib@nly understand non-clinical
physician roles. Most importantly, the team obséryat medical education does not
adequately make use of the learning sciences éepasdgy).

Complexity of medical educationMedical education for health-related
professions represents a major category of adititg and is one of the most
complicated educations. Medical knowledge is enarsrend constantly changing and
physicians must acquire and remember a tremendguber of details, making

memory processes critical. Understanding and magatjseases (medicine) are
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complicated processes that form conceptual conplexid case-to-case irregularity
in knowledge domain, thus referred to as ill-stmuetiness. Additionally, medical
education extends over the lifetime of the physisjavho must be self-directed in
their learning activities and capable of relatimgwinformation to their own needs and
experiences. For these reasons, theories of &dwhihg that emphasize self-directed
and experiential learning are highly pertinent.tkremmore, theories of instruction that
are based upon self-study or use of media aresaisdicant to medical education.
Cognitive flexibility theory, which emphasizes aseastudy approach involving
context-dependent and realistic situations, applieectly to medical education.
Cognitive flexibility thinking and teaching allovisr shifting from
constructive orientation that emphasizes retriéngah memory of intact preexisting
knowledge to an alternative constructivist stanbétv stresses the flexible
reassembly of preexisting knowledge to adaptivielthé needs of new situation. For
example, managing a disease such as malignantthgp@ia requires connecting
hundreds of variables. Understanding the pathosoglthe cellular level of the
disease explains why an episode of malignant higpertia presents in many different
ways. The variation of presentations makes thendisig difficult as many of the
presenting symptoms are common for other dise&sg¢sitay occur in relationship to
surgeries and anesthesia. The rarity of the dissdd® to the complexity of
diagnosing it, but the deathly outcome for failbogdiagnose the disease in a timely
manner adds to the seriousness of it. Followinglthgnosis, the physician will have
to know the treatments including managing a crBrevious experiences with crisis

management have to be transferred to the situatibands as not all crises are the
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same. Additionally, prioritizing management stepd asing resources appropriately
is crucial to the treatment and positive outcomaurieling a patient and family on
what to do following the safe outcome is also parhanagement. Without teaching
cognitive flexibility, it will be impossible to teh the management of malignant
hyperthermia knowing that a physician may spendialher carrier without seeing
the disease once. Take this into account with tods of other diseases and the
complexity and ill-structuredness of medicine beesrabvious.

[l structured domain such as medicine must natdrdused witlcomplexity
(Spiro & DeSchryver, 2009). Complexity alone doesmake a domain ill-structured;
in fact, many well-structured domains are complell-structured domain such as
medicine, we cannot have a prepackaged prescripfibow to think or act. We also
cannot have a prepared schema that can be usethdtever the situation at hand may
be as those situations may vary completely. Rathdli;structured domain, the
schema of the moment should be formulated fronekfit pieces of knowledge and
experiences that were acquired at different tinmessstuations. This can be acquired
by creating as many variables and experiencesglthamlearning process so learners
can build the network of knowledge with the flexilyi of using different pieces of
this network for different future situations. Tlsisems to be working in medicine over
the many years medicine has been taught. In tosagtiical education, medical
students acquire much of the “introductory” knovgedluring the first two years of
medical school. During these two years, studensued on their previous knowledge
of chemistry, biology, anatomy, and physiology. ¥aéso learn basic or introductory

application of this new knowledge into some clih®eenarios. However during third
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and fourth year of medical school, students exmanthis knowledge and apply much
of it in clinical scenarios in different ways. Dag the years of residency, or post-
graduate education, (multiple years of trainindof@ing medical school) and with
much available content knowledge, physicians catyapis knowledge on real cases
with many variables. Although each disease coulthbesame, each patient is
different and different content knowledge needsd@pplied to different patients or
problem. Following the many years of residency,gitigns should be more exposed
to almost all variables and should have built aenndtwork of knowledge that they
can apply to more complicated scenarios in theréutu

Medical educators often deliver complex materiad iiormat that does not
allow the positive learning engagement recommemgecbgnitive researchers and
theorists. Cognitive researchers believe that traeal engagement and active
learning pedagogies change the nature of learmihdg simultaneously improving
knowledge gain and recall abilities. Engaged sttgléind the work more interesting
and thereby put more effort into it. Certain coyaitprocesses and skills such as
decision-making, reasoning, and problem-solvingcaitecal in medical practice.
Problem-solving, in particular, has been the bpeadagogy for many medical
curricula (Taylor & Miflin, 2008). Additionally, may aspects of medicine, such as
anesthesiology and surgery, require high leveleatory-motor ability.

Due to the complexity of medical education, medszdiools have yet to find
pedagogical practice that can be successful incakdducation. The goals and
objectives of medical students’ education have lmegimed by the Association of

American Medical Colleges (1998) as to produce @ess who are altruistic,
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knowledgeable, skillful, and dutiful. Most struatdrmedical education now focuses
on knowledge and skills, while altruism and dutiiess are ostensibly satisfied by
appropriate selection of medical students andmadeling by medical teachers.

Cognitive flexibility theory. Cognitive flexibility is the human ability to adapt
cognitive processing strategy to face a new or peeted condition. Cognitive
flexibility theory, or CFT, is a continuum of themstructivist theory of learning. CFT
is a theory of learning and instruction that wagaligped to address four main goals:
(a) helping learners to learn important but difficubject matter, (b) fostering
adaptive flexible use of knowledge in real-worldtisgs, (c) changing underlying
ways of thinking, (d) developing hypermedia leagh@mvironments to promote
complex learning and flexible knowledge applicat{&prio, Collin, Thota, &
Feltovich, 2003).

For constructivists, knowledge is not simply hashdewn from teachers to
students. Rather, students are co-participantsicdnstruction of meaning
(Dimitriadis & Kamberelis, 2006). One of the mamwnstructivist theorists, Jerome
Bruner, believes that students should be encourtgeahstruct their own knowledge
and build upon what they already learned. He arthegsnstructions should be
designed to encourage the learner to go beyongiviea information (Bruner, 1996).
CFT can also be related to the genetic epistemdlogyry of Piaget, who posited that
students develop cognitively when they are preskentth new situations that require
them to adapt previously learned materials (Bybegu&d, 1982). While CFT is built
on many of the same principles as other constnsttiveories, it was developed to be

especially useful when applied in complex, ill-stired domains with multivariable
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and higher-level learning, such as the teachingileg of medicine. In other words,
the theory was developed to allow the applicatibdifferent types of knowledge to a
variety of dynamic situations.

In well-structured domains, concepts can be, maftéct should be, directly
instructed, fully explained, and simply supportddwever, this cannot be done inill-
structure domain. Spiro believes that there isltesraative to constructivist approach
in learning, instruction, knowledge applicationdanental representation in ill-
structured domain (Spiro & DeSchryver, 2009). Altgh using constructivism
through CFT has not yet proved to fully work instructure domain, Spiro believes
that we should continue on using it. This is duthtofact that we know that direct
instructional guidance does not work in ill-struetth domain (Spiro & DeSchryver,
2009). It is the particular way that CFT instruaspand the associated guidance
tailored to the need of learning in ill-structur@nokin that distinguishes it in
fundamental ways from direct instructions. CFT lbesgstems facilitates a nonlinear
web of knowledge that resist the oversimplificatadrknowledge. This web of
knowledge insures the connections of different ggeaf knowledge to support
maximal adaptive flexibility in the later-situati@ssembly of knowledge and

experiences to suit the needs of a new problemrgpbrvent.

Coulson, Feltovich, and Spiro (1997) studied thaliaption of cognitive
flexibility in medicine, specifically in the way phicians analyze and treat a very
common disease, hypertension. They argued thaing the standard hypertension

treatment algorithm, in which hypertension pathglagd etiology are very
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simplified, physicians mistreat 50% of the casdswever, if physicians use cognitive
flexibility to take into account all the variablasd factors as well as the inherent
complexity of hypertension, physicians could trth&t disease and control blood
pressure faster and more reliably.

The goals of medical education are clearly thossdetinced knowledge
acquisition. New medical students have already l@emduced to many of the
subject areas within the biological sciences thay twill learn in medical school.
However, during medical school and life-long leamjiphysicians need to master
these concepts and have the ability to apply tlesviedge from formal instruction to
real world cases. The complexity of medical donsaid the many variables of
medical cases make the medical field an ill-stmedidomain. Due to these
complexities, medical educators have been very btragturing an outcome-based
curricula that teach medical students the attrbated competencies that are expected
of physicians (Harden, 2007).

Outcome-based or competency-based educatid@utcome-based education
emphasizes learner and program outcomes, not theyg@aand processes to attain
them. Calls for competency-based approach to eeycatessionals go back decades
ago (Carraccio, Wolfsthal, Englander, Ferentz, &tha2002). Traditional criteria
curriculum is organized around knowledge objectived focus on instructional
process regardless of the outcome of the procesth&other hand, outcome-based
education structures its curricula around the autavhile the process is secondary
(Harden, 1999). Some of the rationales for a coenmt-based medical education are

(Frank et al., 2010) (a) focus on curricular outesi(b) emphasis on abilities
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(competencies are the organizing principle of cuta), (c) de-emphasis of time-
based training, and (d) promotion of learner-caattress. As medical education
evolves to focus on competencies, it is importartdfine those competencies. It is
assumed so far that those competencies will indhmdevledge, skills, and attitude
(Molenaar et al., 2009Dn the other handpmpetency-based medical educatiohas
been criticized for being reductionistic, thatfa, focusing on atomistic skills and
failing to capture the essence of professionalaiets as manifested by complex and
integrated capabilities (Swing, 2010).

Inquiry vs. exposition learning. Contemporary views on learning conceive
that one constructs knowledge based on previowtylieliefs and experience. In this
sense, inquiry learning is metacognitive, giving thdividual a picture of how she/he
learns (Graffin, 2007). As in many other discipBna growing literature in medical
education praises the benefits of inquiry versymsition learning (Carline, 1989;
Richardson & Brige, 1995). The difference betwea®guiry and exposition is not just
observable, but is also ideological. While pastaening assumes that knowledge
can be transferred from one person to anotherealgarning presupposes that all
knowledge is constructed by the learner. Each sfferery different epistemological
underpinning. Passive learning perceives knowledge commodity, whereas active
learning perceives knowledge as experience crdptdide individuals’ meaning
making processes (Maclellan, 2005).

For learning to be active, learners not only n@eoet doing something but also
need to reflect on what they are doing. Activenéay is learner-centered, where an

individual's needs are more important than thosthefgroup. Active learning
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pedagogies change the teacher-learner relatiotslaipearner-learner relationship.
Active learning is within Piaget's taxonomies, argather taxomonies. Active
learning combines engagement and observation efibctive experiences.

Passive learning as a method fails to connect stadkrectly with the
knowledge and skills they need to learn. Passiamnieg occurs when students read
an assigned article, chapter, or book; when theglwa film; when they attend a
lecture. Active learning occurs when each of thexgerities is combined with
engagement, observation and reflection.

Problem-based learning.Following the introduction of problem-based
learning (PBL) to medical curricula in the 1970shdson & Finucane, 2000), the
majority of medical schools worldwide began to adapre active learning strategies
(inquiry) over what was considered the traditiopassive method (exposition)
(Norman & Schmidt, 1992). This movement created@ylof literature that describes
the potential benefits of PBL curricula comparedraéalitional learning. However,
navigating this body of literature is not an eamskt Generally, the end results of
studies on PBL are inconsistent and the sampleo$izeme makes it difficult to arrive
at conclusive evidence. Additionally, review agglon the subject produced
conflicting results and some skepticism regardimgeffectiveness of PBL.

Dochy et al. (2003) published a meta-analysis3o$tidies to evaluate PBL
effects on knowledge and skills. The review wasrastricted to medical education,
but included all forms of tertiary education. Theakysis showed moderately
significant effects on practice skills favoring PBAlthough deemed small and not of

practical significance, the authors found scorekrmwledge tests to be lower in the
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non PBL group. While the appropriateness of conmgthese data in a meta-analysis
is questionable due to substantial heterogenerysacstudies, the analysis provided
some insight into potential effect modifiers. Thegploratory analyses, which were
based on a small number of studies, suggestedttidt design, students’ level of
expertise, retention period, and assessment methag®xplain variability in effect
estimates. The authors cite their main limitatisrttee compromised internal validity
of the primary research studies.

Koh et al. (2008) conducted a systematic reviewehaluated PBL on 37
outcomes of physician competency (identified byabthors) post-graduation. The
review was methodologically rigorous in that it qmsed a comprehensive and/or
systematic approach to searching, study seledta, extraction, and quality
assessment. The authors identified 13 unique netestadies although 4 only
provided self-reported data which the authors aghedge as being prone to
inaccuracy. The analysis yielded significant resalipporting PBL for 7 of the 37
competencies; diagnostic skills or accuracy, comoation skills, and possession of
medical knowledge are among these 7 competendiesadthors pointed out a
number of limitations of their review, some of whistem from the nature of the
literature, in particular, the challenge of disergiang the effects of PBL from other
curricular changes.

Hartling et al. (2010) conducted a systematiceevof PBL in undergraduate,
pre-clinical medical education between 1985 and/2@80review of 30 unique studies
demonstrated that knowledge acquisition measurezkbg scores was the most

frequent outcome reported. They concluded that &&ts not impact knowledge
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acquisition, and evidence for other outcomes do¢provide unequivocal support for
enhanced learning.

Although the superiority of inquiry curricula hasdn demonstrated, a
concurrent literature is growing to discuss thé& lacpedagogical change in medical
education (Hurst, 2004; Rudland & Rennie, 2003003, a web-based questionnaire
to medical schools education deans documented @atof the 123 medical schools
in the US used PBL in the preclinical years (Kinkal005). Of schools using PBL,
45% used it for fewer than 10% of their formal teag, while 60% used it for more
than half of their formal teaching. Of the 30% ofsols not using PBL, 22% had
used it in the past, and 2% had plans to incorpatan the future.

Due to their lack of pedagogical understandingsshers in medical schools
generally teach as they were taught in undergradarad graduate schools. Although
medical faculty were able to keep up with the rgpathanging science of medicine in
the last few decades, the same cannot be said atsalital teaching. Medical faculty
understand the complexity of scientific changesgbample, if a scientific research
uncovers a function or treatment, medical faculeyeager to apply it to their patients.
On the other hand, pedagogical changes are naoicéidn of medical education, due
to medical faculty’s lack of pedagogical prepanatamd understanding. This could be
due to medical teachers’ simplistic understandivag to be a good educator, one only
needs to have exceptional grasp of the materialayf,aeaching in medical classroom
remains lecture driven, with little engagement lesta students and faculty (Graffam,

2007).
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Overview of the Oklahoma University College of Medsine curriculum.

The four-year MD curriculum at the Oklahoma Univigr€ollege of Medicine is
divided into two phases: the pre-clinical curriaaluvhich consists of the first and
second years, and the clinical curriculum, whichsisis of the third and fourth years.
The medical school curriculum includes both reglizeurses and elective
opportunities. Many courses are team-taught urigeleiadership of course directors.
And the courses are graded both by traditionadeftades and honors/pass/fail
grades.

The preclinical curriculum is organs-systems basée. basic sciences
curriculum begins with foundation courses, followsdorgan systems courses, and
culminates with a capstone course. There are mppgrtunities for self-directed
learning throughout the first and second year. dieelinical curriculum courses
include: three foundational courses, numerous Byst@urses, a clinical medicine
course, and finally the capstone course. Studeavs n opportunity to participate in
the enrichment program. The enrichment programistensf elective courses offered
during the preclinical curriculum. In the enrichmh@nogram, students take two
courses from the following areas: medical humasiitoéinical learning, and research.
At the conclusion of the basic sciences curriculstugents take a capstone course.
This ten-week course is designed to reinforce,ya@pld synthesize basic science
concepts taught during the systems courses. Th&aae course is also designed to
introduce concepts of evidence-based medicinet@fatilitate the transition to the

third year.
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The first year curriculum includes forty weeks olicsework. It begins with a
one-week prologue course, and then transitionstimaee foundation courses,
including molecular and cellular systems, diseaagribsis and therapy, and the
human structure. Students take four systems bamsedeas during the spring semester.
During the afternoon, students take clinical medici‘patients, physicians, and
society”, and the enrichment track. The second gearculum consists of 35 weeks.
Students take the remaining 3 systems based cothsedinical medicine 1l course,
the “patients, physicians, and society course”, @mithment courses if they're
enrolled in it. The second year ends with a tenkngstone course.

The college of medicine uses a variety of instarai approaches during the
preclinical curriculum. These include: lecturesafirgroup sessions, team based
learning, clinical preceptor experiences, anatomgattions, and independent study.
During a typical day, students may have some coatioin of lectures, team based
learning, independent study, anatomy dissectiospall group discussion.

In contrast, the clinical years curriculum is exeetial, immersive, and
participatory. There are few lectures in the chicurriculum. The clinical years
consist of a series of discipline based clerkslefestives, and selectives. Students
work in the outpatient environment, and in inpatsettings. Additionally, the college
of medicine has a rich online curriculum resouraked Hippocrates that is designed
to supplement the traditional curriculum.

The third year consists of a variety of clinicaréships that range from four
to eight weeks in length. During the third and fwear students must take five 2

week selectives from a variety of areas includagymatology, emergency medicine,
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neurosurgery, and pathology. During the fourth yadents take a four week
geriatrics clerkship, a four week ambulatory mathotlerkship and a four week rural
preceptorship. There are 22 weeks of electivesaduhe fourth year. The college of
medicine uses a hybrid grading system. During tkeecpnical curriculum, an honors
pass-fail system is used. During the clinical @uium, a standard letter grade system
is used within a 4.0 GPA system.

Regarding assessment: pre-clinical students aessed via one or more
multiple-choice exams per course. Students mayuaidergo clinical skills
assessments and they may be asked to completarassity or participate in an
audience response system exercise. During thealiourriculum, students are
assessed via written and oral exams and are aslagairiplete patient write ups.
Faculty and residents rate student performancevery €lerkship. Across the third
and fourth year, students are asked to participatinical skills assessments.

The Learning Cycle

The learning cycle is a teaching procedure thatgires inquiry and transpires
in several sequential phases. A learning cycle mdve learners through a scientific
investigation by encouraging them first to exploraterials, then construct a concept,
and finally apply or extend the concept to otharations (Marek, 2008).The best
description of the learning cycle is an essay by Ah L. Cavallo:

The learning cycle is best described as a philogopBcience teaching and

learning, focusing attention on the students aed tharning processes.

Importantly, the learning cycle is the means taeahthe primary educational
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purpose of promoting thinking, scientifically well-prepared citizenry that is

so critically needed in today’s world. (Marek, 20p9151)

History of the learning cycle.Robert Karplus, a physicist at the University of
California Berkelry, is credited for seminal work structure inquiry, which later
became known as the learning cycle. This approaskience began in the late 1950s
(Marek, 2009). Together with J. Myron Atkins, Karplcreated a theory of “Guided
Discovery” which is based around students learbaged on their own observations
(similar to the scientific method). The 1970s mu& first time the term “learning
cycle” appeared in the literature. The 1970s atsaight different other type of
inquiry programs for science to numerous schodtidts.

During the 1980s, John W. Renner and Michael Admaidentified the
relationship between the three phases of the legueycle (exploration, explanation,
and expansion) and the three elements of Piagettkehof mental function
(assimilation, accommodation, and organizationgyltound through a study
conducted in high school chemistry classes thasélgeience of the cycle phases was
important to students learning, but noted that twmyld be reordered under certain
conditions. Towards the end of the decade, modifeates for the learning cycle were
proposed.

The 1990s made additional changes to the leacyalg in the form of new
steps added in a more alliterative fashion: engagenexploration, explanation,
elaboration, and evaluation. This is the so-cdiletkarning cycle. Research focus

also shifted from the students’ involvement in liggrning cycle to the teachers’
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understanding of it. The greater the understandirige learning cycle by teachers
translated into better implementation of the leagreycle as it was designed.

The learning cycle teaching procedurel.earning cycles consist of three
phases: exploration, explanation, and expansionn@exploration collaborative
learner groups engage in an activity and genetal calection using scientific
processes (assimilation). The exploration phadesggned to stimulate learners’
interest by producing some degree of disequilibratirhe outcome of the learning
cycle (science concept) is not disclosed to thenkxa beforehand. During the
exploration phase, the teacher acts as a faciljtatoviding materials and directions,
and guiding the physical process of the experimEm. outcome of the exploration
phase is typically a set of data for the learne@alyze and interpret in the next
phase.

In explanationphase, learner groups present their data for aelaalysis and
discussion. During this process, the teacher gultegearners’ analysis of the data by
guestioning them in both groups and whole classudision (Marek & Cavallo, 1997).
Finally, as a class, the learners, using their awrds, agree upon an explanation, or
the concept of the learning cycles. After the cless constructed the concept
(accommodation), the teacher, if appropriate, méypduce any scientific terms
related to the concept. Naming these terms culmsntite second phase of the learning
cycle.

Theexpansioror application phase allows students opportunitasse the
science concept in different contexts (organizatidhe purpose of this phase is to

extend or expand learners’ understanding of theeainand help them understand its
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application to other situations. The applicatiorymélize additional experiments,
demonstrations, reading, videos, computer programsdiscussions to help learners
expand their understanding of the concept. Theotifge concept in the application
phase completes the cyclical process, and oftels lianew explorations (learning
cycles). Learning cycles are often viewed as spiied application activities lead to
more topics to be explored and explained whiledag more complex concepts upon
the foundation of simpler ones.

Piaget’'s & Vygotsky'’s theoretical underpinning of he learning cycle.The
theory of cognition upon which the learning cydéased is a model of intellectual
development advanced by Piaget. Jean Piaget (188®) Wvas a developmental
psychologist, best known for his structuralist ttyeaf cognitive development, in
which development is organized into a series ofisatjal and invariant stages. Piaget
became very interested in philosophy, especiatiicldHe blended this with his
interest in science and began searching for bioc&@xplanations of cognition. Piaget
decided to develop philosophy/biology of life aifd forms, the centerpiece of which
was the idea that all forms of life (organic, méraad social) are organized as
“totalities” that are greater than the sum of thparts, and that these totalities impose
the organizing structure of the parts.

Reacting to a long legacy dominated by behaviteetning theories, Piaget
proposed a dynamic, cognitive model of learning beecame known later as
constructivism. In constructivism, learning is ceived to be a holistic, “bottom-up”
process enacted by antive learner In contrast to behaviorist learning theories,

Piaget proposed several new and radical themesmdhadual learner is an active
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constructor of knowledge; developmental process presede learning through
instruction; and language is an epiphenomenonarfght and not constitutive of
thought. Piaget called the knowledge and skillspssed by individuals “schemas”,
and he explained how they got reorganized withctmeepts of assimilation,
disequilibrium, equilibrium, accommodation, and amgation.

Piaget claimed that individuals learn primarilyabgh their own categories of
thought while they attempt to organize the worlouad them. To eventually arrive at
adult-like forms of understanding- or, in Piagetiarms, objective knowledge-
individuals activity proceed through a spiral aiges in which they develop different
hypotheses based on their experience and incogtirase hypotheses into different
naive theories for understanding and explainingstbed around them. Instead,
individuals’ epistemologies about the world aretowrally transformed as they act in
and on the world and reflect on the nature anccedffef their actions.

It is important to note that although originallysea on Piagetian theory, the
learning cycle also embodies other constructivasagigms or learning and
development such as social constructivist theoryyyotsky and meaningful learning
theory by Ausubel (Marek, Gerber, & Cavallo, 1998ygotsky maintained that
“learning is a necessary and universal aspecteopthcess of developing culturally
organized, specifically human, psychological fuoet.” (Vygotsky, 1978). In other
words, learning is what leads to the developmemiigiier order thinking. As a
constructivist, Vygotsky repeatedly stressed theartance of past experiences and
prior knowledge in making sense of new situationgresent experiences. According

to Vygotsky's theory, social learning leads to fetdevelopment, which represents a
104



huge difference from Piaget who believes that dgwaknt is a prerequisite to
learning (Bybee & Sund, 1982). Vygotsky believeat flearning and development are
always within two planes: social and psychologitakrning is first situated in an
interpsychological plane between the learner armvkmg others. However, in later
stage learning moves into another intrapsycholdgieme through a process called
“internalization.” Internalization is the reconsttion of external operation so they
transform from being a social phenomena to beimgqgdahe learner’s interpersonal
mental functioning. Learning is specific to thdtare and society as the tools of
learning, such as language and signs, differ fraltuce to culture. Vygotsky
maintained that language plays a central role gnitive development. He argued that
language was the tool for determining the waysdividual learns "how" to think.
That is because complex concepts are conveyee todividual through words.
Learning, according to Vygotsky, always involvesgatype of external experience
being transformed into internal processes thronghuse of language. Additionally,
speech and language are the primary tools useshtonanicate with others,
promoting learning. This is in a way similar to g@awho emphasized the role of

experiences on assimilation of knowledge.

Vygotsky's concept of the Zone of Proximal Develeptn(ZPD) is perhaps
what he is known for most. He proposed that anndisgdeature of learning is to

create the ZPD; that is, learning awakens a vadkigternal developmental processes

that are able to operate only when the child israxting with people in his

environment and in cooperation with his peers (@&re€l Shields, 2008). Once these
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processes are internalized, they become part afttitéds independent developmental
achievement. In other way, ZPD is “the distancevben the actual developmental
level as determined by independent problem solaimgjthe level of potential
development as determined through problem solvirdguadult guidance or in
collaboration with more capable peers” (Vygotsk§78). In theory, as long as a
person has access to a more capable peer, angiprehh be solved. According to
Piaget, learning is what results from both mental physical maturation plus
experience (Bybee & Sund, 1982). In contrast tgétiavho believes that
development preceded learning; Vygotsky observatldarning processes lead
development (Gredler & Shields, 2008). Accordiny/t@otsky the two primary
means of learning occur through social interactiod language. Language greatly
enhances humans' ability to engage in social iatierss and share their experiences.
Vygotsky maintained that learning occurs just abibnvestudent's current level of
competence. Furthermore ZPD is dynamic and fluatepvithin which individuals
move about as the content, learning contexts, @mthér characteristics change
(Dimitriadis & Kamberelis, 2006).

Mental functioning. According to Piaget, learning occurs primarilyoihgh
self-regulation. It involves a series of active stoauctions and adjustments on the part
of the individual in response to external pertudgm These constructions and
adjustments are both retroactive (loop systemsexliack) and anticipatory. Together
they form a permanent system of compensations yalaaeking equilibrium. The
compensations are accounted for primarily by asatiron and accommodation.

Assimilationis a matter of making a new object or experieitdatb an old schema.
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This new object causes a disturbance or disequitibthat forces the mind to
equilibrate.Equilibrium s typically motivated by the experiencedi$equilibrium the
uncomfortable sense that one’s experience is & witti one’s capacity to understand
and explain itAccommodatiots a matter of making an old schema fit a new abje
For example, teaching medical students about maighyperthermia as a disease
could be achieved by connecting the pathology efdisease to an earlier concept the
learners know, muscle fiber contraction (force)isldoncept is familiar to all medical
students through earlier biology and physiologgsts. A review of intracellular
action of a fiber contraction and the role of aahsiregulation in organized fiber
contraction places the subject in the learners’ ZIRPoducing the concept of a
genetic malfunction that cuases massive releasalafum under certain
circumstances will cause the learners to cognitidedequilibrate and force them to
equilibrate by assimilation. Students will then@oenodate by connecting the effects
of increased intracellular calcium release andctimecal symptoms of malignant
hyperthermia: increased muscular contraction caugelsty and increased heat
production, massive lactate release causes acidlozisased oxygen consumption
manifests as blood oxygen desaturation, and ineceearbon dioxide production
forces the body to remove it manifesting by inceebsarbon dioxide elimination by
the lungs. Learning about malignant hyperthermigsea the learners to go through
multiple loops and feedbacks while disequilibratamgl equilibrating multiple times; a
formal learner should be able to do that.

Developmental stages. Even though Piaget claimed that children are active

participants in the creation of knowledge, he alsamed that they progress through
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distinct development stages, each with its ownifipéand of knowledge and ways of
organizing that knowledge, as well as specific bedral characteristics. The first, the
sensorimotor stageccurs roughly between birth and two years of &yging this
stage, children explore things that can be sedénafed touched through their senses.
Their knowledge during this stage is largely imnageli sensory, and motor. The next
stage, th@reoperational occurs roughly between the ages of two and sgears.
During this stage, children’s thinking is more ititte and concrete than logical and
abstract. One of the best-known examples of predipeal children’s centrism is

their inability mentally to conserve number, lengthd solid or liquid amounts. The
third stageconcrete operationemerges roughly between the ages of seven and up.
During this stage, children begin to apply logiocperations to concrete problems.
Children are rather skilled at thinking logicalbyt only in the context of specific,
concrete situations. They have difficulty thinkialgstractly and forming
generalizations based on particular experiencesy also develop the concept of
“Reversibility”, “Classification” and “Serration’The fourth stagdprmal operations
emerges roughly around ages of eleven and up. @thia stage, children develop the
ability to view problems from multiple perspectivés think abstractly, to form and
test hypotheses intentionally, to generalize frampgarticular to the abstract, to
engage in logical (deductive) reasoning, and teehbgvideals. Although Piaget
posited that these four stages are sequentialgrigmt, he also acknowledged that the
ages when children pass through different stageagroximate, and that children
sometimes move back and forth between stages dwangitional developmental

periods.
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Piaget argued that language does not facilitateitog development, and that
cognition can develop normally without languagerects a mediational means.
Additionally, he thought that although languagen&rumental in sharing of
knowledge, it is not a source of knowledge. InstéadPiaget, thought development
precedes language development. Language is simpReation of the thought. This
claim seems rooted in Piaget’s instance that thieighual learner is a little scientist,
constantly constructing and reconstructing theaalasut the world and how it works.
This perspective is controversial and was strongiyosed by Vygotsky and his
followers. From this perspective, socialization &saching is effective only after
children have moved beyond syncretic thought amdeufric speech.

Vygotsky promoted the development of higher leteiking and problem
solving in education (Gredler & Shields, 2008)sitiiations are designed to have
learners utilize critical thinking skills, theirdhght processes are being challenged
and new knowledge gained. The knowledge achievedigih experience also serves
as a foundation for the behaviors of every indiaidiygotsky believes in the "More
Knowledgeable Other" (MKO). The MKO is anyone whasla better understanding
or a higher ability level than the learner, pattcly in regards to a specific task,
concept or process. The MKO could be thought & tsacher or an older adult;
however, this is not always the case. Other pdgsbifor the MKO could be a peer,
a sibling, a younger person, or even a computas i§tsimilar to what Bruner thinks
and believes (Bruner, 1996). The key to MKO is thaty must have more knowledge
about the topic being learned than the learner.ditegchers or more capable peers

can raise the student's competence through the ¥iafatsky's findings suggest
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methodological procedures for the classroom whezxedeal role of the teacher is that
of providing scaffolding to assist students on sasikhin their ZPD. During
scaffolding the first step is to build interest arjage the learner. Once the learner is
actively participating, the given task should balified by breaking it into smaller
subtasks. During this task, the teacher needsdp #e learner focused, while
concentrating on the most important ideas of tisggasent. One of the most integral
steps in scaffolding consists of keeping the |leafmoen becoming frustrated. The final
task associated with scaffolding involves the teachodeling possible ways of
completing tasks, which the learner can then imitattd eventually internalize. It
seems that what Vygotsky is callimgernalizationis close to Piaget’s idea of
assimilation Students need to work together to construct teanning, teach each

other so to speak, in a socio-cultural environment.

Cognitive and motivational variables.In addition to research supporting the
effectiveness of the learning cycle in facilitatiadpetter understanding of scientific
concepts and processes, the role of cognitive basaon science achievement has
also been investigated (Cavallo, 1996; Johnson &slom, 1998; Lawson &
Thompson, 1988). Among cognitive variablesasoning abilityhas received the most
attention. The ability to reason formally is theosgest predictor of meaningful
understanding of scientific concepts. Lawson andijson (1988) demonstrated that
high-formal learners who no longer require concadtiects make rational judgments
and are capable of hypothetical and deductive reagpperformed better than did

low-formal learners. High-formal learners are ableinderstand both concrete and
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formal concepts. They have developed sound unaelisignof abstract concepts. Such
learners are capable of looking for relations, gateg and testing alternative
solutions to problems, and drawing conclusionsfphyang rules and principles.
Low-formal learners on the other hand are conaesisoners who are unable to
develop sound understanding of abstract conceptsy @re able to understand only
concrete concepts. Low-formal learners have ndy tidveloped formal thought yet.
Lawson and Renner (1975) reported that interpregimdysolving genetics problems
requires formal-level operations such as probaiajisombinational, and proportional
reasoning that is in line with Piaget's developraéttteory. It is assumed in this
research that all medical students are formal #mkand thus can handle teaching of
more than one concept at a time. This is very ingmbito medical educators as most
of the teaching that we do depends on formal learwlo can move among concepts
smoothly.
Simulation for Assessment of Learning in Medicine

Simulation in medical education is a growing entisgthat facilitates learning
for individuals and multidisciplinary teams in hd@spand school environments.
Simulators range from task trainers, to mediumlitigléfe size and human appearing
mannequins, to high fidelity mannequins that propyysiological signals and
respond to pharmacological interventions in a séialiooking healthcare setting.
Training has a wide range of applications, fromd#asadvanced technical skills
acquisition, to interpersonal factors such as comaation and teamwork, to
assessing the learners in a safe environment.tinsng can be provided through the

use of high-fidelity simulation as well as otherthwls such as standardized patient
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scenarios and task trainers. Dr. David Gaba (266ifhed simulation as “a technique-
not a technology-to replace or amplify real experes with guided experiences that
evoke or replicate substantial aspects of thewedd in a fully interactive manner.”
(p. 126).

Learning from error is a new concept that has laggaied in medical teaching
in the last few decades. This method of teaching med applicable years ago as
medical errors may lead to fatal consequencestterpga. However, with the invention
of human simulators learning by error is easily aafily applicable. This gives
medical teachers better chance at focusing onestgitig, open-ended investigations
without the fear of harming a patient. The negaén®tions generated from bad
outcomes as a result of mistakes made during stianlean lead to better decision
making in real clinical situations (Okuda et aDP®2). As complex skills are
constructed from fundamental component skills,fiwdicient performance of
complex skills is achieved by refining and integrgtthe component skills during
repeated performance in a realistic context thatc®mpanied by feedback on
performance. This is precisely what simulationié&ay can provide.

Despite advances in simulator development, evem-taglity simulators are
imperfect. Although simulation has come a long waseplicating human likeness,
there remains a degree of low face-validity, ofisea Some trainees, for example,
know that the simulator is not a “real patient,dao may behave differently than they
might in “real” situations. Future developmentsimulator technology will likely
help to improve the fidelity of training scenariagich will in turn, improve the

assessment of trainee performance.
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History of mannequin simulation. Simulators in healthcare date back to the
1960’s with the development of Resusci-Anne forghgiose of teaching and
demonstrating mouth to mouth resuscitation (Co&p€&aqueti, 2008; Cumin &
Merry, 2007; Grenvik & Schaefer, 2004).

Early mannequin simulators. The earliest medical simulatorfesusci-Anne
The first version of Resusci-Anne simulated aineégtruction and allowed the user
to adjust the airway by hyperextending the neckfandard thrusting the chin to aid
mouth to mouth resuscitation. Not long after gselopment, and following the
realism of the benefits of external chest compagsduring cardiac arrest, Resusci-
Anne was updated to include a spring in the cleeatiow the simulation of chest
compressions.

Another historical mannequin simulator that alss & origins in the 1960s is
Harvey, a mannequin designed to model 27 different cardomditions (Gordon,
1974). Harvey could demonstrate blood pressugeil@ venous pulses, arterial
pulses, precordial impulses and auscultatory e&usper & Taqueti, 2008).
Throughout the decades Harvey has been the cdntaarny studies that explored the
efficacy of simulation in medical education. A sgugy The National Heart, Lung, and
Blood Institute showed that fourth year medicatistuts trained with Harvey
performed better than their colleagues trained Withpatients only (Ewy, Felner, &
Juul, 1987). For these high performing studendsning with Harvey had improved
their confidence and cardiology assessment skillstvey has also been utilized as a

tool to test the cardiology exam and diagnostiisski medical professionals.
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Simulators in anesthesiaSimulators have long been used for purposes of
developing anesthesia related skills. For exangile,Oneis a computer controlled
high-fidelity simulator developed for training atebting experiments. Additionally,
Dr. David Gaba (1988) developed the simulator knes@8ASE- Comprehensive
Anesthesia Simulator Environment to investigate &aperformance in anesthesia.
CASE relied on the ability of a computer to run glated blood pressure values and
later displayed physiological cardiac signals neaistic operating room environment.
With the ability to simulate a number of criticalemts, a new curriculum entitled
Anesthesia Crisis Resource Management (ACRM) was (pdolzman et al., 1995).

At the same time of CASE’s developmeBAS.- Gainesville Anesthesia
Simulator was developed and originally used to sateuand diagnose faults within an
anesthesia machine (Cooper & Taqueti, 2008). Comdpithe apparatus with a
simulated lung model, GAS is a complete mannegunulator that enabled users to
diagnose critical anesthesia events. GAS latesrbe licensed product of Medical
Education Technologies Inc. which now mak#3S (Human Patient Simulator) and
PediaSIM The creation of such high fidelity patient siatioks provided an avenue
for medical personnel to learn psychomotor and itivgrskill in a realistic patient
setting.

Current uses of simulation.Medical simulation, in general, has been used to
(a) practice complex medical procedures and cligeants, (b) promote rehearsal of
clinical and nonclinical skills such as communieati(c) introduce new
equipment/technology, (d) train teams and indivisiu@) experiment with novel

interventions, and (f) assess performance (Br&fl96). In anesthesia, simulation can
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be used to provide training in crisis managemes technologies or equipment,
cognitive skills such as decision-making, techngtalls such as airway management,
behavioral skills such as communication, teamwarkl leadership. Additionally,
simulation can be used for competency assessnmampdysicians credentialing and
board examinations.

Advantages of medical simulationThere are a number of reasons for using
simulation in health care environments. Primauilse of simulation provides zero risk
to patients as errors may be obtained and corredgtbdut consequences. Simulation
also allows for the presentation of a wide varmtgcenarios, including less frequent
but still critical events. Additionally, simulatigerovides flexible, job-specific training
and learning that can be tailored to a particigaskill level and/or learning style.
Unlike patients, simulators do not become embagss stressed, are available at
any time to fit curriculum needs, and have prediietdoehavior. Thus, training does
not have to be delayed due to “real patient” vdeisbin addition, simulators: can be
programmed to simulate selected conditions, finglisguations and complications;
allow standardized experience for all trainees;lmansed repeatedly with fidelity and
reproducibility (Issenberg et al., 1999).

Simulation in medical education.In a systematic review of 670 peer-
reviewed journal articles related to high fidelmyedical simulation in a range of
disciplines, including anesthes@ear evidence was found that repetitive practice
involving medical simulation is associated with noyed learner outcomes

(McGaghie, Issenberg, Petrusa, & Scalese, 2008fhémmore, it was identified that a
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dose-response relationship, such that more pragieleed better results for all levels
of learners, including students, residents, arehdthg physicians.

Undergraduate medical education. Teaching through the use of simulation
could be superior to typical problem based learfamgindergraduate learning. In
science, mannequins are used to teach physioldgle tvuman actors are very
effective in teaching multiple different disciplmécluding neuroscience. Simulation
can also help to ease the transition from study cfihical clerkships; for example, the
cardiology patient simulator replicates 30 différeardiac conditions. Additionally,
virtual reality simulation can be used to aid stiden learning through simulated
surgeries (Okuda et al., 2009). Morgan and CleawgegH2000) demonstrated that
simulation is a reliable assessment method for caédiudents’ performance.

Graduate medical education. Simulation can be used to teach adverse
reactions to anesthesiology in a way that legalsaiety concern prevent in real-life
situations. For training in obstetrics, motorizedstles allow a mannequin to “give
birth” to a mannequin “baby”. Valuable emergencydme skills are being
transmitted through the use of simulation, as agltrew resource management skills.
Critical care training, such as central line plaesaemcan be taught through the use of
simulated practice (Okuda et al., 2009).

Board certification and credentialing, and medical-legal applications.
Computer-based simulation of patients is usedversé countries’ examination
processes. The US and Canada use simulation tadatitonal levels of evaluation.
The American Board of Anesthesiology is preparmgde simulation in the

evaluation for board certifications. Simulation ladso been effective as a tool in cases
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of malpractice. Some insurance companies have dféenng incentives to
anesthesiologists who participate in simulationscfesis resource management.
Simulation may also have implications if used asl@vwce in the courtroom for
malpractice cases.
Competency assessment. Simulations can be used to assess the competency of
a physician and are capable of distinguishing betwsenovice resident and a more
experienced one. The use of an anesthesia simolos a number of advantages
over traditional assessment methods. First osatulation allows for
multidisciplinary learning: nurses, pharmacistsdioal students, residents, fellows,
and physicians. Secondly, scenarios can be stamddrsio that multiple teams of
learners can be trained in the same way, whichps@ally helpful for assessment and
credentialing. By standardizing the scenarios, tgithhe observers view the same
events, and scripting the responses to the probldiffisrences attributed to the
“patient,” the candidates, or the conduct of thamexation are eliminated (Devitt,
Kurrek, & Cohen, 1997).
Malignant hyperthermia scenarios have been usedédraly to assess
anesthesiologists (Boulet, Murray, Kras, & Woodleu)08; Henrichs et al., 2009;
Murray et al., 2007). Standards for managementaligmant hyperthermia
mannequin-based scenario are established usinggajgrexpert judgments of
physicians’ audio-video performances (Boulet et2008). A scenario of malignant
hyperthermia, among other conditions, provideseaigassessment opportunity in
anesthesiology as the management of malignant thgreria is emergent with a set

of agreed upon steps to recognize and treat.
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Chapter IlI
Research Methodology
This study is designed to compare factual knowleétgntion and clinical
skills outcomes of medical students following thetperience in one of two different
teaching designs: inquiry via the learning cycld arposition via power point
presentation. Clinical knowledge and skills acqdiit®em either teaching practice will
be measured by how learners recognize and managéignant hyperthermia crisis in
a medical fidelity simulation one month followinget experimental teaching
procedures. Factual knowledge acquired and retaulede compared using a
multiple-choice question test immediately followitinge teaching procedure and one
month later. Additionally, correlation between fzaltknowledge (performance on
multiple-choice question test) and clinical sk{dsmulation) will be studied. A
guantitative analysis will be used to compare ftiffer@nce between the two groups.
Description of Participants
Following The Oklahoma University Health Sciences@r Institutional
Review Board approval, third and fourth year meldstadents (MSIIl and MSIV,
respectively) enrolled in the College of Medicirigtee University of Oklahoma will
be asked to participate in this study. The curdemographics of medical students in
the College of Medicine is 48% females and 77% egjiand we expect the
participants in the study to follow the same derapgics. Additionally, the majority
of the participants will be under 30 years of ajough their post high school
education years may vary from 6 to 10 years. THg eéxclusion criteria that will be

used is refusal to participate in the study.
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Recruitment. An email will be sent to all MSIIl and MSIV at theeginning of
the school calendar year in July. To increaseurgnents, a second email will be sent
a week later to students who did not answer tisé éimail, and a third email two
weeks later to students who did not answer therskemail they are to agree or deny
participation. A $25 gift card will be offered ta@h student at the completion of the
study to compensate for their time, and all stuslenli enter a lottery to win one of
two free opportunities to attend an anesthesiolagional meeting. The students will
be informed that performance assessment generatedoarticipating in this study
will not be used in any of their medical school leasion.

Randomization
One hundred students will be randomized into eidmeinquiry group or an

exposition group using Research Randomizer soft{mte://www.randomizer.org/

The software will assign each student either thalwer 1 (inquiry) or the number 2
(exposition).

Inquiry group (1). Students who were randomly assigned the numbell 1 wi
constitute five groups of 10 students each (fivellMg&hd five MSIV). These students
will be taught about malignant hyperthermia usirlgaaning cycle the investigator
developed and used previously.

Exposition group (E). Students who were randomly assigned the number 2
will constitute five groups of 10 students eachegfMSIIlI and five MSIV). These
students will be taught about malignant hypertharasing a slide presentation the

investigator developed and used previously.
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Teaching Procedures

Students will be taught by the same instructdrQrdifferent groups, each
group consists of 10 participants. All teachingifaquiry and exposition will occur in
the lecture room at the Oklahoma University Clihi8kills Education & Testing
Center. The instructor and the group will meetdoe hour. All content taught will be
similar between the two groups but the teachingtpras will be different.

Inquiry teaching. During one hour, the instructor will follow the & plan
on malignant hyperthermia. See Appendix A.

Exposition teaching.During one hour, the instructor will follow a slide
presentation format. Following the slide presentata 5 minutes period will allow
students to ask questions and participate. Seenkipp8.

To ensure that the teaching content is similaaich teaching procedure, all
teaching will be videotaped. Two anesthesiologigtns will randomly select one
videotape from the inquiry teaching, out of fivadaone videotape from the
exposition teaching, out of five, and analyze #aching. A checklist of the items the
students will be assessed with (simulation andipiafchoice questions) will be used
by the raters as teaching rubric to insure sintylasf the content during the teaching
procedures. Each item will be scored as coverewbrSee Appendix C.
Assessment Procedures

Human Fidelity Simulation has been used extensiteehssess management of
a malignant hyperthermia crisis (Boulet et al.,208enrichs, et al., 2009; Murray et
al., 2007). However, results from a study by Mordaleave-Hogg, Guest, and Herold

(2001) indicated that a complex multitask simulaognario could be somewhat
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challenging at the undergraduate level. Thus, perdoce template of the current
study involves a single patient management prolaely, giving the students
opportunity to focus their problem solving abilgiéAs per our interest is the long term
effects of the teaching procedures, the assesgmecgss will take place
approximately one month following the experimemégching procedures.

Orientation to simulation. The students as a group are going to be introduced
to the simulator mannequin and the monitors instheulation room. The mannequin
will be in a state of awake spontaneously breathiings will give the students the
chance to observe the monitors with normal vitghsi(blood pressure, oxygen
saturation, and electrocardiogram). The investigatl allow the students during this
time to ask questions regarding simulation, butragarding malignant hyperthermia.
Then the student group will witness the investigdEmonstrate management of a
scenario of bronchospasm. This will give the stislanchance to see the mannequin
reacting to a crisis where oxygen saturation deseg®alowly and intra-thoracic
pressures increases accompanied by wheezing ahést. These symptoms will
improve and return to normal when the investigatiministers epinephrine
intravenously.

Then the students will be asked to return to thesctoom as a group. They
will be given the following instructions: (a) pleasemember to communicate with the
personnel in the control room if anything doesmake sense to you, and (b) please
think out loud during the assessment so we caregeod if needed. One student will

be randomly picked to be assessed next and so forth
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Anaphylaxis scenario.Each student will be assessed separately by being
asked to go to the simulation mannequin room. Taphylaxis scenario will serve to
familiarize the student with the environment, anthést done without the student
knowledge beforehand. This scenario will not besetdped or rated. A printed
handout sheet of information containing the pertirtestory, physical exam, and
laboratory findings will be given to the studentllBwing checking the student’s
preparedness and all equipments, the mannequisimilllate a patient under general
anesthesia for a leg surgery. The monitors willshormal vital signs with a patient
under general anesthesia. The student will theassked by the surgeon actor in the
simulation room to administer 2 ml of a muscle xalat intravenously. Thirty seconds
following the administration of muscle relaxant tmannequin will manifest with
anaphylaxis symptoms. These symptoms will includierease heart rate, decreased
blood pressure, increased intra-thoracic pressutechest wheezing. This scenario
will be terminated a minute later regardless ofgtglent’'s management.

Next, the student will be asked to wait in the Wwal while the investigator
and one assistant set up the simulator for theahagsessment. This set-up includes 3
main steps: (a) a scenario of malignant hypertreessil be reloaded on the computer
that controls the mannequin, (b) two ceiling vidamneras that record the action of the
student will be positioned to capture the studeming) the assessment, and (c) the
audio that connects the control room with the mgomreroom will be checked for
functionality. The controlling computer is locatedthe control room that connects to

the mannequin room through a one-way mirror.
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Malignant hyperthermia scenario. The student will then be asked to enter
the simulation room to care for a different patigkprinted handout sheet of
information containing the pertinent history, plogdiexam, and laboratory findings
will be given to the student. Following checking tstudent’s and equipments’
preparedness, the mannequin will simulate a patiedér general anesthesia for a leg
surgery. A minute later, the student will be askgdhe acting surgeon to administer a
muscle relaxant (succinylcholine). A minute latee mannequin will present with
manifestation of malignant hyperthermia episodes Wll include increased end-tidal
carbon dioxide, increased blood pressure, andaseheart rate. The student’s
management will be recorded using the video camértes experiment will then end
in five minutes and the student will be asked av&the simulation center.

The cycle will be then repeated with a differenident until all students have
been assessed. Students who have been exposadhmgeor assessment will be
asked to not share their experience with any athatents participating in the study.

Standardized performance evaluationEach student will be asked to sign a
consent form to be videotaped and the tape to &lyzed. Each malignant
hyperthermia performance will be videotaped andn@ed on a four-quadrant screen
that includes two separate video views of the studed the mannequin. Two
microphones will be suspended from the ceilingaptare audio during the scenario.
The third screen of the four-quadrant video recayds the simultaneous full display
of patient vital signs (electrocardiogram, pulsévetry, inspired and expired gas

monitoring, and blood pressure). In the lower righ&drant of the screen, identifying
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information such as the date and student will Ispldiyed. This quadrant of the screen
could also be used to add information to clarifgtipgpant actions during the scenario.
Similar to other studies on simulation (Morganlet2001), the general
approach to scoring the scenario will include twalgtic methods (checklist and
essential action) and a single global rating sd¢abe the analytic scoring, two trained
anesthesiologists will score each student’s perdmoe separately using a detailed
checklist of diagnostic and therapeutic actions amdbbreviated checklist system
that consists of three essential actions for te@&co. In a previous study, a list of
technical actions and point values for a maligriperthermia scenario were created
and used (Gaba et al., 1998). The checklist scaystem included two essential
actions and 33 possible actions totaling 95 poanis, each action was weighted based
on its importance with respect to overall patieariec The checklist action that we will
use is a modification of the checklist action tvas used by Gaba et al. In our
checklist, we have deleted some of the actions bhedgdaba et al. as we concluded
that these actions are above and beyond the exipestaf a medical student. Our
checklist scoring system will include three ess#rctions and 12 possible actions
totaling 50 points (Table-1). A subject who miss&s essential actions or more by the
two raters will be considered “deficient” and thads will be scored as zero. The
rater anesthesiologists will also provide a sirggtéal rating of the performance on a
scale of 0-10, where zero is very bad and 10 iglee@. The anesthesiologists will be
blinded to students’ assignment groups (inquirgxgosition). The final score of the

assessment will be recorded as the mean scorettitwvo assessments.
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Additionally, a third rater anesthesiologist wi# lvailable to analyze videotapes for
any dispute in results.
Table 1

Checklist Scoring System for malignant hyperthersuanario.

Action Point Value

Initiation of MH protocol

-Diagnose MH or notify surgeon EA
-Request MH box 5
-Calls for help 5
-Terminate triggering agent within 1 minute EA

Dantrolene administration
-Administer dantrolene within 10 minutes EA

-Administer dantrolene 2.5 mg/kg 10

Ventilation and oxygenation
-Uses 100% oxygen
-Hyperventilate by ventilator

-Clears triggering agent with high flow

o o1 o1 O

-Disconnects from ventilator and uses Ambu-bag

Requests blood gas or potassium levels 5

Cooling action of any kind 5

The checklist includes three essential actions (&#) 12 possible actions totaling 50 points.
Multiple-choice test. Students in each group will be asked to take a 15
minutes/15 item multiple-choice test prior to (pest) and immediately following the

teaching procedures (post-test). The same questioasged differently will be

125



repeated prior to the simulation assessment oneémtater (post/post-test). See
Appendix D.
Statistical Procedures

Data will be analyzed and compared between thermsaiment groups, inquiry
and exposition. A-value less than 0.05 will indicate that there sgmificant
difference between the two groups. An interratbaldity analysis using the Kappa
statistic will be performed to determine consisiebetween raters. For each of the
scoring systems (simulator checklist, multiple-cleoguestions test, and global
rating), an independent-samptdsst will be used to test the null hypothesis thate
will be no differences in performance between the groups. Pearson correlation
coefficient will be used to test any correlatiotvibeen performance on simulation and
performance on multiple-choice question test onatm&llowing teaching
procedures.
Risks and Benefits to Participants

Minimal risks to subjects include: (a) total tinjgest in participating in the
study, which will be 3-4 hours (Table —II), (b) exjencing simulation and testing that
could cause anxiety to some students, (c) potestiglety for students who are
planning to apply into Anesthesiology and are dfthat this experience will
influence any of the program’s future opinion abiw@m. On the other hand, there are
many benefits to the students participating: (ajaasing the amount of knowledge
from teaching, (b) experiencing simulation sessind learning from it, (c) and

monitorial benefit.
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Table 2

Estimated time for conduction of investigation.

Time (minutes) Process
15 Multiple choice pre-test
60 Learning procedure
15 Multiple choice post-test
10 Introduction to simulator
15 Multiple choice post/post-test
5 Bronchospasm scenario
5 Set up for a student
5 Anaphylaxis scenario
5 Set up for real assessment
5 Malignant hyperthermia scenario
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Appendix B

Malignant Hyperthermia Lesson Plan
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Malignant Hyperthermia Lesson Plan

Concept: Malignant hyperthermia is a genetic disorder whaeneutation in the
ryanodine receptors on the sarcoplasmic reticulauses, when stimulated by
anesthetic gas or succinylcholine, a massive relebmtracellular calcium that may
lead to death if untreated.

Format: Learning cycle presented formally with data on popoint slides and
discussion during each phase of the learning cycle.

Students: 3 and 4" year medical students.

School: University of Oklahoma College of Medicine/Depagtmh of Anesthesiology.
Teacher: Faculty in Anesthesiology.

The lesson plan includes: a) teacher’s guide,ugestt’s guide and c) two real

patients’ cases with multiple-choice tests.
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Teacher’s Guide
Malignant Hyperthermia is a genetic disorder wreerautation in the
ryanodine receptors on the sarcoplasmic reticulanses, when stimulated by
anesthetic gas or succinylcholine, a massive relebmtracellular calcium that may
lead to death if untreated. This lesson shoulahtce third and fourth year medical
students to the concept of malignant hyperthermmdgrstanding the
pathophysiology, diagnosis, and treatment. Theoleg$an is a learning cycle with

three phases: exploration, explanation, and expansi
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|. Exploration

Slide 2

Muscle Contraction

All students should have been to the physiologyblefore and know the chart
of muscle force related to time where continuesition to a muscle fiber causes
contraction (force). The teacher should try tmstate a discussion when showing
this slide to make sure all students are on theegaage. Question such as “who can
explain to us this figure?” could be helpful torsthe discussion. Teacher should also
be analyzing students’ behaviors to make sure @neyngaged and enthusiastic about
the discussion. This slide should take 2-3 minutes.

Slide 3

Muscle Fatigue
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This slide is an extension to the previous one. &l@x a focus on muscle fatigue
should present here. Teacher should expect stutteaiplain in their own words how
intracellular calcium depletion contributes to taggue effects. Teacher should not
move on before students get to this conclusionaldiem effect on normal muscle is
an important concept for the students’ understandfrthe concept. Teachers should
then ask what substance was injected that lecetintitease in the force despite
muscle fatigue. This slide should also take 2-3utas.

Slide 4

Muscle Fatigue
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This slide is summary of the last 2 slides and eélp the students understand
the relation of intracellular calcium, and muscudation and fatigue. The teacher

should also emphasize on the effects of caffeinmwacellular calcium.
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Slide 5

Muscle Action

This is the last slide in the exploration phadee Teacher should spend extra
time on this slide as it is very important to thlarstanding of the concept. The
teacher should help the students explain this cieatgd intracellular process.
Concentration on the ryanodine receptors shoule pédce. Why are those receptors
important? What happen if we have a mutation is¢h@ceptors? With questions like
this the teacher should be able to lead the staderstate the concept of anesthetic
effects on the mutated receptors in their own woftiss slide should take around 5

minutes.
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ll. Explanation

Slide 6

Malignant Hyperthermia
Pathophysiology

The teacher can mention in more details why ryareockceptors are important
in malignant hyperthermia (pathophysiology of tieedse) and how anesthetic gases
affect these receptors.

Slide 7

This slide focuses more on the symptoms of MH ftbeunderstanding of the
disease. The teacher should expect the studentsriitton some of the symptoms

from their understanding of the previous slidesr@ased Cg acidosis, muscle
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rigidity, and heat) and the teacher then mentiteeiosymptoms such as hypoxia and
hyperventilation.

Slide 8

Diagnosis

» Clinical symptoms
= Caffeine/halothane contracture test
= Genetic testing

Diagnosing MH with the focus on the gold standast (caffeine contracture
test) should relate the disease back to slide I3 thié effects of caffeine on increased
intracellular calcium.

Slides 9-10

Treatment Treatment

= Have a plan! = Bicarbonate 1-2 mg/kg as needed
= Discontinue inhalation agents = Get additional help
= Avoid Succinylcholine = Cool patient: gastric lavage, surface, wound

» Hyperventilate with 100% 02 = Treat arrhythmias-do not use calcium channel
= Dantrolene 2.5mg/kg Push. Repeat PRN blockers

= Arterial or venous blood gases, electrolytes,
coagulation studies

Treatment of an MH episode gives the studentgbettderstanding of what to
expect when dealing with the disease. Main focukhbeion essential items such as

discontinue triggering agent and administer daatrel
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Slide 11

Dantrolene

= The only specific treatment for MH

= Administer as soon as diagnosis made

= 20mg/bottle-dissolve with 60ml sterile water
= Shake vigorously or warm bottles to dissolve
s Give 2.5mg/kg STAT

» Repeat as needed to control signs of MH

Due to the importance of dantrolene, this slide gite in details all

information needed to use it during malignant htpemia episode.
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lll. Expansion

Slide 12

The most:sensitivendndaisefulmenitor for the
early diagnesis of ashypermetabolic-event is:

A- EKG

B- Temperaturenmonitor
C- ETCO2

D- Pulsecoximeter

E- Bloodpressure:momnitor

Slide 12 should be a simple way of assessing tidests’ understanding of
the concept. The teacher then distribute the habhdvhbich has 2 different sections.
One that has a clinical case related to MH withuBtiple choices questions that the
students should read. This case will alert theesitglto the importance of the concept
and the disease as a life threatening one. Thendgaart of the handout is the most
recent information regarding the disease with tlagrbsis and treatment. This
handout will serve also as a reference the stuaramtsise in the future. The teacher
can continue the expansion when working with thidetts individually in the
operating room. Before ending the class, the teasiimuld asses the understanding of

the students and investigate and deficiency irr t@nprehension to the concept.
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Student’s Guide

|. Exploration

During slides 2,3,4, and 5 the students shouldgmgadiscussion regarding
the effects of intracellular calcium and the roley@anodine receptors in regulating the
release of calcium. They also should develop aa aehow is this can be related to
the anesthetics they use in administering anesth€ke student should follow the
directions of the teacher and pay attention tchihes he/she gives during this time to
reach the concept. When reaching the concept timyld mention it in their own
words.
Il. Explanation

The students should share their observation onque\knowledge regarding
the intracellular calcium with the class. The studeshould pay attention to the
teacher’s explanation of the effects of generattaic on the mutated ryanodine
receptors. They should be able to construct themktedge based on the teacher’s
explanation and previous experiences or readingstdbe concept.
lll. Expansion

The students have the responsibility to go oventhgerials the teacher
distributed to expand on their understanding ofigmaint hyperthermia and its relation
to anesthetic gases. While reading the case pexkehe student should try to answer
the multiple-choice questions before reading theati@e to asses their
understandings of how devastating the disease &#@mbt fully understood. They
should then read the latest on diagnosing andrigeatalignant hyperthermia. Next

time the student work with the instructor, theydoengage in discussion regarding
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the materials (using all the appropriate termingjdg cover any gaps in

understanding the concept.
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Case One

Elevated Temperature following Masseter Spasm

28 y/o female, 38 weeks gestation, without anyicant previous medical history
presented for stat c-section. The patient underaeatgeneral anesthetic previously
for tonsillectomy without complications. Additiomgl family history is negative for
MH or any other metabolic disease.

General anesthesia was performed and the patienindaced with propofol and
succinycholine (rapid sequence induction). Follapaaiministering succinycholine,
patient developed masseter spasm that preventeihgdger mouth. However, mask
ventilation was adequate for few minutes where imopening was possible and
tracheal intubation was achieved. Maintenance e$tresia was achieved with
propofol IV infusion and nitrous oxide; inhalatiagent was not used. The patient
remained stable during the procedure and increaseddCO2, temperature, HR did
not occur. The patient lost 1000 of blood but dad require blood transfusion. At the
end of surgery, the trachea was extubated andatienp was transferred to the PACU
stable and awake and alert.

One hour later, the patient temperature increas&8.6 C°, but the patient was still
awake and alert with stable vital signs. Blood was normal with PCO2 of 30 mmHg
and BE of -4.

1) All of the following trigger an MH episode imisceptible patientsxcept
A. Sevoflurane
B. Halothane
C. Succinycholine
D

. Nitrous oxide

2) When faced with a masseter spasm, the anestresiaer should do all the
following excep®

A. Ventilate with a face mask
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B. Tracheal intubation
C. Discontinue all triggering agents
D. Monitor the patient in the recovery room fondurs at least

E. Check for myoglobinuria in 6-12 hours

3) What is the best action that should be takeherrecovery room now?

A. Administer dantrolene 2.5 mg/kg IV

B. Actively cool the patient

C. Continue monitoring

D. Administer antibiotics for pneumonia
4) What is currently considered to be the “golchdtad” for diagnosing MH
susceptibility?

A. Molecular genetic testing

B. Halothane-caffeine contracture testing

C. Masseter muscle rigidity with hypercarbia

D. 3-fold rise in CK following a rapid intraoperatitvemperature elevation
5) Caffeine halothane contracture testing is indidan all the following

excepr

A. Clinical history suspicions for malignant hygestmia
B. A first-degree relative of a patient with docurtedd MH
C. Unexplained muscular rigidity with MH suspicion

D. Sudden cardiac arrest on induction of anesthesia

150



Narrative:

1)

2)

3)

4)

5)

Halogenated agents and succinycholine are theprdymacological
triggering agents of MH episode. Nitrous oxide,qmiml and narcotics are
considered safe.

AnswerD

Masseter (jaw) muscle rigidity (MMR) may occur aftee administration of
succinycholine, particularly in children. MMR sidies MH in approximately
15% of casesNhen a patient develops MMR, triggering agents shdd be
discontinued and ventilation should be establishedith a face maskas
direct tracheal intubation is impossible due tdosed mouth.

AnswerB

This is a tough question as no clear indicatiomMbff episode is available.
Although the patient had a masseter spasm followiraginycholine
administration (now with 15% chance of developing)Mbut the temperature
could not be explained by other reasons. | belibaeany elevation in
temperature following masseter spasm should beettesss MH episode.
AnswerA

Currently, halothane-caffeine contracture testsngansidered the best test
with regard to sensitivity and specificity for dragsing MH susceptibility.
However, since only 6 centers in North Americarrently administer the test
(for which a fresh muscle specimen is required),tést is not available to
most patients with suspected MH susceptibility.

AnswerB

Currently, than vitro contracture test (IVCT) is the gold standard for
diagnosing MH. However, the IVCT is very expensiraguires a surgical
procedure that can only be performed on-site inafrapproximately 10
specialized testing centers in the US, and has $a8sitivity and 78%
specificity. ConsequentlyyYCT is only indicated in patients who have had
clinical episodes and (possibly) their immediate faily members. Sudden
cardiac arrest on induction of general anesthesiaost likely an indication for
arrhythmias and not MH. This patient was recommdrdée referred to a
testing

AnswerD

151



Case Two

Scoliosis Surgery without Triggering Agent

14 y/o boy with CP presented for spinal fusion (I§-under general anesthesia and
somatosensory and motor evoked potential monitofiihg boy was diagnosed with
MH when he was exposed to GA for tonsillectomyhaligh the diagnosis was never
confirmed with muscle biopsy or contracture test.

Following flushing the anesthesia machine for 2@utes and disconnecting the gas
vaporizers, anesthesia was induced with propofdlteatheal intubation was
achieved. Anesthesia was maintained with propafdlsufentanil. Four hours later,
ETCO2 was suddenly elevated with loss of motor edgiotential and tachycardia.
Blood gas obtained was as follows: PH: 7.05, PG92nmHg, PO2: 89 mmHg,
HCO3: 18 mEqg/dl, BE: -10. Temperature was normal.

1) What is your diagnosis?
A- Definitely MH
B- Probably MH
C- Definitely not MH as triggering agent was nsed

D- I'm not sure

2) What action should be taken first?
A- Administer dantrolene 2.5 mg/kg IV

B- Actively cool the patient
C- Continue monitoring

D- Send CPK and liver enzyme
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3) The most sensitive and useful monitor for thdyediagnosis of a
hypermetabolic event is:

A- EKG

B- Temperature monitor
C- ETCO2

D- Pulse oximeter

E- Blood pressure monitor

4) What diseases are associated with MH?
A- King-Denborough Syndrome
B- Minicore myopathy
C- Central Core Disease

D- All of the above

5) Should dantrolene be administered followingithigal dose and for how
long?

A- Yes as 1 mg/kg every 6 hours for 24 hours atlea

B- Yes, if the symptoms come back

C- No, first dose is usually enough

D- No as dantrolene is a long acting drug (24 hbaitlife)
Narrative:

1) Suddenrise in ETCO2 in a patient with previousdmsof anesthetic
complication is MH until proven otherwise, espdgi# PCO2 does not
improve with increasing ventilation. It is cleaattstress and surgery may
initiate an MH episode in MH susceptible individaialithout pharmacological
triggering agents.

AnswerA
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2) Actively cooling the patient and sending blood iwod work (CPK, BUN,
Cr, and Liver enzymes) are part of the treatmenafoMH episode. However,
the firstline of therapy is dantrolene @ 2.5 mg/Kg IV. Tduse can be
repeated at 1 mg/kg. Continue monitoring is alway®ption, but the early
MH is treated the better the results are.
AnswerA

3) Earlyrise in ETCOZ2 is the most sensitive indicatba hypermetabolic state.
All other monitors help in detecting MH episodet they are not as sensitive
as ETCO2. Increase in temperature is usually asigte
AnswerC

4) All three diseases are associated with MH as aheifn have defect on the
same gene (RYRL1) just like MH.
AnswerD

5) Following administering an initial dose of dantmdewith good response, it is
always advisable to administer it as 1 mg/kg eéempurs as MH symptoms
may reoccur. The decision is always difficult whka trachea is not intubated
as dantrolene cause muscle weakness includingaésyi muscles. Clinical
judgment is always a key with close observatiothefpatient in ICU sittings.
AnswerA
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Appendix C

Slide Presentation for Exposition Teaching
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Slide Presentation for Exposition Teaching

Slide 1

Mohanad Shukry, MD
Associate Professor
Departmenl of Aneslheslology

Outline

* Whatis MH

« Diagnostic tests for MH

— Muscle contracture test
— Genetic testing

MH susceptible

* MH & overheating
+ Miscellaneous

* Questions

* Summary

&g
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Malignont Hyperthermia Associfion

S“de 3 = MMWM//\

MH

Malignant hyperthermia is an inherited disorder of skeletal
muscle triggered in susceptibles (human or animal) in
most instances by inhalation agents, and/or
succinylcholine resulting in hypermetabolism, skeletal
muscle damage, hyperthermia and death if untreated

hé8c2
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MH

Malignant hyperthermia is an inherited disorder of skeletal
muscle triggered in susceptibles (human or animal) in
most instances by inhalation agents, and/or
succinylcholine resulting in hypermetabolism, skeletal
muscle damage, hyperthermia and death if untreated
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"Moignont Hyperthermia Associafion
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MH

Malignant hyperthermia is an inherited disorder of skeletal
muscle triggered in susceptibles (human or animal) in
most instances by inhalation agents, and/or
succinylcholine resulting in hypermetabolism, skeletal
muscle damage, hyperthermia and death if untreated
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Malignont Hyperthermia Associfion

S“de 6 = MMWM//\

MH

Malignant hyperthermia is an inherited disorder of skeletal
muscle triggered in susceptibles (human or animal) in
most instances by inhalation agents, and/or
succinylcholine resulting in hypermetabolism, skeletal
muscle damage, hyperthermia and death if untreated
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MH

Inherited component
Triggered by pharmacologic agents, possibly
by heat/exercise

Sustained, significant hypermetabolism
Abnormal handling of intracellular calcium levels

Q), ®§ )4

.

"Moignont Hyperthermia Associafion

siide 8 FEYEEE

Presentation of MH

« The classic case

« Masseter muscle rigidity

« Associated with muscle disorders
« MH without anesthesia

88 2
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Malignont Hyperthermia Associfion

S“de 9 = MMWM//\

The Classic Case Presentation

+ Muscle rigidity

+ Acidosis

« Elevations of potassium level
« Cardiac rhythm disturbance
* Muscle breakdown

« High fever

$22

e
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10

Early Clinical Findings

« Tachycardia, tachypnea and hypertension

* Hypercarbia

« Greatly increased minute ventilation

« Generalized muscle rigidity unresponsive to NDMR

« Cardiac arrhythmia

e 2

.

"Moignont Hyperthermia Associafion
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Trigger Agents for MH

MH Trigger Agents Not MH Triggers
. hetic gas (eg. . agents
sevoflurane, desflurane) « Opioids
* Succinylcholine +  Non-depolarizing muscle
relaxants
+ Ketamine
« Propofol
* Anxiolytics

,‘z eﬁ ,2»
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Treatment

« Stop inhalation anesthetic
« Avoid succinylcholine

« Dantrolene

$22

e

# Hyperthemia Associafion

"Maignon
of the Uniked Staes

Treatment of MH

+ Have a plan!

« Call for help

e 2

.

"Moignont Hyperthermia Associafion
of the Uniked Stes

Stop MH Process

« Discontinue all inhalation agents and succinylcholine

« Hyperventilate with 100% O, at > 10 I/min via a clean
breathing circuit

« Use an Ambu bag and an O, cylinder initially

« Stop surgery if possible. Otherwise maintain anesthesia
with intravenous agents such as propofol

« Dantrolene 2.5 mg/kg. Repeat doses of 1 mg/kg

« Cool patient: gastric lavage, surface, wound

n ©
VOB o
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Monitoring

« ECG, Sp0,, ETCO,

« Invasive arterial BP, CVP, core and peripheral
temperature, urine output

« PH, arterial blood gases, central mixed venous blood
gas, potassium

+ Hematocrit, platelets, clotting factors

« Creatine kinase (peaks at 12-24 hours)

$22
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Treat the Effects of MH

« Hypoxemia and acidosis: 100% O,, hyperventilate,
sodium bicarbonate

« Hyperkalemia: glucose and insulin, sodium bicarbonate,
i.v calcium chloride if significant cardiac effects

« Cardiac arrhythmias: procainamide, Mg, amiodarone,
lidocaine. Avoid Ca channel blockers

« DIC: fresh frozen plasma, cryoprecipitate, platelets

e 2

.

"Moignont Hyperthermia Associafion
of the Uniked Stes

Initial Laboratory Assessment

* ABG, VBG

« Elctrolytes with glucose

« Creatinine and BUN

+ CBC with plateletes

+ PT,PTT,CK

+ Serum and urine myoglbine

88 2
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Dantrolene

« The only specific treatment for MH

+ Administer as soon as diagnosis made

« 20 mg/bottle-dissolve with 60 ml sterile water

« Shake vigorously or warm bottles to dissolve

* Give 2.5mg/kg STAT

« Repeat as needed to control signs of MH

« Prophylaxis with dantrolene is NOT recommended
+ Can be given to a pregnant woman

) ®§ -4
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Diagnosis
« Clinical symptoms
« Caffeine/halothane contracture test

+ Genetic testing

82 2

"Moignont Hyperthermia Associafion

of the Uniked Stes

Diagnostic Tests for MH

+ Current Concepts:
Halothane-caffeine contracture test is the only gold standard

« Current Investigations:
- Molecular genetics
- Calcium flux measurement in cultured muscle cells
- Local increase in PCO2 following IM caffeine
- EMG changes in MH patients

,‘z eﬁ ,2»
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Contracture Test
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Contracture Test & Muscle Biopsy

Extremely sensitive to detect MH

Negative biopsy grants that the patient and his/her
offspring are negative

Positive biopsy means 50% of the offspring are positive
also

15% of positive biopsies are false

e 2
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S||de ofthe Unied Stes

23

Problems with Contracture Test

.

Fresh muscle needed: invasive

Difficult to standardize completely
Difficult to develop knowns and unknowns
How to interpret in face of myopathy
Expensive!

Few, widely scattered biopsy centers

%22
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Muscle Biopsy Centers

Bethesda, MD

Los Angeles, CA
Minneapolis, MN
Davis, CA

Winston Salem, NC

bee 2

.
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Is MH Always Hereditary?

MH is dominantly inherited in humans

.

.

Closed related members of a family in which MH
occurred must be considered MHS

Previous exposure to general anesthesia without
complications does NOT rule out MH

.

Any family with anesthetic death or complication should
ALWAYS inform their anesthesiologist

e

.

"Moignont Hyperthermia Associafion

of the Uniked Stes

Genetics of MH

Very complicated

Two genes involved in MH susceptibility

MH has been associated with 30 mutations (RYR1)

.

MHAUS is diligently doing research to establish a lab for
the development of a molecular genetic test for
susceptibility to MH
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Slide
27
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Slide

28 Molecular Genetic Testing

« Analysis of DNA to determine if it harbors specific
mutation associated with a disease

« DNA can be extracted from cells found in blood
« Non invasive

« Not as expensive

- O

.

"Moignont Hyperthermia Associafion

Slide @ Fialhlson

29

Who should Get Genetic Testing?

+ Relatives of MHS person with known mutation
« Absence of the mutation does NOT exclude MH

« Only 30% of all known patients are found to have one of
the mutations that has been described

%22
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MH Susceptible Patients (MHS)

Determine MHS by
— Contracture test
— Definite/almost definite by MH Score

.

RYR search for mutation(s)

— If mutation present, test other family members for the
mutation

— If mutation is not there, cannot screen family for mutations

r determine MH status
e ©
PINS W
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H & Stress, Overheating and
Excessive Exercise

Symptoms of heat exertion are similar to MH

Majority of patients with heat-related illness are NOT MHS

Heat stroke may occur more often in MH-susceptible
individuals

MH susceptible should be prudent in their exposure to
excessive heat and exercise in hot environments

175N
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Dantrolene

« Prophylaxis with dantrolene is NOT recommended

+ Can be given to a pregnant woman
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Minor Surgery & MH

Minor surgeries under local anesthesia have been safe
for MHS

Facilities that perform surgeries under general
anesthesia should be prepared to deal with MH episode

.

# Hyperthemia Associafion
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Hospitals & MH

Academic centers and Children's hospitals are more
likely to be prepared to deal with MH

Anesthesiologists and Nurse Anesthetists are more likely
to know more about MH than other health care providers

e 2

"Moignont Hyperthermia Associafion
of the Uniked Stes

MHS & Operating Room Environment

« Low concentration of anesthetic do NOT trigger MH
episode

« OR environment has very low concentration of anesthetics

« Stay 2 feet away from inhalation induction

,‘z eﬁ ,2»
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MH and other Serious llinesses

+ MH is not connected to Diabetes or High blood pressure

+ MH like events have happened in patients with muscular

dystrophy or myotonia

« Patients with muscular dystrophy may develop a life

e

threatening condition (rhabdomyolysis) when exposed to
succinylcholine

$22
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Central Core Disease & MH

« Inherited disorder with varied manifestation
« Mutation on RYR1
« Patients with CCD are high risk for MH

« Diagnosis is by muscle biopsy

e 2

"Moignont Hyperthermia Associafion
of the Uniked Stes

MH & Blood Donation

* MH is not carried in the blood

« Patients with MH are safe to donate blood
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Preventing MH

Detection of MHS before surgery

.

MHS patients and their families should communicate that to
their health care provider (Anesthesiologists)

MHS should be treated in facilities prepared to deal with MH

MHS should always wear identifications materials

?‘ %2
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"Maignon
of the Uniked Staes

Question?
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"Moignont Hyperthermia Associafion
of the Uniked Stes

Summary

+ MH is a metabolic myopathy affecting skeletal muscle
+ MH effects all ages and races
+ MH appears to be more common in children than adults

« All potent inhalation agents and succinylcholine are the
triggers for Mi

« Inheritance of MH in humans is autosomal dominant

88 2
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Summary

The defect in MH is an increase in calcium inside the
skeletal muscle cells

.

Although hyperthermia is a late sign of MH, itis an
important confirmatory sign in some cases

MH may appear at any time during anesthesia and in the
early part of the recovery period

$22
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Summary

Prompt treatment with dantrolene effectively treats MH

.

.

The only accepted diagnostic test is the halothane-
caffeine contracture test

MH testing indicated in patients with clinical episodes
and their family members

.

Hellp and assistance are available from MHAUS and the
hotlin:

82 2
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Rubric to Evaluate Teaching Procedures
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Rubric to Evaluate Teaching Procedures

The teaching procedure covers all the following\)Y/

- Clinical diagnosing of MH episode

- MH triggers

- Drug treatment of MH

- Management of MH crisis including:
= Notify surgeon
= Request MH box
= Terminate triggering agent within 1 minute
= Calls for help
= Administer dantrolene 2.5 mg/kg
= Administer dantrolene within 10 minutes
= Uses 100% oxygen
= Clears triggering agent with high flow
= Hyperventilate by ventilator
= Disconnects from ventilator and uses Ambu-bag
= Requests blood gas or potassium levels
= Cooling action of any kind

- Sensitive monitor for early MH diagnosis

- Dantrolene’s mechanism of action in treating MH

- Indication of caffeine halothane contracture tegtin

- Limitations of caffeine halothane contracture tagti

- Gold standards for diagnosing MH

- Management of masseter spasm

- Diseases associated with MH
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Multiple-Choice Test

Caffeine halothane contracture testing is indicateall the followingexcep®

A. Clinical history suspicious for malignant hypertimest

B. A first-degree relative of a patient with documehtealignant
hyperthermia

C. Unexplained muscular rigidity with malignant hygetmia suspicion
D. Sudden cardiac arrest on induction of anesthesia

All of the following trigger an malignant hypertmeia episode in susceptible
patientsexcep®

A. Sevoflurane

B. Halothane

C. Succinylcholine
D. Nitrous oxide

What is currently considered to be the “gold stadtfor diagnosing
malignant hyperthermia susceptibility?

A. Molecular genetic testing

B. Halothane-caffeine contracture testing

C. Masseter muscle rigidity with hypercarbia

D. 3-fold rise in CK following a rapid intraoperativemperature
elevation

The most sensitive and useful monitor for the edidgnosis of a malignant
hyperthermia is?

EKG

Temperature monitor
Exhaled CQ

Pulse oximeter

Blood pressure monitor

moowz
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10.

When faced with a master spasm, the anesthesialprashould do all the
following excep®

Ventilate with a face mask

Administer succinylcholine

Discontinue all triggering agents

Monitor the patient in the recovery room for 4 roat least
Check for myoglobinuria in 6-12 hours

moowz

The principle treatment of malignant hyperthernsia i

A. Dantrolene

B. Iced normal saline
C. Oxygen

D. Verapamil

Dantrolene is all of the followingxcept?

A. Decreases calcium ion release from sarcoplasniauhein

B. May alleviate chronic muscle spasticity

C. May lead to hepatic dysfunction during long-ternmamistration
D. May cause severe hyperkalemia

Intraoperative events that correlate with the op$etsuspected malignant
hyperthermia episode include all the followiexcept?

Progressive mixed acidosis

Unexplained tachycardia

Rising end-tidal pC@at fixed minute ventilation
Hypokalemia

oowp

Limitations affecting performance of contracturstiieg for malignant
hyperthermia include?

A. Need for fresh skeletal muscle

B. Existence of multiple chromosome sites of the hugemetic defect
C. Need for testing known MH-susceptible individuadscantrols

D. Availability in only 100 test centers in the US

Characteristics of malignant hyperthermia inclulli¢he following except?

A. Autosomal dominant genetic transmission

B. Association with central core myopathy

C. Improved survival after the introduction of dan&oé
D. Triggering by local anesthetics
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11. At preoperative evaluation, which of the followiMDST strongly increases

12.

13.

14.

15.

the probability of a subsequent intraoperative hygemic event?

Increased resting CPK concentrations

History of temperature increase during general thessa
Familial history of an intraoperative hyperthemieet.
History of intraoperative muscle rigidity and hyparbia with
postoperative

Massively increased CPK concentrations

oOow>

m

Which of the following is NOT a trigger for maligniahyperthermia?

A. Succinylcholine
B. Halothane
C. desflurane
D. Ketamine

Which of the following is most clearly associatethwnalignant
hyperthermia?

A. Central core disease
B. Bilateral strabismus
C. Myotonia congenital
D. Down's syndome

Desflurane should be avoided in patients with exdhe followingexcept?

Central core disease

Family history of malignant hyperthermia
Neuroleptic malignant syndrome

Marked masseter muscle rigidity

oowp

Low or normal ETCQwould be unusual during an intraoperative episufde
malignant hyperthermia?

A. True
B. False
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Answers

1.

10.

11.

12.

13.

14.

15.

Answer D

Answer D

Answer B

Answer C

Answer B

Answer A

Answer D

Answer D

Answer A

Answer D

Answer D

Answer D

Answer A

Answer C

Answer A
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