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ABSTRACT

EVALUATION OF AN EYE TRACKING DEVICE APPLICATION TO
INCREASE ERROR RECOVERY BY NURSING STUDENTS USING HUMAN
PATIENT SIMULATION
February 2010
YAN SHEN, M.S., UNIVERSITY OF MASSACHUSETTS AMHERST

Directed by: Professor Donald Fisher

This study evaluates the application of an eye tracking dewicaursing
education. An experiment is designed to test the effectivendke efye tracking device
used as a tool for providing instructional feedback in error ideatific and recovery by
nursing students undertaking tasks in a simulated clinical settimg. ekperiment is
performed on three groups of nursing students. In the first phase, all greupsted in a
simulated clinical scenario and their eye movements are retasieg an eye tracking
device. In the second phase, #saluation only group (control group) gets instructors’

feedback regarding their performance without referring back teeyketracker record.

The eye tracker only group (experimental group A) is provided with a video of their eye

movements which was recorded during their first simulatedcesegrbut receives no
feedback from the instructors. Tleembined group (experimental group B) is provided
with both instructors’ evaluations and their eye movement video. ¥inallthe last
phase, all the groups are tested once again in the simulatechlckeittings. Their
performance is observed and compared to determine their relafiveviements. Based

on these improvements, it will be possible to determine whetheyeatracking device



by itself or in combination with evaluation serves as a helpfuluastnal source during

nursing education.
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CHAPTER 1

INTRODUCTION AND LITERATURE REVIEW

1.1 Background

In today’s America, with the increases in the aging population atienps’
demand for new medical services, medical science and technslatpveloping much
faster than ever before. However, in the health care delisgstem it is normally
difficult to ensure that applications which quickly follow from thosedl@pments are
implemented with full attention given to their safety [1]. Theitust of Medicine's 1999
groundbreaking report "To Err Is Human" estimated that thexe44,000 to 98,000
people who died every year due to medical error [2]. This numbeemshegher than the
deaths due to motor vehicle accidents (43,458), breast cancer (42,291 S0(141516)
[3].

It should be noted that not all medical errors result in actual ba patients, but
all medical errors are potentially costly. And the total cbshedical errors is staggering.
It is estimated that the cost of remediating adverse evéfieistiag inpatients due to
medical errors is around 2 billion per year [4]. And this cost, whagpens during the
time the patient stays in hospital, is only a small proportion oftated costs since
medical error occurs not only in hospitals, but also in outpatient calirgenters,
physician offices, clinics, retail pharmacies, and nursing horaegmng others. In
addition, medical errors are also costly because they argatssiowith opportunity costs

and other costs due to the loss of trust toward medical systems.



Therefore, it is of considerable importance to reduce the occer@nmedical
errors. The reduction of medical errors not only saves livesalsat improves the
efficiency of medical systems.

1.1.1 Nurses’ Role in Emergency Department

Medical error occurs due to the failure to take the correatracti make the right
decision to achieve a given purpose. Errors may happen in all stadgesltf care
procedures: diagnosis, treatment, and prevention. High error rate®r@ous sadverse
consequences are more likely to occur in emergency departm®&s}p die to the fast-
pace, constantly changing demands, and crowded environment. In ian €ady [5],
Sucov, et. al., classified the medical errors in the ED based aratises of the errors.
There were 32% due to diagnosis and treatment mistakes, 25% duenwm@oation
errors, 24% due to system delays, and 11% due to medication dfrora.the study of
Fordycc et. al. [6], it is known that 40% of errors are repdrtedurses. Also, Henneman,
et. al.observed that among the 47% of reported Emergency Departmentthaibese
recovered, the majority (60%) are recovered by nurses [7]. Aaléhhwmare provider,
nurses play important roles in insuring patient safety and pregeadiverse effects due
to medical errors.

1.1.2 Theoretical Model for Nursing Error Recovery

In order to explore the mechanism of medical error prevention byesjutise
Eindhoven model was introduced to investigate a “near miss” eventti] model was
originally proposed for application in the chemical process industen,Tihwas applied
to other settings and used to classify medical errors in hea¢hsystems. This model

suggests a role for nurses in error recovery which includesfidegt interrupting, and



correcting medical errors. In this role, nurses could transformniaity negative
outcomes into “near-miss” situations, in which the patient is notatedaby the error.
This model suggests that medical errors may result from tadhfailures, human
operator failures and organizational failures. Also, this model arthat the developed
incident (triggered by the three failures) may or may not teaah adverse outcome to
the patient. Human recovery of errors is one of the safe meclamisitnansform a
potentially negative outcome into a near miss situation. Asigeyefs to recover errors,
nurses play a crucial role here to stop or prevent the adverse effects [9].
1.1.3 Strategies Used by Nurses to Recover Medical Errors

In the literature, Elizabeth Henneman has reported a studiheofefficient
mechanisms and strategies that nurses can employ to recovamé&dicel errors in the
emergency department [10]. In her study, twenty nurses witleast 6 month’s
experience were recruited to participate. Questions were askafdmng the role of
nurses in an Emergency Department. The questions can be categorized enphaisies of
error recovery, namely error identification, error interruptaord error correction. All
response were recorded and studied. After that, each responsenagsed and
summarized according to the three categories of stratedpéimed above: identifying
errors, interrupting errors and correcting errors.

From the perspective of error identification, it is stated thate are five most
efficient methods that can be used to identify errors in an Emergency Departm

1) Surveillance: Nurses should expect that potential problems hbéyeenter

ED:;



2) Anticipation: Nurses should be on alert to the potential errors titegngo to
patients;

3) Double checking: Nurses should check patient identifiers, askansgscheck
medication dosages, etc.;

4) Awareness of the big picture: Nurses should always considdtDhas a
place where potential errors prevail and be aware of any abnormal events in ED

5) Experiential knowing: Nurses should use their previous experiénce
recognize something different from normal or expected scenarios.

From the perspectives of error interruptions, the article arthatgt is easy for
nurses to interrupt errors in the ED, especially for highly eepeed and confident
nurses. There are five most commonly used methods to interrupt errors:

1) Patient advocacy: Nurses interrupt errors to protect thenfstgomething
with which they are all well aware;

2) Offer of assistance: Nurses provide patients with recomrtiendaand
guestions (this is shown to improve the safety);

3) Clarification: Nurses clarify any written or oral comnuation if it is not clear;
clarification is often used when nurses are unsure of the treatment plan;

4) Verbal interruption: Nurses use specific verbal warningsnterrupt an
activity when there was a potential error; and

5) Creation of delay: Nurse may slow a process to interruptrran. éNurses
should delay an activity until getting necessary supplies, personnel or equpment

In this study, it is shown that most of the errors are recoverademntification

and interruption in the early stage. There are only a few exsmyiere error correction



occurred while the actual error was in progress. The stratégieorrect errors depend
considerably for their success on a strong team and leadershiyg gii@inning and
delivery process.

From the study of Elizabeth Henneman, it can be observed that bypyemgpl
correct methods nurses can prevent and stop medical errors. Alsadentdrcation is a
crucial stage where most of the medical errors can be prevehterefore, proper
training of nursing students to identify potential medical erreg of significant

importance in nursing education.

1.2 My Study

It is shown in the previous section that nurses play a crutelr preventing the
adverse effects due to medical errors. Therefore, trainingugusgidents how to provide
safe and effective care is an efficient method to decreadeah errors, especially when
the focus is on error identification. In the nursing student's educatiwre is a
significant amount of on-field training or number of simulatedichl exercises. This
training is used to get the students familiar with the bestipeacduring treatment. In
this training, feedback is normally given to the students. Thabiek is used to correct
any mistakes that occurred during the students’ practice. Theréfierproper strategy of
giving feedback during nursing education is of considerable importance.

In my thesis study, | am going to evaluate the most efficiay which can be
used to give feedback in current nursing student training. During tlsngustudent
training, it is hard to accurately determine the focus of huntentein. Therefore, it is

difficult to evaluate nursing students’ performance and give thedbéek according to



their individual performance. In my study, | am going to introduce \&lnmethod to
give feedback. This method involves the application of new technologyising
research, an eye tracking device. In the study, eye trackincedeare used to record the
eye movements of nursing students during their clinical peactind the eye movement
records are given to the students as a form of feedback. In my stoaye conducted
experiments to compare the effectiveness of different feedback strateqi
1.3 Literature Review

There have been a number of earlier studies on proper methods to conduct nursing
student education. Also, with the advance of technology, the educatiethbds
themselves develop rapidly. Nursing educators have started to use eomput
programming, simulation in virtual environments, and other high technologgedeto
train nursing students. In the next subsections, errors frequently itechtoy nursing
students are discussed. Also, some proposed educational methods fraraspséwilies
are discussed. Specifically, in the first subsection, a previouy stghrding the
common errors of nursing students during their education is intrdduée the next
subsection, a study of how to design the specifications to improve aheditety is
introduced. Then, in a final subsection, a simulation method is discussed, which is used in
nursing education to recover medical errors.
1.3.1 Common Errors for Nursing Students

In [10], common errors committed by nursing students are studiedtypbs of
medical errors include technical failure, human operator failuleoaganizational failure.
In nursing education, the primary focus is to reduce human opeadtoe$. There are

three categories of human operator failures: knowledge-based, sidtl-bad rule-based.



These three different types of failures are thus classified based on thdifferent types
of behaviors. Knowledge-based behavior occurs when people perform aaskelhen
previous knowledge or experience cannot be applied. Therefore, in ditesgons,
completely conscious control is expected to be applied. Knowledge-leaors are due
to the lack of knowledge during a decision making situation. Durivgy rursing
education, nursing students are generally provided with clear ifistrsiand relevant
knowledge before field practice or human performance simulation. foheré will be
assumed that nursing students have the requisite knowledge and knowlestherbars
are not likely to occur. Skill-based behaviors are routine activiteaducted
automatically and do not require allocation of attention. Rule-basedvibehaare
typically based on rules that can be verbalized or clearlyetkfih person performs rule-
based behavior when he or she undertakes certain tasks followingrarule or
procedure. For example, in nursing practice, nurses are expectatbwo d systematic
verification system when confirming a patient’s identificatiofiobe surgery. If errors
occur in this stage due to not following the procedure, it is a rseebarror. On the
other hand, skill-based behavior progresses without conscious attentiamg Dursing
education, nursing students perform tasks after given clear imstruegarding the best-
practice to follow. Therefore, skilled-based errors ars lg®ly to occur. As a result,
rule-based error is the type of error which mostly occurs dumimging education. And
in most reports of research about nursing education, they focus on rule-based errors
In the study reported in [10], a clinical experiment is perfatmb the
experiment, there are 50 senior nursing students participating gintldation exercise.

They all have previous experience assessing patients and adnmgistedication in the



simulation lab. Also, they were given an understanding of the requireddune@s before
the simulation exercises. There are two designed simulatioarsag In the first one, an
elderly patient with congestive heart failure (CHF) afteblood transfusion needs
nursing help. In the second one, a patient with chest pain followmgtar vehicle
accident (MVA) needs medical attention. Each nursing student patedi in one of the
two simulation scenarios. In the study, they were evaluatedulietbased errors which
include four categories: coordination, verification, monitoring and intéio@n Errors in
coordination include failures to communicate with the doctor, the pat@mntheir
families. Errors in verification include failures to confirntipats’ identification or their
allergy information. Errors in monitoring can be failure to cdtyemonitor patient
assessment information or negligence of any abnormal findingstsEn intervention
include delay in treatment or failure to provide appropriate treatment.

In this study [10], video tapes are recorded during the experimeaid \Rere
collected from video tapes to show the four categories of rukdbagors as well as
errors recovered by the nursing student. The results show thagrtbr frequencies
between the CHF group and MVA group are not significantly differalso, from the
results, it is clear that errors occurred most frequently irvéniéication category. More
than 80% of experimental subjects failed to verify a patient’s identdicand around 70%
of the participants failed to verify the patient’s allergi@ésother frequently occurring
error is coordination errors related to the interaction with gheyss (CHF, 80%; MVA,
56%). For example, in CHF 80% subjects failed to communicate witlphlgsician
clearly regarding the complete assessment of a patrespsratory status. And the least

frequent errors are coordination errors related to the interagtibrpatients and families



(CHF, 28%; MVA, 8%). For example, in MVA only 8% of subjects faitedstop a
conversation with family members when they initiated therapipatients. The errors of
monitoring and intervention are ranked intermediate between cooafinatrors and
verification errors. Furthermore, the results show that studebitsth simulations have a
low ability to recover errors embedded into the simulation (14%).

In the discussion section of this paper [10], the author arguethéhedsults from
this study show that patient safety is related to the vetiticaof patient identification
and allergy information. In this study, although students were taoglheck the patients’
identification and allergy before the simulation exercise, mogteostudents still neglect
to do such during the simulation exercise. It suggests that tlagocgitof rule-based
errors might be improved by the practice of human patient siioldHPS) since
performance is nowhere near ceiling. Regarding another common(esoydination),
this study shows that student nurses frequently called physiciémsutvknowing the
important patient information (such as patient’s full name and see@s). Also, this
inefficiency in communication would lead to adverse outcomes. Tipisrpacommends
using a systematic communication template to improve the abilitye nursing student
to efficiently communicate with physicians.

There are also some limitations in this study [10]. The exmatins performed
with only a small group of people. And the scenario design may not beageneugh.
Therefore, the result should be generalized to a hospital settingawition. Also, it is
discussed in this paper that the accuracy of some evaluatioatedréd verification

errors) is questionable because the attention of students can only be vagueiinddter



The study provides considerable background and information for my stusty. F
this paper provides me some suggestions regarding the simulatiorss#mat might be
used. It is discussed in this paper that failures in patient &rdahistory identification
are common among nursing students. Therefore, in my study, sces@idsliberately
designed to test whether these identifications have been perforemzhdS the paper
concludes that nursing education can be improved by using HPS. In myy Istuitl be
determining whether a particular type of feedback stratedyHS can decrease errors.
Last but not least, the limitation of the previous work includes tiaEcuracy in
determining the gaze of nursing students to a particular locationgdilme experiment.
In my study, | have proposed to use eye tracking devices to hekp thad problem. |
want to show that a head mounted eye tracking device worn during RiSe cén
accurately determine the focus of human attention which can theretafisr the HPS
to provide efficient feedback to the nursing students. However, atcesvén order.
Specifically, note that | will be able to determine from thfsrmation whether a nursing
student did not attend to some information (if they do not look, then dreyotattend).
However, strictly speaking | will not be able to determine whetherindividual who
looks at a particular piece of information actually attended to (processedjahmeation.
1.3.2 Property Specifications Design for Medical Safety Improvement

Traditionally, in nursing education, informal process descriptions (sscthea
usage of checklists) are frequently used during medical educatiomptove the safety
of healthcare processes. In [11], Elizabeth Henneman proposed a rfevd toetmprove
the safety of current medical training. During her studthefeducational practices in the

blood transfusion process, she states that informal process dessripnly show

10



standard (or desired) conditions rather than some exceptionseinvairds, traditionally
the education procedures only identify the correct flow durindpétadthcare process. But
the procedures fail to consider all the possible scenarios dureagoriactice. Also,
conventionally, the educational procedure is focused primarily orejusinerating the
steps in the correct behavior (such as completing all the egesteps on the checklist).
Therefore, sometimes, the underlying purpose of each correct behlwing the
practice is not clear or emphasized. In addition, during the traditioeelthcare
education, the different terminologies are likely to result in coofusTherefore, it is
important to introduce a systematic terminology in healthcare education.

In [11], Elizabeth Henneman introduces a formal process definition@a®f the
systematic methods to improve the quality of healthcare mesesn formal process
definition, computer programming languages are used to describeottespmwhich is
best for patient safety. She uses a case study of blood tiansfssan example to show
how computer programming languages can be applied in formal prdeésgion.
During blood transfusion to a patient, the delay and complexity girtteess may affect
patient safety. Therefore, the author introduces two computer teelnigumprove the
safety of patient care processes, namely the formal defirof a process and the formal
definition of the properties of a process.

As discussed early, formal definitions of a process provide ansggteflow of
the training practice. The flow diagram includes not only the cobehavior but also the
likely happenings during a wrong practice.

A formal definition of the properties is used to describe the parpbgach best

behavior during the process, which improves the safety of patierditidnally, in

11



healthcare, people usually get training based on the policigh@mprdocedures which are
often not stated in enough detail to make it clear to the individual what eisacttyuired.
In that case, the healthcare provider may easily misintetbeegoal of the process.
Therefore, the process might be executed incorrectly. In thehaso, any
misunderstanding or confusion regarding the terminology or even sayhe dlanges
with respect to the training scenario is likely to result in fengaractices during
healthcare. Therefore, providing formal definitions of the propertiespaed to the
traditional method, not only identifies the correct behaviors whied e be followed,
but also clearly states the underlying purpose of each cdrebatvior. In [11], it shows
us an example of the difference between the formal definitionzragerties and the
procedure checklist method during blood transfusion. In the procedure cheeiinid,
each must-follow behavior is explicitly listed, such as “vesitieat informed consent has
been obtained.” And in the property specification, besides suggestingustefollow
behavior, the purpose of this behavior is also explained. For examgie, sarme above-
mentioned scenario, during formal definitions of properties, instructdhbge given as
“before performing a blood transfusion for a patient, make surg#ti&nts have agreed
to a certain procedure in writing such as a consent form so &mifg the treatment and
avoid any legal issues.” Through comparing these two statementsptte‘verify” in
the statement of checklist does not clearly indicate what musetiged. While, the
statement of property specification clearly shows that themas required to agree to
the procedure before blood transfusion. And a legal documentation is required.

In [11], it also recommends several steps to formally defipeoperty. First,

abstract goals need to be identified. It is argued that defihiemguhderlying purpose

12



during the practices of healthcare using computer techniqueshalange for healthcare
experts and computer scientists. Either of them needs to beiafamiith some
background knowledge to which they don’t have much exposure before stantikign
healthcare. In this paper, a useful approach to fill this gaptrsduced. It is explained
that the definition of the underlying purpose during healthcare prammcede obtained
through improving an existing healthcare training process and tyidigcuss the reason
for the improvements. During this process, the underlying purposeshedoetter
understood. For the case of blood transfusion studied in this paper [11], hthroug
identifying some possible errors, which may happen during the prafesdood
transfusion, it can be found that the purpose of all the bestqadthaviors is to make
sure the right type of blood is being transfused to the right paexcond, the property
needs to be stated clearly. One problem which may affect theaagamf the statement is
that a terminology could be used to describe different concepts x&ompke, the term
“transfusion” could be used to describe the single unit of blood produny bdused.
Also, it could be used to describe the entire transfusion process wwbiades multiple
units of blood products. Another problem is that the same process coulddoibetd by
different terms. For example, the term “unit” could be used totisuteseither “blood
product” or “bag of blood”. Third, the property needs to be formalized¢clwimeans
translating the property into mathematical formulas. Fourth, theag be several
properties (underlying purposes) for one process step. In this studg, possible ways
to organize these properties are discussed. For example, pibffesties associated with
the same terminology can be put together in a group. For exanipllee groperties

describing a unit of blood product could be shown in one group.
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As a conclusion, this paper [11] focuses on two important techniquegtovien
patient safety, the formal definition of a process and the fodeéinition of the
properties of a process. The definition of process describes thengrdé tasks and
possible exceptional conditions. And the definition of properties stagesinderlying
purpose of each task.

In summary, this paper [11] provides a method of healthcare trairsimgy
computer techniques. From a case study, it shows possible methods to define atisystem
training process. The suggested training method (such as definysgeanatic training
procedure and stating the purpose of each best practice) isesamatiie technique in
nursing education. This paper provides me with more background regardistgttref-
art education theories regarding nursing education. In the next sobsemtother
training method for nursing education is introduced.

1.3.3 Application of Human Patient Simulation in Nursing Education

In [12], a novel training method, related to Human Patient Simulati®&){His
introduced for nursing student education. Traditionally, in order to helngusgidents
become familiar with the complexity and reality in clinicattings, case studies and
computer simulators are commonly used as teaching tools [13, 14]. HowWmse tools
neglect the reaction among nurses, patients, patients’ famiyphysicians. Therefore,
HPS shows its advantages in mimicking the reality in clingettings. With the
popularity of HPS, recently, HPS was even recognized as a poter@ihbdology to
improve patient safety in nursing education. However, there are fautiqgad cases

regarding using HPS in nursing education to improve safety. Therefof&2], the
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author shares her practical experience regarding a specditario in HPS to teach
nursing students some critical safety skills.

The simulation scenario in [12] includes a patient complaining ab@st @ain
after a motor vehicle accident (MVA). Nursing students are@ggdedo participate in the
assessment and brief treatment of this patient. Before thdasiom, nursing students
receive an orientation to the simulation settings. After, tthety are provided with an
introduction regarding the simulation exercise. In order to providesedululearning
experience for the students, nursing instructors who were assigried students are
expected to give consistent instructions, which could help students & gtsistent
learning experience. Also, this simulation exercise consissfe participant actors,
such as patients, patients’ relatives and physicians. Each adqravided with specific
guidelines, regarding his or her role and anticipated response dhangpnversation
with students, to guarantee the consistency of the simulation.

The simulation center is equipped with both routine and emergency supplies.
Instructors are provided with specific instructions on how to sethepstmulation
scenario. This setup includes some embedded errors in the scenadeteByining
whether those errors are identified and corrected, the nursing stugerftemance
during clinical treatment can be assessed. The mannequin (i.e., then atient
simulator) was programmed to represent the specific physialogarameters of the
patient. Also, there is a monitor in the clinical setting which plewifeedback to the
nursing students regarding the results of their treatment.

In this study, the author states that there are two cripigiglts which affect the

learning experience of the nursing students. One is the degr@fcess, which allows
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instructors to review specific students’ behaviors. Another itimsistency within the
experiment (such as the consistency of instruction as discus$gd &lso, since patient
safety plays an important role in nursing education, the experihseetaario is designed
to target patient safety. There are some embedded errohe iMYA scenario. For
example, in the MVA scenario, the patient's allergy band issimgs Also, the
intravenous pump is set at the wrong rate. Nursing studentsgatieeceto identify these
embedded errors during the exercise. Also, during the simulatiorigxenursing
students need to avoid some other errors during their assessment of the patient.

Finally, this paper [12] shows that HPS simulation can be used toagwahe
competency of nursing students. However, there are some clesllahgt are
encountered while undertaking the evaluation in this study. For exathplevaluator
may also be required to perform as an actor in the simulatiocisxef herefore, it's
difficult to focus on all the behaviors of students. Also, the simulstedario may vary
depending on the different decisions made by students. Therefore, to minimizedhe vari
of the exercises, it is important to define specific objectisegach step in the exercises.
Also, there are expected behaviors from the nursing students insezgph of the
exercises. And the students’ performance is assessed based opebed behavior.
Therefore, the evaluation of students’ performance is considerable subjective

This work offers some good detailed knowledge regarding scenasignge
experimental procedures, and performance evaluation in HPS. gusdaim this paper
that the consistency of instruction is of significant importancehm experimental
procedure. Therefore, during our proposed study, guidelines are defnethd

conversations/interactions between nursing students and individualsgplatiier roles
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(which include patients, medical physicians and etc.) in the sioilsd as to provide a
consistent experimental scenario. Also, as observed in this papsrjniportant to
minimize the variety of activities in which the participantgy@ge during the exercises.
Therefore, specific steps are defined in my proposed experitbeguide nursing
students from one objective to another. More importantly, in thigwios observed that
it is challenging for the instructors to perform the dutiebaih actors and evaluators in
the HPS exercises. Therefore, to reduce the possibility @f @nd inconsistency, in my
proposed experiment, the role of actors and evaluators are separdtpérformed by
different people.

1.3.4 Importance of Error Training and Feedback

To better understand the importance of feedback and error training dursigg
education, some background regarding error training and feedbadiseussed in this
section.

Formal training usually involves learning new knowledge, skills, attitudes or other
characteristics in one environment (the training situation) #watbe applied or used in
another environment (the performance situation) [15]. Feedback fromutheme of
practice plays an important role in training. Feedback not only prowdesnation
regarding the learner’s performance, but also informs the leabwt the underlying
structure of task.

“Transfer of training” refers to the application of knowledge andsskdlarned
from practice to performance situations. There are two typdsaon$fers: analogical

transfer and adaptive transfer.
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Analogical transfer involves using past experience from alitanproblem to
solve a problem of the exactly same type [16]. It could be pogdrwvesfer or negative
transfer. Positive transfer occurs when the rules or siestagderlying the training
situation could be applied to an analogous problem since these tatiosis share a
common underlying structures. On the other hand, negative transfer oduemnsthe
rules and strategies can not be applied to another situation becausedidems have
similar superficial feature, but underlying structures aféemint. Positive transfer is
enhanced and negative transfer is decreased if individuals aredltovdevelop a more
general understanding of a concept which omits superficial diffese [17]. Errors
encountered in training could help learners to understand the concepts ugderlyi
problem and motivate the further learning of these concepts.n&pative feedback
provided by errors could stimulate learners to stop their actions, look for thearcs#-of
errors, and generate the solutions. Also, errors help define the cootonmse abstract
schemata [18]. For example, in driver training, when a learnerthgtscurb during
reverse parking, it could provide the learner with further informatgmarding the limit
of lateral distance moved during parking. Besides developing theaetbsthemata,
errors could also improve analogous transfer from one situation tbeanibtin the
transfer situation similar errors and their solutions weréekedd. It is stated in [19] that
errors are stored in memory along with reasons for the faslarthat their retrieval is
facilitated.

Adaptive transfer is applied to solve the non-analogous problems. Adaptive
transfer involves using the existing knowledge base to genesatateon to a completely

new problem [20]. Unlike analogous transfer, adaptive transfer not reglyires an
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individual to understand of the underlying structures of tasks, butratggres the
individual to develop meta-cognitive skills which include recognitionhef changes in
situations, modifications of the solution strategy and evaluationrdiega the

effectiveness of the revised solution. To improve the meta-cogskills, learners need
to be trained in active problem-solving rather than only in mentaizeor direct

instruction. Therefore, errors from the training are good opportundieaprove meta-
cognitive skills. Errors could help learners to recognize why titeeseoccurred and how
they can be solved. In addition, learners need to solve new protetheir own during

adaptive transfers.

There are two ways to teach using errors, namely erroirtggand guided error
training. In error training, learners are allowed to make eraod feedback is given on
the mistakes they made. It is an effective method to improveeaictvolvement of
learners and increase their meta-cognitive skills. The disadyeantaerror training is that
the errors committed by trainees are different. Sometimes, traim@esot make an error
which otherwise would be instructive. Therefore, there is a lilortao what can be
learned from error training. In guided error training, examplesr@irs made by others
are presented together with the solutions to overcome thess. dtroot only provides
systematically informational feedback (which means alltthanees receive the same
feedback), but also offers abstract rules and underlying priscthl®ugh analogous
transfer in training. However, it is not a good way to impraweta-cognitive skills
during the guided error training.

In order to explore the effectiveness of learning form ef&ir] conducted two

experiments to investigate the effects of error training andeg error training in a
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driving simulation. In the first experiment, the authors compargén®mrmance of two
groups, the error training group and the errorless learning groepe(ia no error
designed in the training). The result shows that error training grage significantly
more improvement in analogous test than errorless learning group, #is error
training group effectively applied their knowledge and createdisoiiin a new and
different driving situation. In the second experiment, the perfocenaof guided error
training group and errorless learning group (there is no error matle video) are
compared. The results show that the performance of guided errongrgirmup is only
marginally better than that of the errorless learning group in dagmes test. Also, there
is no difference in an adaptive test between the two groupscénuded in this study
that error training is more effective than guided error training and essdri@ning.

In my proposed study, | am going to use the method of error tgaiather than
guided error training. The purpose of my study is to evaluateesthtive effectiveness of
different feedback methods during nursing training on the performahagursing
students. Through the training, | hope the participants can solve thenpsot@evhich
they are exposed rather than learn by memorization. Thereforey iexperimental
design, | am going to train nursing students under the practicerigsemdich are
embedded with errors in HPS. Feedback is provided for all the tsaiAed finally the
students are to be tested regarding their performance usingaonuscenarios other
than the one used in the training. Therefore, error training is applied in my study
1.4 Eye Tracking Devices and Their Applications

An eye tracking device is used to measure eye position and @y&mant. Eye

tracking is a technique to measure an individual’'s eye movementssarchers know
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where the person looks at any given time and the sequence in whigyetisaifts from
one location to another [23]. Eye tracking technology was first useshding research
over 100 years ago [22]. Eye movements provide an insight into nfeate, search
strategies, problem solving and many other aspects of cognitionfdreetéere are a lot
of applications of eye tracking devices in human factors, humarfacgeedesign, and
cognitive ergonomics. In these applications, an eye tracking system cahib pne of
two categories according to the purposes: diagnostic and inter@3jvén its diagnostic
role, the eye tracking device provides objective and quantitative eeiddritie user’s
visual and overt attention process. For example, in the studyuaf wspection [24], an
expert inspector's eye movements may exhibit a systemadtermpavhich can be used to
train novice inspectors. In marketing research, an eye trackwigedean be used to
explore what advertisement design will attract most attefiéh From an interactive
perspective, the eye tracking device serves as an input devicentekactive system
interacts with users based on the observed eye movements withaeethef mouse or
keyboard inputs. This can be a great advantage for disabled individuals.

Eye tracking devices are also widely used in medicalysaeinjamin Law used
an eye tracker in a simulated laparoscopic training sygietompare the eye pattern of
experienced and novice laparoscopic surgeons [26]. Through analysis ofyghe e
movement data from the two groups, it is apparent that experiemggbas require less
feedback (i.e., make fewer eye movements) than novice surgdsasF. Jacob Seagull
used an eye tracking device in a surgery room to find the ey@ment patterns of
surgeons during the time they look at the monitor display. This prouwdgghis into

how to design the displays [27].
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In addition to the above-mentioned application of eye-tracking derbads) L.
Henneman used eye trackers to study the most common errors dlthgdre [28]. He
found that providers (physicians) in an Emergency Department tegiaiee verification
of patients’ identities during computer entry of lab tests fromridten sheet. This
common error might lead to adverse outcomes in the follow up haadtiservices. In
this paper, the author studied whether patients’ identificatiorvegnough attention in
clinical settings. An eye-tracking device is used to measure the freqaled@ccuracy of
ID verification by medical providers during the computerized provioeler entry
(CPOE) process. It is observed that ID errors are frequigmibyed and patients’ IDs are
inadequately verified during CPOE.

In this study [28], the eye-tracking device is used to show provideys’
movements. And the study is conducted in the emergency departmenwitB2yound
100,000 patients annually. Computerized provider order entry (CPOE) madgused
by providers in the ED. In the experiment, the participants knowyidracking device
is used to record their eye movements. However, they are nah®ldevice is used to
evaluate their attention on patients’ identification. It is thus danas to assess the real
performance of the participants. Participants read the studyiptesc first. Then the
eye-tracking device is placed on the participants’ heads anoratad. After that,
participants were asked to review 10 charts (scenarios). Ths atwuld be either
handwritten patients’ names and DOBs or patients’ informationislaldnich include
names, DOBs and medical record numbers (MRNS). These patientsthe Emergency
Department. Participants need to select the patient from a computadlistder tests for

each patient. Two of ten charts have embedded ID errors (tleatp® information on
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the charts does not match that on the computer, for example, egantly name but
different dates of birth or medical record numbers. One of thena lp@tential error (the
patient ID information can be exactly matched to the patigedli® computer; however,
the last names are identical whereas the first namesoses e.g., Jim Smith on the chart
and James Smith in the computer). Besides the eye tracking dihace is a person who
observes the behaviors of the participants in the experiment. Toreledceye-tracking
videos were reviewed by two other people independently after theraepérThese two
people determined whether participants have focused their eye moseomespecific
items. A third reviewer combined the results from first two eexsrs to resolve any
difference if there exists. Following Joint Commission standahds participants are
expected to look at name, DOB and MRN before selecting a patentthe computer
list. Also, the participants are expected to look at names, DBHRNs before ordering
test for the patients.

In this study [28], there are totally 25 participants in the erpant. Fourteen
percent of the eye-tracking data is considered to be invalid and hehessed in the
analysis. For the two error scenarios (a total of 25 x 2 paient scenarios), only three
participants detected the ID errors and stopped during the expe(Bedt One could
ask whether this was because the participants failed to look, ardeetteey looked, but
did not see. Video records of eye movements were not availabldl foaracipants.
However, of the eight participants who verified patient ID on tteen as indicated by
the eye movement record, only two of them caught the error. The itherissed the
error. Thus, it is clear that very few participants look forgmtiD and of those who

looked, very few actually caught the error.
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For the eight scenarios without ID errors, all the subjectsteelethe correct
patient even though in one scenario two patients have the samartestind similar first
name. None of the participants verified patient ID by looking atenand MRN before
selecting the patients on the screen. Only 23% of the participanted patient ID by
looking at the name and one or both of DOB and MRN before ordering test.

As discussed in this paper, medical providers often make patiemtdi3 euring
CPOE. Also, from the eye tracker data, the author found, even thoughrtlugpant has
looked at the patient identifiers, they often fail to attend toimh@rmation, thereby
making the same errors that they did even when they did not lookadtthe relevant
information. Computerized provider order entry (CPOE) is recommended by tihadns
of Medicine to improve medical safety. However, in the meantime, CPOE aisduo¢s
opportunities for errors (such as failure of correct identibcdt Therefore, it is argued
in the paper that there not only needs to be an improvement inothidegys’ training, but
also there needs to be an improvement in the system and proces® sui@isnize the
errors. The eye tracking device used in this study helps reseanehderstand the eye
movements of providers when selecting a patient. More importarsilyg eye-tracking
devices, it is observed that even though providers may look at the pdeefitying
information, they still failed to identify the errors. This islaar case where the provider
looks but does not attend. Assuming that the same general probleenfoansrses as
arise for doctors in a similar setting, the above study raises the impoofgregng extra
attention to patients’ ID verification during nursing education.

These previous studies give us a good background regarding how to use eye

tracking devices in medical care study. Eye-tracking dewioedd help researcher to
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further understand the eye-movements of participants, and, in pantitulsee whether
they performed ID identification [28]. This provides another wayterithe attention of
the participant, a way which does not have the disadvantage of thetisipjef
traditional methods (observing the behaviors of participant through huyes). e
However, in [28], it also shows that even though healthcare provideked at the
patients’ IDs, they might still fail to identify the errors. Té#re, in my proposed studies,
| need to design embedded errors in the experiment scenariofp tashénd whether
experiment participants really identify errors (rather tbaly look at the right position
during experiment). Also, in [28], it is argued that failure @frect patient identification
is a common error during clinical settings. Improving theuemcy of patient
identification is one of the safety goals which reduce medrcaisee Appropriate patient
identifiers include the identification of full name, date of birth, anedical record
number. It is important to confirm the identification of patientherefore, nursing
training should be tuned so as to reduce this potential error. sl in my experiment,
| have deliberately designed the scenarios in a way that emghadbke role of patient
identification. | have focused the criteria on the good practice dupagent
identification.
1.5 My Contribution in the Study

In the study of nursing student education, educators start to usen lpanent
simulation (HPS) as an effective technique to teach nursingnétudad evaluate their
performance. However, it is difficult to determine to what mgstudents attend during
the conduct of an experiment. Therefore, eye tracking provides ebjelzta regarding

subjects’ visual interaction with the system. In my proposed stugian to use eye
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tracking devices as a means to provide feedback to nursing studenthatr HPS. By
comparing their own gaze focus and the expected practice, natagents who receive
feedback are expected to have a more effective education. Tieetaf contributions of
my proposed study include:

e The application of eye tracking devices during a clinical exercise with&tH

provide feedback in nursing education; and

e The experimental study of the effectiveness of feedback based on eyegracki

results in nursing education.

In the following section of this paper, | am going to introducestagy in detail.
The experimental design, data collection, data analysis andsreselidiscussed in the

following section.
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CHAPTER 2

EXPERIMENT

2.1 Introduction

In this project, | will study the effectiveness of using an egeking device in
nursing education to provide feedback to students about the errors thamnaaey
Conventionally, in nursing education, oral instructions and personal féettoac the
instructor are provided during practice to educate students about the costquiloices
for nurses. This kind of method depends considerably on instructors’ peespeailence
and observations. Therefore, it is significantly subjective.

In my proposed study, eye tracking devices are used to monitor ydhe
movements of nursing students during their practice of various prosedhiebelieved
that eye movements can be related to the focus of mental atterii the very least, |
will know that if someone does not fixate a given piece of information or equipthent
did not attend to it. Therefore, | propose the application of eykitrg devices as an
effective source of feedback in nursing education. Through eyerigadkvices, the eye
movements during practice can be recorded. This record can provide Studdnt
personalized feedback. Through this feedback, students can poteetatiywhere they
should improve and what the best-practices are.

To evaluate the effectiveness of the application of eye tracld@uges in nursing
education, my study is performed on three groups of nursing studertis. first phase,
all groups are tested in a simulated clinical scenario. Therasio evaluates nurses’

performance during patient identification and patient monitoring. Irsitnelation, bad
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practices or errors from nursing students will be observed and rddoyden instructor.
Also, the eye movements are recorded using the eye tracking daftier the simulation,
in the second phase, the first group gets instructors’ feedback regamingetrformance
(the evaluation only group). It should be noted that this feedback is not given atrtiee ti
the nurses are performing the simulation. But rather, the feedbgoken in one setting
after the simulation. The feedback is based on instructor's obs&watluring the
experiment. It can be based on the actions nursing students performed, (foregkaag!
movements or attention focus), or messages nursing students d#ligemot based on a
review of the eye tracker record by the instructor. Thersggroup is provided with a
video of their eye movements during their first simulatieye (tracker only group).
However, no instructors’ feedback is given to the second groupthifdegroup will be
provided with both instructors’ evaluations and their eye movement vimbeabiied
group). The information that the instructor provided is same dedldéack given in the
evaluation only group. Finally, in the last phase, all the groupseatedt once again in
the simulated clinical settings. Their performance is obseamddcompared to determine
their relative improvements. Based on these improvements, the besati@caicmethods
can be determined.
2.2 Study Hypothesis

Before the experiments, it was believed the following hypothesiald be
observed. Specifically, it was hypothesized that the following would hold:

Hypothesis 1: The combined group would perform better than the other two

groups.
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The associated null hypothesis is that the combined groups’ perimensano different
from either the evaluation only or eye tracker only groups.

During the second phase of the experiment, both instructors’ feedback end ey
movement records are provided to the combined group. Therefore, itagdaethat the
students in this group can take the most advantage of the feedbackanh&mpare the
best-practices (from the instructors’ feedback) with their owimater. Hence, they
would be able to identify the right improvements on their own.

It was also hypothesized that the eye movement only feedback growld w
perform better than the instructor only feedback group. Specificaliyas hypothesized
that the eye movement only group which gets feedback from the eye emveitieo
would perform better than the instructor only feedback group that igstictors’
evaluation only. This hypothesis might be controversial. Howevisragsumed that the
students have some prior knowledge of the best-practices in Clstueaarios. The
instructors’ feedback only re-enforces their knowledge. However eylee movement
video can provide them with another perspective. From this pengpetitie students
have a more clear understanding of their own behavior during practiceth@refore,
they should be able to identify their own wrong behavior in clinietlrngs. Again, this
argument is controversial and needs to be further validated in our experiments.

2.3 Method
2.3.1 Participants

There are 47 subjects registered for the experiment. All of #nrersenior nursing

students at the University of Massachusetts at Amherst. Theréfa believed that they

have some previous knowledge regarding the best-practices in thgeamedepartment.
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These 47 students are randomly assigned to three groups. Duringénenent, there
were only 38 students that showed up. Besides that, seven studemsi\araents were
not successfully recorded by eye-tracker. Therefore, in thehene were 13 subjects in
eye-tracker only group, 9 subjects in evaluation only group and 9 subjeximbined
group.

It is worthwhile to mention again that the first group gets onistructors’
feedback regarding their performance in the second phase ofptbeneent. To simplify
our explanation, from here on, this group is called evaluation-only giichg.second
group is provided with the video of their eye movements. From herghigngroup is
called eye-tracker-only group. The third group will be provided with bnstructors’
evaluations and their eye movement video. Again from here on, this grougntioned
as combined group.

2.3.2 Experimental Environment:

Clinical simulation is used in this experiment. The clinicaiisgt which is called
the simulation center, is equipped with both routine and emergencyingesipplies. In
this simulation, a human patient model is included as part of thieatlsetting. The
patient model lies on the emergency bed as shown in Figure 1. &nhactor sits behind
a one way transparent window. In this setting, the human actorclearly see the
behavior of the test subjects, i.e., the nursing students. Howevé&sstiseibjects can not
see the human actor. The human actor made conversation with theltestssin
different roles, which include the patient, the doctor and even thetagcrén this
experimental setting, the test subjects (nursing students) interact with the patient

model lying on the bed. For example, the nursing students need to inttbdotselves,
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check the patient’'s name, birth date, and allergy history as wadindism the medication
order. The human actor, behind the window, answered all questions aed carithe
conversation according to some specific guidelines and recommessjgahse. In the
experimental setting, medical errors were deliberately intedluéor example, the
patient’s name was misspelled on physician’s order, but not on the patient'sdD ba
2.3.3 Scenario Design:

In this study, four scenarios were designed. All these scenaeidsased on real
cases in the emergency department. In each scenario, poterdral and pitfalls are
included so as to test the participants’ responses. The embeddsdireeach scenario
are similar. They are mostly from the same medical eatagory, which is related to the
patient identification. In the section below, | will describe each scemadetail.
2.3.3.1 Scenario 1:

In this scenario, patient Michelle Green has an altered ¢éw®nsciousness after
falling off from her bicycle. She is waiting for a CT scan in the emergdepgrtment. In
this case, the experimental participant (nursing student) ciontwehe emergency room.
He/she is provided with the scenario information sheet as shown in Table 1.

The performance of the nursing students was evaluated accardhmgfbllowing
criteria):

e Do the emergency room self-preparation (which includes washing hands);

e Introduce him/herself to the patient (which includes healthcard’svor
name and identification);

e Inquire about the patient’s identification and medical history (which

includes patient’s name, date of birth, allergy history, etc.); and
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e Double check the patient’s identification and medical order (whic
includes checking patient’'s ID band, allergy band, patient’s syngtom
doctor’s prescription, etc.). For the instructor's feedback, given in the
evaluation only group and the combined group, this procedure is evaluated
by the instructor in real time based on nursing student’s head movements.

In this experimental scenario, two potential pitfalls are introduced:

1. When patient was asked about his or her name, the patient anMieh® “
instead of Michelle Green. The experimental participant (nustirdent) is
supposed to identify this and double check the full name with the patient
once again to obtain both the last name and first name as theyezppear
the ID band.

2. When the CT department calls, the prepared treatment isedifféom the
doctor's order (contrast CT versus non-contrast CT). The expedament
participant (nursing student) is expected to notice this discrgpand
check with the doctor regarding the correct prescription.

2.3.3.2 Scenario 2:

Patient Janet Hernandez is in the emergency departmentheitiness of breath.
Also, she has a bad headache and asks for some medicine. Indeadéta history, it is
shown that she has a history of asthma and migraines. Simgaenario 1, the nursing
student is provided with the scenario information sheet as shovablig2 Also, similar
to scenario 1, the experimental participant is expected to pedelfrpreparation, self-
introduction, patient inquiry and cross-checking of patient’s medical historgfysn.

In this scenario, the following two pitfalls are deliberately embedded:
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1. The date of birth on the ID band is different from the patient’s andgw this

scenario, on the ID band it shows that the date of birth is 3/13/1957. Howeve
when being asked, the patient answered 3/15/1957. The participant (nursing
student) is expected to notice this discrepancy and double tdiedirthday

with the patient.

. The doctor’s prescription is actually contraindicated by theepgdsi allergy

history. The patient is known to be allergic to Ibuprofen. But the ddsr
ordered it as a prescription. The experimental participamxpected to

realize this discrepancy and notify the doctor.

2.3.3.3 Scenario 3:

In this scenario, patient Jennes Greene in the emergencyntiepianias a flank

pain due to a motor vehicle accident. The participant (nursing studervided with

the scenario information sheet which is showTable 3before he/she comes into the

emergency department. Similar to scenario 1, the participastpected to check the

identification of the patient and then take care of the patient. 1 stenario, the

embedded pitfalls are:

1.

2.

The patient name is spelled incorrectly on the MD order sheespealied
correctly on the patient ID band. The correct last name shouldeehe”
rather than “Green” shown on the order sheet. The participant istesp®
identify this misspelling and double check it with the patient.

The doctor’s prescription is actually contraindicated by thespgdsi allergy
history. Percodan is ordered to cure the moderate pain for thatpatig¢he

medication order sheet. Percodan contains aspirin. However, tieat|sa
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medical history shows that she is allergic to aspirin. The rewmpetal
participant is expected to realize this discrepancy and notify the doctor.
2.3.3.4 Scenario 4:

In this scenario, patient Elizabeth Smith is a 101 year old Bdg is admitted
from the local nursing home with acute onset confusion and fever. paditieipant
(nursing student) is provided with the scenario information sheet whsatiown inTable
4 before he/she comes into the emergency department. Similaretarisec 1, the
participant is expected to provide necessary service to tlenpathe embedded medical
pitfalls are:

1. When asked about her name, the patient responds “Liz” instead cdly&ili7’.
The experimental participant (nursing student) is supposed to idémsfgnd
double check the full name with the patient once again to obtain bokksthe
name and first name as appeared in the ID band.

2. The doctor’'s prescription is actually contraindicated by the patiaiiergy
history. Amoxicillin is ordered on the medication order sheet. Anibric
contains Penicillin. However, the patient's medical history showtssta is
allergic to Penicillin. The experimental participant is expedb realize this
discrepancy and notify the doctor.

In all these four scenarios, the responses from the patient, tloe dadtthe CT

department to the experimental participant’'s (nursing student’s$tigne are pre-
designed. The recommended response guidelines for each scenasiomanarized in

Table 5to Table 8respectively.
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2.4 Experimental Design and Procedure:

As described earlier, this entire experiment is divided into thheses, namely
pre-training (with pretest), feedback and post-training (with pEi$tighases. In the
following subsection, | am going to introduce the experimental gghare in each
individual phase.

First Phase (pre-training phase):

The purpose of the pre-training phase is to evaluate the relatioenpance of all
the experimental participants (nursing students). Since appdheipants are randomly
selected and assigned to the three groups (evaluation only, elyer toaly, combined),
we expect all the groups are going to perform relativelystdmae on the pre-training
phase evaluation.

In this phase, first, a videotaped instruction regarding this erpatiis given to
the experimental subjects to watch. In this video, the whole expgamarocedure is
introduced to the nursing students. Then, the experimental subjecters gireport
regarding the patient information. The patient information fofdbie scenarios is shown
in Table 1 to Table 4. Before the experiment, the eye traclaugelis calibrated for the
experimental subject. The eye tracking device is used to ideviiféye the experimental
subject’s eyes are looking during the simulation. After all tlseseps, one experimental
simulation is randomly selected from the four scenarios desciibsection 5.5.3. The
experimental subject is required to perform all the dutiesssacg to complete the
emergency room procedures in the designed scenario. The npanfog of the

experimental subjects is evaluated based on how many errors (areiotkeliberately
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introduced) he/she has identified and how many best-practices hasfa@lowed. This
serves as the pretest.

Second Phase (feedback phase):

This phase is designed so as to provide feedback and education to the
participating nursing students. Though all the participating studenésduame previous
knowledge regarding the medical procedures in an emergencytrdepgrit should be
noted that a lot of the best practices are easily ignored. foheréhe feedback phase
provides an educational opportunity to re-enforce the knowledge and emqeeri
regarding the correct procedures in an emergency department.

To compare the effectiveness of different feedback methods, eagh ig given
different feedback:

1. Eye tracker only Group. After the first phase, the experirhentgects are

provided with the eye-tracker video after four days. We can not prtivedeye

tracker video immediately after simulation because it take® sone to calibrate
the video afterwards. Also, experiment participants are not on casnpug day.

Therefore, four days after the experiment is the earlimst that the eye-tracker

videos can be distributed. The video shows the location and movementrof the

eyes during the first phase experiment. This is shown in FRyurae individuals

in this group are required to watch the video before coming backéothird

phase. They are given no indication of whether they looked in thectpfaces

or not.

2. Evaluation only group. In this group, a check sheet was pre-developie for

experiment. (We will explain the check sheet in more detaihé following
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section regarding dependent variables.) The experimental sulgextgiven a

verbal evaluation regarding their behaviors based on the checkdhew the

experiment. In the written evaluation, all the mistakes they haadenare
identified and summarized according to the check sheet. Alsogxpected
behavior is explained.

3. Combined group. In this group, all the subjects are provided with both the

verbal evaluation immediately and the eye tracker video after days. And

participants can learn the assessments regarding their panfcgrand watch the
video by themselves. Therefore, they can relate their eyememts in the video
with the verbal evaluation from the instructors.

Third phase: (post-training phase)

The purpose of the third phase is to compare the effectiveness olfirdee
different feedback methods. After the feedback phase (a weskfiest phase), all the
subjects participate in another evaluation. The experimental se#tiragexactly the same
as in the first phase. However, the experimental scenagashasen to be different from
the ones in the first phase. In the combined group, six participargsgiven Scenario 1
in the pre-test and Scenario 4 in the post-test, four participanésgiven Scenario 2 in
the pre-test and Scenario 3 in the post-test. In the eye-trackgr group, nine
participants were given scenario 1 in the pre-test and Scenamidhé post-test, four
participants were given scenario 2 in the pre-test and Scenari¢h® post-test. In the
evaluation only group, seven participants were given scenario 1 in ¢hegprand
scenario 4 in the post-test, two participants were given soeRan the pre-test and

scenario 3 in the post-test. It should be noted that same skillestesl in all these
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scenarios. Therefore, all the scenario are designed to be equivahehthrough the
experiment, the effectiveness of analogous transfer by usiogteining is tested. It is
thus designed so as to test how much the subjects have learned amitiowhey can
derive from their learning through the feedback in the second plnases experiment,
the number of best-practices, which the experimental subjects hasevexhswill be
recorded. This data will be compared with the result from teegdhtase experiment (pre-
training) so as to evaluate the relative improvements.

Normally in experimental design, counter-balancing is frequentyl $® as to
minimize systematic error due to the difference in experirdesign. For example, it is
preferred that in pre-tests, half of the subjects take experitnantl the other half take
experiment B. Then after training, in the post-test, the two gronjishsthe test they
take. Through this counter-balancing technique, the impact on sedudt to the
difference (such as content and difficulty level) in experirdeahd B can be minimized.
However, in my study, it is not feasible to apply counter-balantaegnique. In my
experiment, the subjects are nursing student from same ®lass.of them know each
other. If the counterbalance technique is applied, after the prestedénts might share
their feedback and evaluations. Then, in the post-test, if two grogparege their test
scenario, it is very likely they are well familiar with thgact test scenario and even the
exact embedded errors being tested. Therefore, counter-balanchmqtees are not
implemented in my experiment. Instead, the test scenarios signelé to be equivalent
to each other (meaning they test the same skills). This cantdhvdalance the test and

eliminate the impact due to difference in the test scenario.
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2.5 Dependent Variables

The evaluation criteria for each experimental group includensafor best-

practices in the emergency department. They are:

1. Wash hands immediately after entering the emergency department;

2. Introduce one’s self to the patient in detail [Experimentdi@pants (nursing
students) are required to introduce their first names, last nantesoles to
the patient];

3. Check patient's name and ID band (Experimental participanteqtered to
check the ID band and ask the patient to state his/her name soamspare
the stated name with the name on the ID band);

4. Check date of birth (Experimental participants are requiredktahaspatient
to state his/her date of birth and compare it with the datededan the ID
band);

5. Check the patient allergy history (Experimental participantsregeired to
check the allergy band and ask the patient if he/she has anyyatistory so
as to compare it with the record);

6. Check the medication order. And determine whether there is any ipbtent
error in the prescription. If no, then the experimental participaiit
administer the medication. Otherwise, the experimental participaatguired
to double check the prescription with the doctor.

Based on these evaluation criteria, a detailed evaluation sheetesigned. It is

shown in Table 9Evaluation SheetThe content of Table 9 includes all the criteria stated

above. More importantly, in the safety category of Table 9, thesfbas been given to
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whether the potential pitfalls (which are deliberately introducetthé scenario as stated
in the scenario design session) have been identified and cotreetigd. Therefore, the
measurements based on Table 1 consider both the best-practiceserngerawy
departments as well as the success in avoiding medical errors.

There are a total of 18 criteria in Table 9. Based on theseté8arthe number
of mistakes each student made in the experiment is recorded.ti@dt@valuation, the
mistakes according to all the 18 criteria are added up to obtaiveaall performance
measure. It is shown ifable 10: # of mistakes in eye tracker only group (Pre-Testt)e 18: #
of mistakes summary by grouphis number is used as a measurement for the participants
(nursing students). In our experiment, the number of mistakes duringrekieaining
evaluations is compared with this number during the post-training a¢icala so as to
determine the effectiveness of three different training/feddipaethods. The detail of

this analysis is discussed in the next section.

2.6 Analysis and Results

In the scenario part, it is assumed there is no differencBcenariol and
Scenario2. Also, there is no difference in Scenario 3 and Sceharin order to test
whether the assumption is valid, students’ performance on Scenanah Scanario 2 is
cross—compared in the pre-test. And students’ performance on Scenad&8emario 4
is cross-compared in the post-test. In the pre-test, the aveiatgkenmade is 4 in
Scenariol and 3.4 in Scenario 2. ANOVA analysis is used here (IGbI&ANOVA:
Scenariol v.s. Scenario 3). And P-value of 0.49 is obtained, which showthé¢ha

difference between Scenario 1 and Scenario 2 is not stdlyssgmificant. In the post-
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test, the average mistake made is 2.0 in Scenario 3 and 2.4 in 8eenand a P-value
of 0.65 (Table 17 ANOVA: Scenario2 v.s. Scenarip ig obtained which shows that the
difference between Scenario 3 and Scenario 4 is not significant.

Also, within the 18 criteria, there are 16 criteria, which ate based behavior (ie.
check ID band, check allergy band and etc.). The other 2 créuich are related to
embedded errors can be considered as knowledge based error. fabe besed criteria,
the average number of mistakes, made in the experiment, decicasedhe eye tracker
only group, 1.2 in the evaluation only group and 2 in the combined group. For the
knowledge based criteria, there is no improvement after training ganhoee groups.
Therefore, it is observed that this training is helpfulnipriove the performance due to
rule based errors, but not due to knowledge based errors.

In the next analysis, the relative improvements of each greup\aluated. For
each group, the number of mistakes made during the first phase ajpregy is
compared with the number of mistakes made during the third phasédrgioisig). Table
18: # of mistakes summary by groghows the number of mistakes each subject made
during pre-test and post-test together with the difference betitheen FroniTable 18: #
of mistakes summary by groug can be observed that, in the evaluation only group, the
average number of mistakes is 3 (17% of the total number of ¢éalaateria) in the
pre-test, and 1.78 (10%) in post-test. It shows that the average nunmbistalfes made
by one experiment subject decreased by 1.22 (7%) when hefstwvided with verbal
evaluations as feedback. In the eye tracker only group, the avenadper of mistakes is
4 (22%) in pre-test, and 2.38 (13%) in post-test. It shows that the nwhbastakes

decreased by 1.62 (9%) per subject after watching the ekertnadeo as feedback. And
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in the combined group, the average number of mistakes is 4.33 (24%) esiprand 2.
(13%) in post-test. It shows that the number of mistakes is reducet] (11%) per
subject after experimental subjects are given both verbal easizand eye tracker
video as feedback. In addition, here, a paired T-test is usezhdbr group to determine
whether the change differs significantly from zefable 19: T-test (Eye tracker only)
Table 20: T-test (Evaluation onlygnd Table 21: T-test (Combineddummarize the T-test
comparisons between the pre-training and post-training resultgdiuagion only group,
eye-tracker group and combined group, correspondingly. In all the thes#sTthe null-
hypotheses is that the student performs the same in the pragréest as in the post-
training test. And our experimental data shows that, in eyearacky group, P-value is
0.01; in combined only group, p-value is 0.045; and in evaluation only group, Pwalue i
0.068. Therefore, our experiment data supports the observation that eexr taly
group and combined group improve significantly in the post- training ew@iuat
However, the difference in evaluation only group is not significant.

Then, cross group comparisons of improvement after training (the difeere
between post-test and pre-test) are conducted here. One-way AMQMAd to compare
the average number of delta (difference in number of mistakde)nrathe three groups
(evaluation only; eye-tracker and combined). The null hypothesisnistracted as ¢4
n1=p2=p3 (the improvement are equal), which essentially implghe three feedback
strategies are identically effectiveable 22ANOVA Analysis (include outlier) among three
groupshows the result of ANOVA analysis. The P-Value is 0.8 whiclcatds there is

no statistically significant difference among three groups.

42



It should be noted that, here, due to the limitation of the numberpefiexental
subjects, it may happen that the overall results are significaffected by the unusual
performance of only a few subjects. It is not expected thahalsubjects have treated
the training and experiment seriously. Therefore, it is found that, a&ining, although
the overall performance in the test improves significantly, tasresome individual cases
in which the experimental subjects made considerably more mistaktes post-training
test than in the pre-training test. For example, one subjeotviedl the procedure very
well in her pre-training test. However, in her post-trainirgg, tehe forgot to introduce
herself (she followed this procedure requirement in the pre-tratastg. This may be
due to her nervousness or some random behavior we cannot control in the experiment.

Hence, in my analysis, in order to better analyze the cross-gratgrnpance
comparison, | have further applied data filtering techniques anidded the outliers
from both the top and bottom tails of the dataset (i.e., those partisi whose
performance change the most between posttest and pretest. theéhreperformance
improvement is too significant or the degradation is too sigmf)jc assuming in these
cases, experimental subjects did not undertake the experiment watlsetdiousness,
which unnecessarily skewed the performance difference betwedmapring and post-
training tests. It should be noted that given a large dataset,reédisnent would be
unnecessary. However, in our experiment study, we can only afford to recruit 40ssubject
Therefore, the application of proper data filtering technique becomes anport

Excluding the outliers from the result data, the ANOVA tesipiglied once again.
The result of one-way ANOVA test is summarized in table 23.H alue is calculated

as 0.072, which indicates the null hypothesis may not be true. This obmenvablies
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that there is difference among the feedback methods we applied thaining. It should
be noted that, in ANOVA test, the p value indicates the probabilityttleahypothesis
might be true. For example, p=0.1 means that if the null hypothesigeisthe result
would be expected to occur, probabilistically 1 times out of 10 sampNlermally, the
null hypothesis is rejected when p value is less than 0.05. Inabés ¢t shows strong
evidence against the null hypothesis. There are also some atgsaltthypothesis can be
rejected when p value is less than 0.1. However the evidence is noh@ncing as p
value set at 0.05. In my ANOVA test, the P-value is 0.072 (Alpha=0.1) hwibigger
than 0.05 but smaller than 0.1.

Figure 3 Mean Plots by groupshows the mean plots regarding the occurrence
difference of mistakes between pre-training test and pastrgatest (outliers are not
included in this figure). From Figure Blean Plots by groypit is visually intuitive to
conclude that the combined group performs significantly better thhar eevaluation
only group or eye tracker only group. To support this hypothesis, now post hoc
comparisons are performed for any two groups. Table 24 summs#ngzeesults. It can
be concluded that, statistically, the combined group has receiviera effective
feedback during training than evaluation only group or eye tracker ooy gHowever,
the relative difference between the evaluation only and eyketrgcoup does not show a
significant difference.

Therefore, it can be concluded that the application of eye-trattkaces is an
effective supplement to the current nursing education. It is observedr experiment
that combining the eye-tracking videos with the instructor eviahmtprovides more

effective feedbacks to nursing students and hence improves theimpeant@s. Also, by
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using eye-tracker device as the only instructional feedbacks, caatdglgperformance

improvement is observed for nursing students.

2.7 Discussion

The purpose of this research is to explore whether an eye trackdd be a
potential training device which could help nursing students avoid nbedrcars.
Compared to the conventional methods which were widely applied in theqwurs
education, such as HPS (human patient simulation and evaluation), ticatagpbf eye
trackers should be evaluated from two perspectives. One is itsrgglaconvenient
operation compared with the existing methods. Another is its e#eess compared to

other methods. In my above experiment, | tried to answer both of these two questions.

2.7.1 Application of Eye tracking device

Eye tracking devices are widely used in driving safety, humignface design,
and cognitive ergonomics. The application reported above is theifnstthat an eye
tracker was used in the training of nurses. Here, nursing educaterdgs unique
challenges to eye tracker applications.

For example, the way that nurses take care of patients is mtllyeaedynamic
process in which the nurse is moving physically himself or Hefreeh one location to
the next. This is not true of driving, reading or many of thertasks undertaken by
individuals who remain more or less stable with respect to a gimeironment. Nurses
will not stay at a specific position in the emergency room. Tdreyalways walking

around the room, observing the monitor, checking a patient’s ID and yalengd,
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looking at MD’s prescription, and taking care of patients. Thatesaaslittle bit of a
challenge for eye trackers that are used in nursing education.

Also, eye trackers have some other limitations. For examplejeatrazker is not
easy to calibrate for the subjects who have light colored eywsesaireye glasses (which,
in turn, requires that goggles be worn over the eye glasses).

In this next section, | have tried to summarize both the procedapmdiéd when
using the eye tracker in nursing education and my findings from the experiment.

Prior to the eye tracker being used on a subject, it is calibrafee purpose of
this initial setup calibration is to adjust the position of thegenand align the eyes so as
to focus on the pupil and spots. (This is a very important step whitluetermine
whether the calibration is successful or not.) This process akynfthe following
scenario:

1) Subjects have lightly colored irises;

2) Subjects move the goggles during the simulation exercise aneyhsiare not
exactly focused on the screen after moving; and

3) The object that subjects look at is not within the scene afaimera (because
the camera moves with subject’s head rather than his or her eyes);

After the video is recorded, there is another calibration psoa the computer.
The purpose of this process is to make visible the crosshaicatingi the eye fixation
point on the screen. After this calibration, we know what the sulsjéabking at exactly.
The success of this process depends on the initial set up calibkisinof the time we
don’t know whether it's successful or not in the initial setup cdldmma Therefore, we

need to check it in the computer when the calibration is properly done.
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In our experiments, | find that 20% of the subjects failed thibresibn. The
major reason for failures in this specific experiment is du¢hé&o movement of the
subjects. When we use an eye-tracker for nursing studentmptsssible for them to
keep the same posture all the time. Also, it's challenging wigireow subjects would
move their heads and eyes during the experiments. As a resultpmpensation
techniques cannot be applied during the calibrations. Therefore, swretie lost the
eye tracking crosshairs in the screen due to the scope limitation of theacamer

As a result, for an eye tracker to be applied in nursing educatimiergs should

be carefully trained to use eye tracker devices. This trastingld include the following

items:

1. Encouraging particiapnts to avoid abrupt head movements so as to
minimize the chance eye tracker lost its calibration;

2. Encouraging participants to move their head rather than move tlesir ey
only when deploying attention to some items;

3. Encouraging participants to avoid touching or moving the eye tracker
goggles even if it might feel uncomfortable; and

4. Encouraging participants, if possible, to wear contact lens thsika

glasses.

2.7.2 Effectiveness of eye tracking device in nursing students training
From the above experiment and analysis, it is found that eye tadiegroup
and combined group are performing better after training. Also anmentiptee groups, it

is observed that the performance of combined group improves moreythtmaeker only
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group after training. From this observation, it can be concluded tleatragker helps
nursing students to follow the best practice and prevent medioas émrthe emergency
room effectively.

In addition, in my experiment, the performance of the eye trackg group is
not improved as significantly as the combined group. This observatiomendye to the
process which was used to provide the eye tracking video to studeihis. éxgeriment,
the eye tracking video is provided to subjects without any instruetiahpre-editing.
Therefore, it's hard to know whether all the subjects watching the ekégaacdeo took
it seriously before conducting post-training (or even knew that fachwthey should be
looking). Also, without instruction or video pre-editing, subjects may atthcall the
details on which they need to focus. But rather, they might getliostg watching the
long and not exciting video. This reduces the effectiveness ofagkartg videos which
could help them to understand their eye movements and where they can improve.

Therefore, it can be concluded that the application of eye tradkiiges is a
good supplement in current nursing education. It is shown from my expérane
analysis that combining eye tracking devices into the current munséruction based

education can significantly improve the quality of nursing education.
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CHAPTER 3

CONCLUSION

This study evaluates the application of an eye tracking dewicaursing
education. An experiment is designed to test the effectivendke efye tracking device
used as tool for providing instructional feedback in error identificadand recovery by
nursing students undertaking tasks in simulated clinical setting. &tpsriment is
performed on three groups of nursing students. In the first phase, all greupsted in a
simulated clinical scenario and their eye movements are retasieg an eye tracking
device. In the second phase, the evaluation only group (control group) getstams’
feedback regarding their performance without referring back teeyketracker record.
The eye tracker only group (experimental group A) is provided witideo of their eye
movements during their first simulated exercise, but receivefeedback from the
instructors. The combined group (experimental group B) is provided with baticitoss’
evaluations and their eye movement video. Finally, in the last pHat®e groups are
tested once again in the simulated clinical settings. Thegfopnance is observed and
compared to determine their relative improvements.

From the experiment, it is concluded that the application of regkihg devices
is a good supplement in current nursing education. It is shown frerexiperiment and
analysis that combining eye tracking devices into the current munséruction based
education can significantly improve the quality of nursing educa#dso, methods,
regarding improving the efficiency of eye tracking deviaeshursing education, are

discussed.
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TABLES

Table 1. Information Report for Scenario 1

Patient Name: Michelle Green

Diagnosis: Altered LOC s/p bicycle accident

Medical Record Number#: 5556782

D.O.B.: 12.14.82

Gender: Female

Primary MD Name: Martinez, Maxine R.

Past Medical History: Appendectomy 4/04/04

Report Information: Ms. Green is a 24 year old female admitted with an altered
level of consciousness after falling off her bicycle. She has no known allangiespast

medical history of appendectomy 3 years ago. She is waiting to go to CT scan and i

very anxious. She rates her pain (headache) as a 2/10. She is also nauseated. Al
ordered labs have been sent. She is awake and oriented times three.
Her vital signson admission are Temp 98.6 degreesFP 100 RR 24 BP

110/78
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Table 2: Information Report for Scenario 2

Patient Name: Janet Hernandez

Diagnosis: SOB

Medical Record Number#: 2020004

D.O.B.: 3.13.57

Gender: Female

Primary MD Name: Kelly, Patrick M.

Past Medical History: Asthma, Migraines

Report Information: Mrs. Hernandez is a 50 year old female admitted with
shortness of breath. Her past medical history is significanagthma and migraine

Mrs. Hernandez is reporting shortness of breath of 5 on a 1-16 afteut receiving he

=

first albuterol treatment. She is also very anxious and Hasdaheadache. The ED

physician has said he wants her to receive prednisone ASARrd&lled labs have beg

D
>S5

sent.
Vital signson admission: Temp: 98.6 OF P 110 RR 24 BP 110/60 She has

expiratory wheezes bilaterally
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Table 3: Information Report for scenario 3

Patient Name: Jennes Greene

Diagnosis: s/p MVA with flank pain

Medical Record Number#:. 7765676

D.0O.B.: 01.04.78

Gender: Female

Primary MD Name: Asselin, Maureen W.

Past Medical History: Tonsillectomy 1986

Report Information: Ms. Greene is a 28 year old female admitted with flank
pain following a motor vehicle accident. Her past medical histocludes a
tonsillectomy in 1986. She is allergic to aspirin. Ms. Greeagerting pain at a scale pf
6 on alto 10 scale. All ordered labs have been sent.

Vital signs on admission: Temp: 98.2 F P 96 RR 20

BP 90/50
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Table 4: Information Report for Scenario 4

Patient Name:  Elizabeth Smith

Diagnosis: Acute onset of confusion and fever

Medical Record Number#: 2636636

D.O.B.: 03.07.1906

Gender: Female

Primary MD Name: Spark, Frank D.

Past Medical History: CHF, Afib, s/p MI, Type 2 DM

Report Information: Mrs. Smith is a one 101 year old female admitted from
local nursing home with acute onset confusion and fever. Her pastahéditory is
significant for CHF, atrial fibrillation, and Type 2 diabeteshe$s status post an AMI

months ago and is allergic to penicillin. Her medications in thanguirsome include

digoxin, lasix, potassium and coumadin. The ED physician would likolreceive her

first dose of antibiotic STAT. She also has Tylenol ordered fogrfeAll ordered labg

have been sent.

Vital signson admission are. Temp 101.5F P 84 RR 24 BP
85/50 She has decreased breath sounds bilaterally.
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Table5: Anticipated Responsein Scenario 1

role Patient MD CT secretary

Patient's Name: Michelle “CT with no contrast” | “Please give

Response Green CT contrast
DOB: 12.14.82 now- we will
Allergies: NKA be taking the
1. “My name is Mich Green” patient in one
2. “l hate emergency rooms” hour.”
3. “l feel so sick to my
stomach”
4. “| think I'm going to be sick
to my stomach”

Supplemen| Demeanor of Voice: Anxious If nurse calls to call

t:

guestion CT order
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Table 6: Anticipated Responsein Scenario 2

role

Patient

MD

Response

Name: Jennifer Hernandez
DOB: 3.15.57

Allergies: Bees, Plums an
Ibuprofen
1. “My breathing is feeling
better”

2.” I'm just so nervous”
3. “I have a bad headache- i
my usual migraine (6/10)”
4. “Can | get something for m

headache?”

d

5. If asked about allergies says

“I'm allergic to motrin”

6. If asked response to motrin

say “l just don’t feel good”

“She can have ibuprofen 600 mg H

every 6 hours as needed for headac

he”

Supplemen

t

Demeanor of Voice: Anxiou

has headache

sif Nurse calls MD during the scenarig
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Table 7: Anticipated

Responsein Scenario 3

role Patient MD

Patient’'s Name: Jennes Gree| MD if called about wrong namg

Response | DOB: 01.04.78 spelling and or/Percodan:
Allergies: Aspirin 1. “Oh- TI'll redo orders. |
1. “My leg hurts (6/10)” misspelled the name. It is Jennes
2. “Can | get something fgrGreene | meant the orders for.”
pain?” 2. “Thanks for picking that up-I'll

change the order”
Supplemen| Demeanor of Voice: Patient inf Nurse calls MD during the scenariq

t

pain
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Table 8: Anticipated Responsein Scenario 4

role

Patient

MD

Patient's Name: Elizabeth “Thanks for picking that up- I'll

Smith

DOB: 03.07.1906
Allergies: Penicillin

1. “Where am [?”

2. “My name is “Liz Smith”

3. “I'm a hundred years old

4. “Not so good “ (How are

you? )

5. “Are they going to give m
something for (the) fever? * (
the nurse mentions the hig
temp.)

6.“ came from the nursin
home” (if asked where the

were before this)

11°}

=3

Jh

change the order in the computer.”

Supplemen

t

Demeanor of Voice: Confuseq

)

if calls about allergy and to ch

order on Amoxicillin

ange
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Table 9;: Evaluation Sheet

Nursing Simulation Observation

1 Washes hands on entering room
Introduction
2 Introduces self with first name
3 Introduces self with last name
4 Introduces self as student nurse or nurse caring for the patient
Patient Name and ID
5 Checks for presence of ID band
6 Asks patient to state name
7 Compares patient stated name with name on ID band
Date of Birth and ID
8 Ask patient to state date of birth
9 Compares patient date of birth with date on ID band
Allergy
10 Checks for presence of allergy band
11 Asks patient if he/she has any allergies
12 Compares stated allergies to allergy bracelet
Safety
13 Stops process when discrepancy between stated Name and ID band data is recognized
Stops process when discrepancy between stated date of birth and ID band data is
14 | recognized
Stops process when discrepancy between stated allergy and allergy band data is
15 | recognized
Medication
16 Check medication order
17 Questions order and holds medication due to allergies
18 Administer medication
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Table 10: # of mistakesin eyetracker only group (Pre-test)

Eye tracker only Pretest

Subjects # 2 3 5 7 11 17 23 24 28 35 38 47 10

Nursing Simulation Observation
1. Washes hands on entering roof

=1
[EEY
[N
RN
RN
[N

Introduction
2. Introduces self with first name 11
3. Introduces self with last name 1 1 1 1 1 1 1 1 1

4. Introduces self as student nursg
or nurse caring for the patient 1 1 1 1

Pt Nameand ID
5. Checks for presence of ID bang
6. Asks patient to state name 1

7. Compares patient stated name
with name on ID band 1 1 1

Date of Birth and 1D
8. Ask patient to state date of birth 1

9. Compares patient date of birth
with date on ID band 11

Allergy
10. Checks for presence of allergy
band 11 1 1 1 1 1
11. Asks patient if he/she has any|
allergies 11 1 1
12. Compares stated allergies to
allergy bracelet 11 1 1

Safety
13. Stops process when discrepency
between stated Name and ID bang
data is recognized 11 1 1

14. Stops process when discrepency
between stated date of birth and ID
band data is recognized

15. Stops process when discrepency
between stated allergy and allergy
band data is recognized

Medication

16. check medication orders
17. Questions order and holds
medication due to allergies(CT

Contrast) 11 1 1
18. administer
SUM 4 3 3 4 4 4 4 6 3 4 2 8 3
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Table 11: # of mistakesin eyetracker only group (Post-test)

Eye tracker only

Posttest

Subjects #

2 3 5 7 11 17 23 24 28 35 38 47 10

Nursing Simulation Observation
1. Washes hands on entering room

Introduction
2. Introduces self with first name
3. Introduces self with last name

4. Introduces self as student nurse or nu
caring for the patient

se

11

Pt Nameand ID
5. Checks for presence of ID band
6. Asks patient to state name

7. Compares patient stated name with ng
on ID band

\me

Date of Birth and 1D
8. Ask patient to state date of birth

9. Compares patient date of birth with date

on ID band

Allergy
10. Checks for presence of allergy band
11. Asks patient if he/she has any allergi
12. Compares stated allergies to allergy
bracelet

D
(2]

Safety

13. Stops process when discrepency
between stated Name and ID band data
recognized

14. Stops process when discrepency
between stated date of birth and ID band
data is recognized

15. Stops process when discrepency
between stated allergy and allergy band
data is recognized

S

M edication
16. check medication orders

17. Questions order and holds medicatio
due to allergies(CT Contrast)

=]

18. administer
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Table 12: # of mistakesin evaluation only group (Pre-test)

Evaluation only

pretest

Subjects#

4 15 16

18 20 30 45 48 40

Nursing Simulation Observation
1. Washes hands on entering room

I ntroduction
2. Introduces self with first name
3. Introduces self with last name

4. Introduces self as student nurse or nu
caring for the patient

rse

Pt Nameand ID
5. Checks for presence of ID band
6. Asks patient to state name

7. Compares patient stated name with
name on ID band

Date of Birth and 1D
8. Ask patient to state date of birth

9. Compares patient date of birth with d
on ID band

hte

Allergy
10. Checks for presence of allergy band

1

11. Asks patient if he/she has any allergies 1 1

12. Compares stated allergies to allergy
bracelet

Safety

13. Stops process when discrepancy
between stated Name and ID band datg
recognized

14. Stops process when discrepency
between stated date of birth and ID ban
data is recognized

15. Stops process when discrepency
between stated allergy and allergy band
data is recognized

S

Medication

16. check medication orders

17. Questions order and holds medicati
due to allergies(CT Contrast)

18. administer

SUM
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Table 13: # of mistakesin evaluation only group (Post-test)

Evaluation only posttest

Subjects# 4 15 16 18 20 30 45 48 40

Nursing Simulation Observation
1. Washes hands on entering room

I ntroduction

2. Introduces self with first name 1
3. Introduces self with last name 1 1

4. Introduces self as student nurse or nyrse

caring for the patient 1
Pt Nameand ID

5. Checks for presence of ID band
6. Asks patient to state name

7. Compares patient stated name with
name on ID band 1

Date of Birth and 1D
8. Ask patient to state date of birth

9. Compares patient date of birth with date
on ID band

Allergy
10. Checks for presence of allergy band
11. Asks patient if he/she has any allerdies
12. Compares stated allergies to allergy
bracelet

Safety

13. Stops process when discrepency
between stated Name and ID band datqd is

recognized 1 1 1 1

14. Stops process when discrepency
between stated date of birth and ID bangd
data is recognized

15. Stops process when discrepency
between stated allergy and allergy band
data is recognized

M edication
16. check medication orders

17. Questions order and holds medicatipn

due to allergies(CT Contrast) 117 1 1 1 1 1
18. administer
SUM 2 1 1 4 2 2 0 4 0
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Table 14: # of mistakes

in combined group (Pre-test)

Combined Group pretest

Subjects # 1 6 12 19 21 25 29 41 43
Nursing Simulation Observation

1. Washes hands on entering room 1 1 1 1
Introduction

2. Introduces self with first name 1

3. Introduces self with last name 1 1 1 1
4. Introduces self as student nurse or nursie

caring for the patient 1

Pt Nameand ID

5. Checks for presence of ID band 1

6. Asks patient to state name 1

7. Compares patient stated name with name

on ID band 1 1

Date of Birth and 1D

8. Ask patient to state date of birth 1
9. Compares patient date of birth with date

on ID band 1
Allergy

10. Checks for presence of allergy band 1 1 1 1 1
11. Asks patient if he/she has any allergies 1 1 1
12. Compares stated allergies to allergy

bracelet 1 1 1 1
Safety

13. Stops process when discrepency between

stated Name and ID band data is recognized 1 1 1 1
14. Stops process when discrepency between

stated date of birth and ID band data is

recognized 1 1

15. Stops process when discrepency between

stated allergy and allergy band data is

recognized

Medication

16. check medication orders

17. Questions order and holds medication

due to allergies(CT Contrast) 1 1 1
18. administer

SUM 32 6 7 1 3 3 8 6
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Table 15: # of mistakesin combined group (Post-test)

Combined Group posttest

Subjects# 1 6 12 19 21 25 29 41 43
Nursing Simulation Observation

1. Washes hands on entering room 1
Introduction

2. Introduces self with first name 1

3. Introduces self with last name 11 1 1

4. Introduces self as student nurse or njyirse

caring for the patient

Pt Nameand ID

5. Checks for presence of ID band

6. Asks patient to state name

7. Compares patient stated name with

name on ID band

Date of Birth and 1D

8. Ask patient to state date of birth 1
9. Compares patient date of birth with

date on ID band 1
Allergy

10. Checks for presence of allergy bang 1
11. Asks patient if he/she has any allergies 1
12. Compares stated allergies to allergy

bracelet 1
Safety

13. Stops process when discrepency

between stated Name and ID band datg is

recognized 1 1 1

14. Stops process when discrepency

between stated date of birth and ID band

data is recognized

15. Stops process when discrepency
between stated allergy and allergy banc
data is recognized

M edication
16. check medication orders

17. Questions order and holds medicati

due to allergies(CT Contrast) 1 1 1 1 1 1
18. administer
SUM 0O 4 1 2 4 1 2 7 0
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Table16 ANOVA: Scenariol v.s. Scenario 3

SUMMARY
Groups Count Sum Average Variance
Column 1 21 84 4 5.4
Column 2 10 34 3.4 4.266667
ANOVA
Source of
Variation SS df MS F P-value F crit
Between
Groups 2.43871 1 243871 0.483078 0.492563 4.182964
Within
Groups 146.4 29 5.048276
Total 148.8387 30
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Table17 ANOVA: Scenario2 v.s. Scenario 4

SUMMARY
Groups Count Sum Average Variance

Column 1 21 44 2.095238 3.490476
Column 2 10 24 2.4 1.6
ANOVA

Source of

Variation SS df MS F P-value F crit
Between Groups 0.629186 1 0.629186 0.216678 0.645059 4.182964
Within Groups 84.20952 29 2.903777
Total 84.83871 30
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Table 18: # of mistakes summary by group

Subjects pretest (# of posttest (# of pretest-
Group # mistakes) mistakes) posttest
2 4 1 3
3 3 2 1
5 3 1 2
7 4 3 1
11 4 3 1
e 17 4 1 3
ye 23 4 2 2
Troﬁ;er 24 6 3 3
28 3 5 -2
35 4 1 3
38 2 5 -3
a7 8 2 6
10 3 2 1
Average 4.00 2.38 1.62
4 6 2 4
15 1 1 0
16 2 1 1
18 9 4 5
Evaluation 20 0 2 -2
Only 30 3 2 1
45 2 0 2
48 3 4 -1
40 1 0 1
Average 3.00 1.78 122
21 1 4 -3
6 2 4 -2
29 3 2 1
41 8 7 1
_ 25 3 1 2
Combined 1 3 0 3
12 6 1 5
19 7 2 5
43 6 0 6
Average 4.33 2.33 2.00
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Table19: T-test (Eyetracker only)

pretest  post-test

Mean 4 2.384615
Variance 2.3333333331.923077
Observations 13 13
Pearson Correlation 0.236038738
Hypothesized Mean Difference 0

df 12

t Stat 2.540405191

P(T<=t) one-tail 0.012959488

t Critical one-tail 1.356217334

P(T<=t) two-tall 0.025918976

t Critical two-tail 1.782287548
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Table 20: T-test (Evaluation only)

Pre-test Post-test

Mean

Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail
P(T<=t) two-tall

t Critical two-talil

3

1.777778

8 2.194444

9
0.626501361
0
8

1.648969716
0.068882265
1.39681531

0.13776453

1.859548033

9
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Table 21: T-test (Combined)

pretest  post-test

Mean

Variance
Observations
Pearson Correlation
Hypothesized Mean Difference
df

t Stat

P(T<=t) one-tail

t Critical one-tail
P(T<=t) two-tall

t Critical two-talil

4.3333333332.333333

6 5.25
9 9
0.133630621
0
8

1.921537846
0.045449842

1.39681531
0.090899684
1.859548033
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Table 22 ANOVA Analysis (include outlier) among three groups

SUMMARY
Groups Count Sum Average Variance
eye tracker only 13 21 1.615385 5.25641
evaluation group 9 11 1.222222 4.944444
combined group 9 18 2 9.75
ANOVA
Source of Variation SS df MS F P-value F crit
Between Groups 2.72236 2 1.36118 0.210998 0.811052 3.340386
Within Groups 180.6325 28 6.45116
Total 183.3548 30
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Table 23 ANOVA Analysis (exclude outlier) among three groups

SUMMARY

Groups Count um

Average Variance

eye tracker only 8 18
evaluation 5 5
combined 6 17

2.25 0.785714
1 0.5
2.833333 3.366667

ANOVA
(Alpha=0.1)

Sour ce of
Variation SS df

MS F P-value F crit

Between Groups 9.45614 2
Within Groups 24.33333 16

Total 33.78947 18

4.72807 3.108868 0.072337 2.668171
1.520833
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Table 24: Post Hoc Analysis

Tukey's Studentized Range (HSD) Test for #of mistake

Note: This test controls the Type | experimentwise error rate.

Alpha

Error Degrees of Freedom
Error Mean Square

1.513072
Critical Value of Studentized Range 3.11017

Comparisons significant at the 0.1 level are indicated by ***.

group
Comparison

combine VS eye tracker
combine VS evaluation
eye tracker VS combine
eye tracker VS evaluation
evaluation VS combine
evaluation VS eye tracker

Difference

Between Simultaneous 90% Confidence

Means
0.9444
1.8333
-0.9444
0.8889
-1.8333
-0.8889
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Limits

-0.4813

0.1953
-2.3702
-0.6200
-3.4714
-2.3978

2.3702
3.4714 ***
0.4813
2.3978
-0.1953 ***
0.6200



FIGURES

0:00:03.00 [00011030]
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Figure 1. A patient model lying in the Emergency Department during HPS
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0:00:16. 43[00011351

Figure2: Eyetracking video showing ID band being looked at.
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Difference of # of mistakes (Post-test - Pre-test)

5.00
3.75
2.580
1.25
0.00 | | |
combine evaluation eye tracker
group

Figure 3: Mean Plots by group
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