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This the:

describes the rationale and development of software for a

itation (

handheld computer for assessing neonatal res ining in accordance

with international protocols.

learning cnvi (ILE) are

and beha

iours are enhanced for

simulated or real, during which knowledge, sk

both individuals and teams. ILEs, based on constructivist lea g theory,

cilitate learning through experience, i ion and dialogue. Simulated and

real neonatal resu:

citation training are specific ILEs. Would a handheld computer

contribute to evaluation and reflective dialogue, thus enhance knowledge

truction in ILF

ind handheld devi

s duri

Following a review of the literature on ILE 3

neonatal resuscitation training, software with a graphical user interface and paper

ilitate recording of

output was developed for a handheld computer to f:

is thesi

describes the theories

events for the purpose of facilitating debri

underpinning such a tool. the development of a working prototype, and procedures

that might be followed to effectively evaluate the resultant device.
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CHAPTER ONE

INTRODUCTION

T'his thes

s outlines the theory behind. and development of. a handheld

device designed to aid instructors and learners record the sequence of events

during the real or simulated resuscitation of a newly born baby. Development is

bas

4 on a constructivist learning paradigm within an immersive learning

software and a

environment. The focus is on the development of the education

cussion of’

held device for resuscitation training. The thesis concludes with a di

proposed ways (o evaluate the resultant device, and includes preliminary user

ervations of the prototype software and hardware.
Neonatal Resuscitation
Resuscitation is the medical process for bringing a patient whose breathing

or circulation has failed. back to stable lung and heart function. In the newly born

often i by

baby. the transition from i o

failure or delay

ablishing breathing and circulation: neonatal resuscitation

e

tation focuses on the basic and

tates this transition. Nconatal

immediate n breathing and circulation, while maintaining other
body systems, like temperature control.

“The Neonatal Re:

citation Program (NRP) of the American Academy of

Pediatrics and American Heart Association (AAP, 2006) is the educational tool of

choice for Canadian health care professionals who are training to resuscitate




newly born babices (Health Canada, 2000). The knowledge, skills and behaviours

required for NRP are assessed using a written exam and a simulated neonatal

nario, otherwise known ning, the

de”. During tre
Megacode is evaluated using a validated checklist, the Canadian NRP Megacode

lapted from its American

d by instructors

process.

¢ Learning Environments

ive learning environments (1LEs) are a broad concept derived from

st learning theory, and embracing experiential learning and reflection.

During an ILE, the learner receives real or virtual inputs that challenge their

nd reflection,

ng K ledge: the i includes

dialogue

s most often utilized in

such that new knowledge is constructed. The term, ILI

the computer software development domain, largely related to computer-based

and virtual simulation. ILEs have rarely been associated with the medical dom

For the purpose of this thesis they have been deliberately adapted to distinguish

the process of learning by immersion from the method of learning (which, in this

mulation or real-life experience).

Facilitating and ing ILEs of i i ity can be a

daunting task for educators. A number of tools may be used to support teaching

and lcaming, including the paper-based checklists, video recording, verbal

feedback. and handheld devic




Handheld computers and smartphones

Handheld and J are being used i ingly by

ion to their u

health care professionals. In most , in addi to communicate,

s data and libraries. In the

they are used to ac nority of s they are used to
log or evaluate learning experiences. This thesis describes a specific type of data

as an instructional aid.

logging that can occur in real-time using a handheld devi

A software prototype was developed for this thesis that resides on a Pocket

PC handheld computer. Programmed with internationally accepted neonatal

itation algorithms, the device allows an instructor to record events in real
time. The time-stamped data can be uploaded to a desktop or laptop computer for
display or printing. The output, a time series chart, reflects the course of the

resuscitation, and can be used for both reflection and evaluation.

Handheld devices and neonatal training

The NRP Megacode is a simulated ILE, characterized by an initial bricf,

sub:

cquent action, and eventual debric!

premise of this the that an electronic handheld device, with on-screen and

paper feedback, will facilitate and enhance learning during neonatal res n

The software for the handheld device should m nd record the key

traini ure

ion

steps required during a neonatal res imulation or Megacode. and

present findings to the instructor and learner that ate learning.

A sequence of software and hardware evaluations is proposed as part of

this thesis that blends qualitative and quantitative enquiry. and uses focus groups.



questionnaires, and a modified Delphi process to refine the program. Preliminary
feedback from expert users will be presented.
Rationale and hypothesis
For the NRP instructor, evaluation of neonatal resuscitation performance is

not without difficulty. As described in the NRP Instructor’s Manual (AAP. 2006).

the instructor must observe (and time) a multiplicity of tasks, ensure appropriate
performance and sequence, and memorize or record every step to provide

evaluation and feedback. A recording device may case the stress: technological

time (and. in si i “pause™) events

They
receive inputs by telemetry, augmenting information that may not be available to
the instructor, during and after the event has occurred. They can provide objective

ed

ng a computer

screen, video recording, or in the form of scores or

charts. Hand-held technology may permit similar evaluations at short notice,

without the need to prepare a room, staff and parents for audiovisual recording.

A software prototype will be described that allows structor to record

events during a simulated neonatal itation in real time. The time-stamped

data can be uploaded to a desktop or laptop computer for display or printing.

output, a time series chart, reflects the course of the resuscitation. and can be used

to facilitate the instructor-learner interaction.

“The hypothesis is that a handheld device that specifically targets

measures relevant learner performance and feeds it back to the learner and

ilitator. encouraging reflection, will support learning during simulated and,



eventually, real-life neonatal re: ation.

“This thesis outlines the potential role of a handheld device in supporting

itation of neonatal resuscit;

faci ing based on the constructivist paradigm

and using immer

ive learning. It describes the development of educational

software and proposes methods for evaluation.

Thesis Organization

Chapter Two of this thesis is a review of the medical and educational

University medical and

PubMed. and Sage). National Library of Medicine

Omnifile database. Secondary sources included web searches using both Google

and Yahoo! s

rch engines. A hierarchical abstraction model is proposed that

links ivism and neonatal itation training through a concept of ILEs.

A functional model is proposed of immersive learning environment domains in

ify educational activities using methods such as simulation and

order to cla:

virtual reality.

scitation training and the

Chapter Three is an overview of neonatal e

activities that oceur in the providing an ing of the

curriculum covered by an NRP instructor. Chapter Four describes prototype

software for a handheld device designed by the writer to evaluate neonatal

within a fr &

ofanii ive learning envi Chapter




Five proposes how such a device might be evaluated, while Chapter Six provides

a preliminary evaluation of the prototype by expert users (NRP instructors), with

initial suggestions for improvement and testing. Finally Chapter Seven includes a

summary of the thesis as well as conclusions reached based on the developmental

process followed and the resultant device.

-6-



CHAPT TWO

REVIEW OF THE

'ERATURE

Before elaborating on neonatal resuscitation training formats, a dis

of the tenets of constructivism and the nature of ILEs may be helpful in setting the

stage. This will be followed by reviews of simulation in resuscitation care. use of

handheld devices in healthcare, and factors involved in evaluating ress
training.
Constructivism
Life is an immersive learning environment: in the broadest sci

true, particularly when one considers continuous learning experiences of

of this the:

healthcare profession: nd the concepts portrayed

hercin lic in the overlapping domains of teaching and learning. So, although the

term “immersive learning environment” is used in practice, more accurately, one

iis referring to “immersive teaching and learning environments

™ reveals no hits

imme:

A search of the phra: ive learning environmes

in PubMed, the US National Library of Medicine web-based database (US

National Library of Medicine, 2010). There were a handful of hits related to

learnin, i i " that refer to virtual reality. for

example Vincent, Sherstyuk, Burgess and Connolly (2008), who trained med;

students in mass casualty triage using head-mounted displays and computer

simulations. A similar search of Wilsons Omnifile (H.W. Wilson, 2010), a



database of publications in the ficlds of education, business, social sciences and

the humanities. revealed 2 hits, none of which addressed the concept of an ILE,

but related to, firstly, srooms and, secondly. learning through

virtual

ocial networking (Burg

& Caverly. 2009; Huff & Saxberg. 2009). A

web search of Google (Google, 2010) and Yahoo! (Yahoo!, 2010) revealed

multiple hits, mostly related to computer games and virtual reality, but some

related to school-age and university classrooms. It is clear from these searches

that the use of the term, ILE, is new to the medical domain: it may. howeves

important theoretical and practical purposes, supporting prevailing learning
theories as applied to the training of health care providers.

During the carly 20" Century there was a paradigm shift in learning theory

from a behavioural instructivi;

pproach (Watson, 1913), centred on the

her

as the source of knowledge, to a cognitive approach, focusing on the learner as the

processor of knowledge (Elias & Merriam, 1980). Behaviourists like Watson

denied the need to consider il pection or i in human ad:

With respect to the science of psychology: “Introspection forms no essential part

of its methods, nor is the scientific value of

data dependent upon the readiness

with which they lend i ion in terms of

(Watson, 1913, p158). He “would take as a starting point, first, the observable
fact that organisms, man and animal alike. do adjust themselves to their

environment by means of hereditary and habit equipments™ (Watson, 1913, p167).

Cognitivism, however, ized the i of the mind and memory in



human behaviour and learning, contesting the premise that humans leamned solely

through conditioning. Molenda (2008, p14) says of cognitivism that “learners use

their memory and thought proc as well as store and

1o generate strategic:

. thus concepts such as criti

manipulate mental representations and ide:

thinking and metacognition are derived from cognitivist le: g theory. In the

second half of the 20™ Century, the cognitive approach evolved into the

" in the mind of the learner

| concept that k o6

irrespective of the existence of an external reality (Kanuka & Anderson, 1999).

Known as the “constructivist theory of learning™, this approach encoura

presumption that all observations are subjective, there being is no objective

“truth”. This may, at first, give the perception of anarchy, but, in reality. it

reinforces the need for interaction and dialogue for learning to occur, and
knowledge to be constructed.

“1'Office québécois de la

n its “grande dictionnaire™

(dictionary of the French lang, defines constructivism by quoting « la

i une copic de F'objet ni une prise de conscience de formes a
priori qui soient prédéterminées dans le sujet, c'est une construction perpétuelle

inges entre l'organisme et le milicu au point de vue biologique, et entre la

pensée et Fobjet au point de vue cognitif » (1'Office québécois de la langue

frangaise, 2011). This quote, attributed to Jean Piaget, explains that knowledge

neither originates from consciousness, nor is it copied from an external source:

is, however, d by between the indivi and the



environment.

Cons ivism is based on two phi ical tenets. The first lies in the

premise that there is no need for an absolute (or external) reality or truth: the

important reality is internal, perceived in the human mind. The second. most

relevant to learning, is that the mind interprets reality as a series of paradigms that.

it believes, mirror external nd “constructs” knowledge by testing those

ality.

paradigms during interactions with the external world (in other words, through

experiences, dialogues, or reflecti The tested Jigms are reinforeed if

ion. In this

supported by the test, or modified based on the outcome of the inter:

nowledge and meaning are not transferred to the learner as bits of data:

is ™ through i ion and dialogue.

‘The theory was

Constructivism is now a dominant theory of learni

reinforced by the work of Jean Piaget (Harlow, Cummin

who theorised that children learn by constructing models of the external world

from experiences that cither reinforee or modify their internal models

mil

ting”™ or “accommodating™ the experience).

One of the isites of ivism is the i

divided theorists.

I'he nature of this dialogue
constructivists focus on reflection, or internal dialogue, as the primary

mechanism: an extreme view of this position would lead one to question the

existence or nature of the real world. A more pragmatic view of this interaction

was proposed by Vygotsky (Liu & Matthews, 2005), who promoted the

-10-



nterpersonal dialogue, or “social” constructivism in learns

importance of 2 we

learn by sharing experience: iew may be vitally important when healtheare
teams work and learn together.

Constructivist and Immersive Learning Environments

re the real-world correlate of the constructivi

theory of learning.

In these environments, learners test their existing knowledge by interacting with

people or objects, and construct new knowledge by reflecting on the experience.

For the purposes of this thesis. I would like to propose a model for ILEs

that outlines four different types of “classroom™. based on whether the learning

experience is in the physical world (external), or in the mind alone (internal), and

m is presented to the learner (fidelity). This model may

the degree to which re

be of value to instructors who need to think about which ILE they will use. and

how to improve its effe

ton learning.

Duffy and Jonassen (1992) described “constructivist learning

environments™

“They proposed cight conditions that should prevail to enable

learning through social constructivism. They were summarised and paraphrased

in a web-based review by Chen (2000). who stated that:

Constructivist learning environments: provide multiple repre

real multiple ions to avoid implification and

represent the complexity of he real world: emphasize knowledge

instead of k led; i ize authentic tasks

in a meaningful context rather than abstract instruction out of context:



provide learning envi such as real-world settings or case-b

. _— ofi

stead of p

thoughtful reflection on experience: “e ntext- and content-

dependent knowledge construction’; and support *collaborative

of k ge through soct not

among leamers for recognition’”.

Although originally intended for the school classroom, these conditions are

cequally relevant to all Il In these settings, educators become facilitators,

digms and share refl

learners with ities to test

[or teaching health care providers knowledge, skills and behaviours are

tly these ities: the neonatal itation instructor becomes a

ilitator in this situation, with the handheld device a tool to assist facilitation.

“There is, however, another important dimension for ILEs: the balance

his balance

between internal and external reality. 'l s particularly evident when

the ILE

disbelief” to enable internal dialogue (Shakespeare, ¢1599). One might argue that

it is this suspension of disbelief that is the key to effective reflection, rather than
how truc-to-life the simulation is.

Modern simulators are expensive, using high technical fidelity to portray

real-life scena

. being an engineering term, reflects the real

ngineers view fidelity as a descriptor of the

nature of the simulator output.

machine, whether physi or

a simulation. As in a Sh an play, the participant must “suspend



Johnson, 1999, p362). When viewed from the point of view of a neonatal

resuscitation simulator, this fidelity refers to physical cues, such as visual. tactile,

or auditory (Halamek, 2008). The ivist might argue that

“fidelity” is not necessarily re

ant to learning, as it is the internal dialogue, or

perception of realism that is important. It may be preferable to use a concept that

describes “perceived™ fidelity or “realism™ to measure how the mind interprets the

realism of the ILE: to provide this mental correlate to technical fidelity. the phrase

“psychological fidelity” (Halamek, 2008) or term “psychofidelity” (invented for

this thesis) may be preferable. 1 would therefore surmise that ILEs with low
technical fidelity might be constructed to have very high psychofidelity if learners

are adequately briefed, and the experiences were relevant to their needs.

A third type of “fidelity™ is proposed to complete the model. 1L

make sense: actions should result in logical

and temporally appropriate reactions.

In the case of neonatal resuscitation, effective interventions should normally

result in improvement in the simulated patient’s condition within an expected

timeframe. A proposed name for this type of fidelity is “contextual fidelity

aliernatives or subgroups to this concept might be “rational™, “logical”,

“temporal™, or s

quential™ fidelity, all of which reflect the coneept that context is

key to the learner suspending disbelicf. This logical sequence of events may be
described using care maps or algorithms, and be captured and recorded using a

time

stamped method, such as a checklist — or with a device programmed with

ndheld computer.

« (8=



be mani by facili who can cither

adjust the “gain” on the technical fidelity (using high or low technology

simulators), or tum up the “gain™ on the contextual fidelity by presenting real-life

and relevant scenarios irrespective of the The should be

increased psychofidelity. suspens . and perceived realism by the
learner, who is then truly “immersed™.  The NRP Instructor must learn to

manipulate the “gain” of a scenario to achieve learning objectives, particularly if

high technology simulations are not available. Suggested tools include

cretions, re: enarios, ete.

at mimic blood and s tic

effective brief, materi

(AAP.2011). A handheld devi with video recording, would represent

minimal interference in the i sive learning experience, functioning in 11
with low or high technical fidelity or contextual fidelity, or, indeed the highest
fidelity of all. real life!

Given the presumed i of ing fidelity in ILEs, a

theoretical model is proposed by the writer to encompass four overlapping types

imulation, (c) virtual

of 1l

(a) physical real-life, (b) physical (external) s

internal (mental simulation). These

external (virtual simulation), and (d) vi

are represented in Figure 1. This model completes the definition of LT

much in the physical world as in the

recognizing that immersive learning occurs

these domains are not mutually

mind of the learner. 1t should be appreciated ¢

exclusive, but a means of describing a variety of ILEs without referring to the

fidel

relative contributions of psychological, contextual and technic:

s14=



Figure 1. Diagrammatic explanation of four types of immersive learning
environment and their relationships o internal and external modelling as well as

to technical fidelity ver

yehofidelity versus contextual fidelity.

IMMERSIVE
LEARNING AND
TEACHING
ENVIRONMENTS

| EXTERNAL MODELS INTERNAL MODELS
Pysical Physical Virtual Meual
REAL LIFE SIMULATIONS. SIMULATIONS SIMULATIONS.
| Use "techuical fideliry” t0 assizn |

Use "contetual fidelity” 10 assign
temporal and rational (logical) ealisi

Physical real

Real-life events may be viewed and uti

fidelity is maximized, and no

However, knowled; ion can still be facili and enhanced

were in a simulation. Research shows that debriefing afier real resuscitations has

positive outcomes for participants (Dine, Gersh, 1

ry. Riegel. Bellini & Abella,

5=



2008: Edelson, Li

inger, Arora, Walsh, Kim, Lauderdale, Vanden Hoek. Becker

life

& Abella. 2008). Their results reaffirm that r s a very effective learning

e ind psychological fidelity. The tools

pericnce, with high techn

and video

used to reinforce learning in simulations, like debriefing chec
recording. may be casily transposed into real-life learning, and would be expected

to enhance that learning.

Physical simulations

These ILEs are central to neonatal resuscitation training and come with

andardized simulated

varying technical fidelity. NRP Megacodes are

rest

ons during which the learner is evaluated using a validated checkl

tool. Megacodes. for most learners and instructors. tend to be low technical

hofideli 1 and institutions do not

fidelity and vary in most

ned for use in

fidelity manikins d

presently have access o the high technic

ada, with NRP

health training simulations. For example, Alberta, Ca tructors

has no centre routinely

in approximately 50 perinatal cent sing high fideli

ion, Dr. Khalid Aziz, Chair.

simulation for NRP t

ing (personal communi

Neonatal Coordinating Committee. Alberta).

During physical simulations, contextual fidelity is usually provided by the

instructor guiding the student(s) through the scenario with verbal promplts in low

hnol or with comy d actuators in high

s and context

“The superiority of a human providing cu

during simulated neonatal resuscitation over a high fidelity machine (or vice

-16-



versa) has not been adequately studied (Aziz, 2010). There i

that high fidelity simulations may be preferred by |

studies does not allow for firm conclusions.

Virtual simulatios

‘These virtual ILEs are exemplified by computer-based learning systems, of

varying technical fidelity, ranging from text-based problem solving to

nulations with

correct three-dimensional surgical virtual reality

haptic sensors tha

allow operators to “feel” tissue.

d or web-based le: 2 might be included in th

category. These simulations are mentally generated by interaction with a

computer or virtual sensory system. With suspension of disbelicf. the

hofidelity can be high. In addition, virtual reality can present the leamer with

ps

echnical and contextua

very high levels of fidelity.

Mental simulations

This ILE overlaps with all three previous ioned types, on

[ ists of Piaget

the degree of ion of disbeli

would argue that th in fact, the only model that we experience, as our minds

cannot have perfect replications of the external world. Instead we have a

model d from our i and pre-existing

such that 1 2
can be built up by individual knowers within the sensory and conceptual domain

of individual experience and without reference to ontology™ (Steffe & Thompson.

=7



2000, p4). In this framework there is no absolute truth, and paradigms are always

open to question by new experiences.

Virtual internal ILEs include thought experiments, and leamers placing

themselves in imaginary scenarios, using internal reflection and external dialogue

1o test courses of action. Such experiences be triggered by any form of ¢:

based learning where the learner immerses themselves in the moment.

Three phases of constructi

t learning

nition of 1LEs

A further refinement in the def

is the premise that, ideally,

teps of preparation (before

rinstruction). This

Learners need (o sf

r

are either indivi or

tcam-related. which may be reinforced by a *brief™ (or may simply reflect their

existing naive, knowledge or experience). The sub, T— o

ills and s 10

allows them to expericnee and test ,

varying degrees. In the final phasc, reflection may be internally mediated. or it

may be facilitated by formal debriefing (Dreifuerst, 2009). Given the above, and

in the educational sense., I would define an immersive learning environment (1L

as
“an event experienced by an individual or team with the primary and/or

secondary purposes of improving dge, skills, o bel

s, and of

preparation for similar future tasks. ILEs may be planned. spontancous, or

=iI8=



serendipitous, but do, however, always involve a preparation, action, and

reflection. Simulated 1LEs may be physical, virtual, or imaginary (mental).

and of varying technical and contextual fidelity. Increased perception of

T fidelity) during si ion requires ion of disbeli

tic and timely consequences of actions

Using abstraction hicrarchy (Lind. 1999), parallels may be drawn between

and the NRP simul

learning theory, ILI ion, all of which contain

the same three phases of learning. Table 1 shows the three hicrarchies of the

learning model being studied in this paper, with the ph:

s of learning running

from left to right. The highest abstraction is constructivist learning theory. where

a paradigm exists, is tested, and cither assimilated or remodelled. The middle

level is the ILE, a type of constructivist learning environment where there is

preparation, (inter)action, and reflection. The lowest level is the neonatal

resuscitation training experience, where there is prior knowledge and experience.

code experience, and a debrief (or feedback). The model has remarkable

a Meg

symmetry: other hierarchies may be added to complete the model. such as the

evaluation and assessment tools for each phase. or charactel

participant or facilitator.

How does this all relate to reality? For the NRP instructor, eval

neonatal res ation performance is fraught with difficulty. As des
NRP Instructor’s Manual (AAP, 2006), the instructor must observe (and time) a

performance and sequence, and memorize

ly of tasks, ensure approp
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learning

ble 1. Drawing parallels between constructivi

and neonatal

training.

Constructivist

learning theory

BEFORE

DURING

Existing internal  Paradigm is tested

paradigm

through

external world

Immersive isting Real or virtual
learning individual or team  interaction with a
cnvironments planned,
or behaviours spontancous, or

serendipitous

experience
Neonatal Prior |L-uming " Performance of a
! knowledge and i
training experience) in

neonatal

st learning theory., immersive

AFTER
Paradigm is
strengthened or
modified based on

outcome

Reflection and

dialogue is

ilitated to

reinforce learning
and action in

future experiences

Review, feedback,

and debriefing



every step to provide evaluation and feedback. A written checkli: in this

cevaluation but is limited to the nature of the scel . and inadequately

accommodates time measurement. Scenarios m and not fita

y vary widel

particular paper checklist. On the other hand. technological recording systems can

ly time (and, ") events. They can reccive inputs

by telemetry, augmenting information that may not be available to the

ructor.

They can provide objective feedback, in the form of scores or charts. Video

recording has shown that. in real-life, neonatal res ation does not always

follow the algorithms recommended in NRP (Carbine, Finer, Knodel & Rich,

milar evaluations without the need to

2000): hand-held technology may permi

prepare a room and staff (and parents, in real life) for audiovisual recording.

Ce and i ive learning

Computer a; ed learning has been touted as an ideal format for

constructivist learning which, by its nature should be both facilitated and self-

directed (Herrington & Standen, 2000; Tam, 2000). A number of instructional

principles that operate during computer a ed learning derive from

constructivism. Murphy (2003) summarized these on a website from an original

text by Jonassen (1991):

Learning should be relevant;

Instructional goals should be consistent with the learner's




Cognitive demands and tasks in the learning environment should be

for the environment for which

co ent with cognitive demands and tasks

the learner is being prepared.

Teachers' role is to challenge the students' thinking:

Students' ideas should be tested against alternate views through social

negotiation and collaborative learning groups: and

[Educators should encourage reflection on the learning process.

T'he implication for this thesis is that a handheld device that specifically

ures relevant learner performance and feeds it back to the le:

targets and my ner

and facilitator, encouraging reflection, should be strongly support learning in the

vist paradigm.

and nconatal

2
2
E
2
3
g
a

citation training in North America has

contextual fidelity. Neonatal resu:

embraced simulation as a means to teaching and evaluating learners (NRP Update,
2009).

Evaluating simulation

Simulation in the health care industry has become *
expansion in availability of high technical fidelity tools (Campbell, Barozzino,

Farrugia & Sgro, 2009) (and limited utilization because of both capital cost and




the cost of human resources). A number of computer controlled maniki

available on the market that simulate the signs of a pa

ills or behaviours.

and that allow learners to test their knowledge.

Canada include SimNewB©, manufactured by Laerdal. Norway. and S3010

Newborn HAL® Mobile Team Trainer (Gaumard, USA). An important question

for edu th care industry is whether simulation-based training

makes any difference to learner, patient, or system outcomes — more study i:

needed to clarify this question. Three systematic reviews of this very question

were performed by the International Liaison Committee on Resuscitation (ILCOR.

ulation in the classroom, but

2010) that concluded some benefit from

insufficient evidence that clinical outcomes were changed.

Kirkpatrick (1994) el s for evaluating

educ:

ional programs by defining four distinct outcomes: (a) reaction, (b)

learning. (¢) transfer, and (d) results. These evaluations should not be confined to

quantitative studies. very relevant to the proce:

learning and teaching.

NRP could be evaluated using “Reaction™

irkpatrick’s proces

the ion of the jonal program by

may be queried on subjective perceptions such as value, confidence, and

ners’

. NRP course ions fall in this domain, as well as lc:

of their k ledge, skills and after training. Reaction

vital to an effective educational experience. as adult learners are encouraged or




discouraged by how important and relevant they feel a course is to their own goals

and objectives.

“Learning” in Kirkpatrick’s model represents the subjective or objective

measures of whether learning happened. best represented by the pretest-postiest

a common method to evaluate course outcomes, being c:

to administer, validate, and reproduce. In NRP we hav

written exam and the

Megacode.

er” relates (0 me ofan

ured changes in practice

a consequenc

educational program, and to outcomes that are distant to a training event. Itis

important to know whether what is learned in a course trans

les into practice. It

be, however

quite diff

It to measure and often requires longitudinal study

and future observations. Diff

culty measuring distant outcomes may be

ded by the infr and i need for neonatal re:

ation.

Lastly. the most challenging aspect of Kirkpatrick’s model is the “results™

phase. Although patient outcomes are the most important outcome of healthcare

education, they are infrequently studied and measured. particularly with newer
educational technologies (Curran & Fleet, 2005). Patient outcomes are the “Holy

Grail” of educational research, and should be considered whenever a new,

resource intel

such as NRP or simulation,

sive, learning interventior widely

proposed. Unfortunately, to date, literature searches revealed that no good
prospective studies have been done investigating the clinical benefit of NRP

training on the clinical outcomes of babies (ILCOR, 2010).
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neds

In an evidence review of the literature by the International Liais

Committee on Res tion (2010), all controlled studies involving teaching

usc

simulation were reviewed by three

resuscitation to health care providers using

separate authors (Khalid Aziz, Lou Halamek, and Jane McGowan, all members of

the AAP Neonatal Resuscitation Program Steering Committee). |

anned included PubMed, EMBASE, Cochran

copus and Omnifile. Studi

were included if they related to ion and d simulation-based and

dless of level of technical fidelity. The

ion-based training.

reviews included adult, pediatric and neonatal resuscitations. One reviewer (Aziz.

1, virtual versus real, and adult

2010) categorized studies by Kirkpatrick lev

itation. There were 37 rele:

resuscitation versus neonatal re:

publ were limited in quality: part

shed up to February 2010. Al studies

noteworthy was the absence of primary outcome measures and/or power analyses

for those primary outcomes. Studies focussed on either physical or computer-
“The outcomes of these studi

based simulatior

fell into two categories. The

first category encompassed educational outcomes (Kirkpatrick’s “reaction™ and

studi

essentially

ming”), and represented the majority of studies. Th

asked whether simulation training improved learning, as tested by learner or

course outcomes. The second category, only three out of 37 studies, measured

clinical outcomes (“transfer” or “results™) by looking at changes in practice or
patient outcomes — none of these included neonatal resuscitation. so no conclusion

could be drawn as to whether simulation training improved the outcome of babies.



Five of the 37 studies reviewed looked at the educational outcomes of

neonatal resuscitation training (as opposed to older patients). Three of them showed

no improvement in learner outcomes when simulation w: ared with controls

iro, Guimaraes & Calheiros,

(C: 2009: Curran, Aziz, O"Young & Bessell. 2004:
Kaczorowski, Levitt, Hammond. Outerbridge. Grad. Rothman & Graves. 1998). This

neutral outcome  w;

not surprising, considering that these studies were

no.

underpowered.  Two studies appeared to be supportive (Campbell, Baroz:

Farrugia & Sgro, 2009; Thomas, Taggart, Crandell, Lasky, Williams, Love. Sexton,

Tyson & Helmreich, 2007), suggesting that simulation training might improve

he ion drawn from this

learning during neonatal itation course:

literature review was that simulated ILEs when used to teach resuscitation may have

mproved learner outcomes, but have not been shown to improve

Recogr ¢ that ILEs include a post-event debri

erature on debriefing that supports this activity in both real and simulated

ation and resi

situation: ation training were also

Debriefing after both resu

on Committee on Res tion in 2010. In this

reviewed by the International
case two reviewing authors were in disagreement regarding the strength of

evidence in support of debricfing as a learning tool. There was general agreement,

however, that learners valued debriefing as a learning strategy. Again, few studies

look at Kirkpatrick’s higher leve nd the impact on patient outcomes. thus
affirming an important knowledge gap.

Given the potential benefits of simulation and debriefing on learner



outcomes, a tool such as a handheld device that facilitates observation and

feedback may be beneficial in facilitating a simulated or real res ation.

Further study would be required to validate and test such a tool. The next section

reviews the evidence for the use of handheld devices in a variety of [LEs.

Handheld computers in healtheare

The hypoth

that handheld (computing) devi Iso known as personal

digital assistants (PDA) and smartphones, can be used effectively to observe and

record events during neonatal resuscitation is based on two factors: firstly. the use

of handheld devices in medical practice, and. ondly, the use of evaluation tools

itation performance.
Koope and Mosges (2002) reviewed the use of handheld devices studied in

clinical trials, ing on the ges and disad ges of the

and concluding that handheld devices are useful in most circumstances, provide

attention has been paid to software design and validation. However, reviews of the

andheld devices in health sciences indicate opportunities for more diverse

jons (Fischer, Stewart, Mchta, Wax & Lapinsky, 2003; Torre & Wright,

2002). Fischer. Stewart, Mchta, Wax and Lapinsky (2003) performed a

matic review of articles de:

ribing a variety of uses that included basic

functions, access to medical literature, pharmacopocias, patient tracking

applications, medical education, rescarch: business management, prescribing, and

specialty specific applications (including family practice. pediatric. pain

management, eritical care, and cardiology).



'mam (2006), in a systematic review of PDA usz

Garrity and

onals. Overall adoption rates ranged

identified 23 surveys of health care profe

and those

from 45% to 85%, with higher rates among young physicians, resident

incidentally, is where most

working in large, hospital-based practices. Thi

neonatal itation and neonatal resuscitation training occurs. The authors also

concluded that technology is no longer the barrier o the use of handheld devic
More recently, Lindquist, Johansson, Petersson, Saveman and Nilsson
(2008) performed an extensive review of the use of PDAs by health care

. and their use was

personnel. They concluded that PDAs were viewed positiv

considered both feasible and convenient. The heterogencous studies pointed to

usefulness, efficiency, satisfaction, and reduction of errors. They also noted that,

s, indi

ating that

of 48 reviewed articles, only six were randomized controlled tria

the evidence of benefit was weak. They concluded that further study was needed

to evaluate when and how to best use the devi

s related to PDAs in PubMed

Searching randomized controlled trial

Leung, Johnston, Tin, Wong, Ho. Lam

revealed investigation of a varicty of uses.

and Lam (2003) found PDAs superior to pocket cards as decision support tools for

medical students engaged in patient care. The same group of investigators,

however, discovered hurdles in the use of PDAS related to user preferences and
lack of familiarity with the technology (Johnston, Leung, Tin, Ho. Lam &
Fielding, 2004). However, one might question whether that would be a problem

with today’s technology-savvy students. One of the most interesting studies



provided lay providers with a mobile device that provided decision support for
resuscitation, the control being no training at all. In this study, Ertl and Christ
(2008) showed that untrained providers performed better in the simulation with

prompting from the handheld device. None of these randomized controlled

studies specifically utilized the handheld device to observe, evaluate and provide
feedback: they do. however, demonstrate that these electronic tools can impact
learning and care in acute care situations.

Other studies that could be categorized as observational and subjective
revealed that handheld devices are being used increasingly by healtheare
providers. A survey by the library services at the University of llinois at Chicago

in 2004 showed that 61% of respondents used handheld devices (De Groote,

2004). The same year, a survey of pediatricians across the USA by Carroll and

Christakis (2004) showed that 35% of pediatricians used a handheld device at

work. Both these studies recognized that the majority of use was for the purposes

of ization (largely ing). calcul and storage of information (often

proprictary reference material). More recently, the Internet connectivity of
handheld devices and smartphones has expanded their capability and use, but also

and ication, rather than self and

evaluation the primary role (Garrity & I Emam, 2006).

Aside from randomized controlled trials, several authors have observed the

clinical use of handheld devices in both acute and ambulatory settings. Lapinsky.

Weshler, Mchta, Varkul, Hallett and Stewart (2001) used focus groups to study
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the impact of the introduction of handheld patient management sofiware to
intensive care staff: Physicians and paramedical staff found them “convenient and

I'he

functional” but suggested that more training was required in their us

electronic format compared well with paper. but was felt to improve

communication between caregivers. VanDenKerkhof. Goldstein, Lane, Rimmer
and Van Dijk (2003) used handheld devices to record clinical data on pain
management: using a “time and motion” design. they found that handheld devices
were as efficient and “content-rich™ as paper, with the added benefit of digitized
data for audit and rescarch. Use of handheld devices for clinical management in a
burn unit showed that data entry was 23% faster than using a desktop computer,

and that operators made 58% fewer errors (Lal, Smith, Davis, Castro. Smith.

Chinkes & Barrow, 2000).

T'he educational use of handheld devi

s has largely been confined to

evaluation, essentially the recording or logging of performance. A number of

studies show that residents can effectively record patient interactions. procedures.

and critical incidents, thereby providing opportunities to evaluate training and

improve curricula. Bird, Zarum and Renzi (2001) found that handheld deviees

resulted in more efficient logging of emergency resident patient care: whereas

cher, Lapinsky. Weshler, Howard, Rotstein, Cohen and Stewart (2002) found

that staff required more training to log reliably, even if the information could be

used more readily. Three studies showed that gaps in training and in residency

curricula could be exposed using data collected by handheld devices (Bent.
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. Haden

002

. Creati, Patrick & Colson,

ngum, 2003; MacNeily., Neua

& Goldenberg, 2003). Of relevance to evaluating simulations and real-life events

cribed the effective use of a

found in nconatal resuscitation, Schmidts de:

tive structured ¢

handheld device to evaluate an obj | examination (OSC
(Schmidts, 2000): although the observations were subjective, feedback was.

positive on case of use, rapidity of feedback to students, and time-saving. A

eff

. and more

sim

r study by Treadwell (2006) found PDAs to be
cfficient in time for evaluating OSCEs — preceptors perceived them to be superior
1o paper. Fox. Day. Griffin and Huckstadt (2007) described the development and
testing of a PDA for health care provider training: they showed the PDA to be

superior to paper and web-based logs for completion of data coll Ina

iner. 2007)

literature review, a different group (Fox. Felkey, Berger, Krucger & K

found improved data collection by ists in 12 studies.

Torre. Simpson, Elnicki ian and Holmboe (2007) showed that mini-
clinical evaluations could be performed on medical students using PDAs - the
tool was highly rated by both preceptors and students. Penciner, Siddiqui and Lee

(2007) showed that medical students could log their own emergency department

encounters on PDAs: unfortunately half the students never reviewed their
evaluations when they were made available on-line, and only one out of six found
the process beneficial. The inference was that, as adult learners, this evaluation

tool not useful. One would ¢

pect that the more immediate feedback that

might be available on a handheld device following a simulated resy
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would

would appear more valuable to the educator and learner:  this hypothesi:
require testing.

In conclusion, evidence from the literature poi

acceptability of handheld devices by health care prof

relates 1o access to medical information and logging of workload. There is limited

information on the use of handheld devices for evaluation, particularly during

acute care i ions such as itation, but available infc ion is positive

and supportive.

Design-Based Research

and evaluation of a PDA to facilitate neonatal

The developmen

may be considered “design-based research™ (DBR).

DBR is a means of matching theory to practice — through the process of

of methods or i onc is able to advance new theori

test them: ““there are times when one has to create something to explore its

properties™ (Schoenficld. 2006, p193). An ILE is a concept that brings together

theories of adult learning and constructivism. and the PDA is a tool that works

within this fr k. Developing and evaluating the PDA is indeed a process

matching theory and practice.

What are the practical implications of DBR? Sandoval and Bell (2004,

p200) stated “Design-based research simultancously pursues the goals of

developing effective learning environments and using such environments as

This ex

natural laboratories to study learning and teaching.™ iting concept turns
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our classrooms into test tubes where educational theories react with real-life
experiences, where constructivism is tested against the care of a sick baby.

facilitated by computer-based tools.

The Des

on Based Research Collective (2003, p8) identified four
promising directions for DBR in education: “(a) exploring possibilities for

ching environments. (b) developing theories of

creating novel leaming and tea

ed. (¢) advancing and

learning and instruction that are contextually ba

design jge. and (d) ing our capacity for educational

innovation.” Neonatal resuscitation training in 1|

s is very much a novel ficld for

which the use of handheld devices to augment learning and teaching has not

previously been described. The educational theories underpinning this activity are

time. The PDA and its utilization require further

being applied for the firs
investigation and may. in the long term. bring us closer to understanding how
individuals and teams learn during critical healtheare events. This project may be

» hodall

ed rescarch”, a v that has

viewed through the lens of “desig;

potential to bring new ing to neonatal ion training.

ummary

In this literature review chapter the concepts of the NRP Megacode as an

ILE. and ILEs as constructivist learning envi have been introduced and

clarified. The process of learning has been broken down into three phases: the

brief. the action, and the debrief. The literature on neonatal resuscitation training

using simulation was reviewed. demonstrating significant gaps in current



knowledge, but supporting the inference that simulation and debriefing may
improve learner outcomes. The literature on the use of handheld devices by

healtheare personnel was also reviewed. demonstrating this to be an expanding

field, with a wide varicty of potential uses, including the evaluation of ritical

events.



CHAPTER THREE

NEONATAL RESUSCITATION

“The previous chapter outlined the educational theories underpinning

immersive learning environments and how they might apply to neonatal

itation training. The published evidence deseribing and supporting the use

of handheld devices in med

al education was also examined. This chapter

focuses more specifically on neonatal resuscitation and how this relates o a tool

that could be developed to facilitate training for this.

T'o develop an educational tool it i

s necessary 10 map the educational

processes involved. Itis proposed that six domains contribute to evaluation of

neonatal res

tation performance,

h affecting overall evaluation and its

usefuln

These are the standard of practice, the individual being evaluated, the

setting

which the resuscitation occurs, the medium by which the resuscitation is

observed and recorded. the tool used to evaluate performance, and the observer.

The standard of practis

In North Ameri

ca, t

ng of health care providers in nconatal

resuscit

fon of newborn infants s largely ba

Program (NRP) (Ameri

an Academy of Pediatric
Association, 2006), which is the nconatal education program recommended by

Iealth Canada (2000). The NRP. in turn. is

based on best av

lable evidence and

expert consensus. in particular that outlined by the International Liaison



Committee on Resuscitation (Kattwinkel. Niermeyer. Nadkarni, Tibballs. Phillips.

Zideman, Van Reempts & Osmond. 1999). As a result one looks to these sources

to establish a standard by which providers are as ed. The NRP manual clarifi

the basic knowledge. skills and behaviours required of a neonatal resuscitation

practitioner: knowledge is evaluated by multiple-choice questionnaire. whercas

skills and affective learning are evaluated by observed simulations or

“Megacode™. During a Megacode, an instructor is physically present, recording

the performance of a pair of learners by completing a formal or informal checklist
“The instructor then provides feedback once the Megacode is complete.

The Megacode checklist started as a list of over 100 fields. developed as
part of a simulation study at Memorial University (Curran, Aziz, " Young &
Bessell. 2004). The checklist was compressed in a second study (Lockyer.

Singhal, Fidler, Weiner, Aziz & Curran, 2006). and further developed using a

maodified Delphi process. It was then validated using an internet survey of NRP
Instructors and observations of video recordings of simulated resuscitations by a
number of instructor observers.

“The resultant validated Megacode Assessment Form (Canadian Paediatric

Society. 2006) has been in educational use in Canada since 2006. For the
purposes of this study. it was converted into a time-sensitive template (Appendix
A) that was used to code the basic algorithms in the PDA software. During the
Megacode. individual items during resuscitation can be scored as (a) not done. (b)

done incorrectly or out of sequence. or (¢) done correctly. Certain items can be



scored as oceurring more than once.

The individual being evaluated

“The NRP Megacode is based on the principle of instructors evaluating
providers (cither for first time learners. or during provider updates which oceur
every two years); these are usually providers who have just completed a self-

learning module (the NRP Manual), as well as a written (multiple choice) exam.

s of experience and

Itis clear. however. that providers come with all level
expertise.

Individuals vary in their ability to retain knowledge. skills. and behaviours.
Curran. Aziz. O Young and Bessell (2004) showed that these three characteristics

of learning were often poorly related in medical students learning NRP. and that

there is therefore a clear need to introduce both objectivity and on-going

evaluation to ensure that providers perform in all these arcas. In addition, studies
of retention of NRP knowledge and skills in both medical students and residents

show a degradation of ability over several weeks or months (Kaczorowski, Levitt,

ad. Rothman & G 1998: Levitt, Kaczorowski.

Hammond, Outerbridge. G
Outerbridge. Jimenez, Connolly & Slapeoft. 1996; Skidmore & Urquhart, 2001).

andheld

A simple system for on-going evaluation and feedback. such as a

cheeklist would facilitate provider evaluation in the field, as well as keeping a

andardized record of learner performance.
T'he evaluative scope of the handheld tool has been deliberately limited to

evaluation of the skills required for nconatal resuscitation. The review of the
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simulation literature at the inception of this project did not find a validated

checklist for NRP provider behaviours. More recently. Thomas. Taggart.

Crandell, Lasky. Williams, Love. Sexton, Tyson and Helmreich (2007) developed
such a tool. They suggested that three additional “tecamwork™ domains require

evaluation during neonatal resuscita and

communication. It is becoming clear that teamwork during resuscitation is an

important factor that contributes to effective care. and has its own set of

knowledge, skills and behaviours (in addition to knowledge, skills and behaviours
attributed to learners. In their study. Thomas. Taggart. Crandell, Lasky. Williams.
Love. Sexton, Tyson and Helmreich (2007) coneluded that even bricf training in
teamwork competencies improved task performance in later simulations. More

research is required 10 evaluate and develop the mos

effective means of training

Future iterations of the software of the

and evaluating teamwork competencis

research could introduce validated

handheld device being proposed by thi
evaluation tools for both individuals and teams.
The setting in which the resuscitation occurs
I'he NRP course and Megacode are unique settings. and are quite different
from real-life. The challenge for institutions and instructors is to develop a means

of assessing on-going performance and adherence to standards.

A significant advantage of a handheld evaluation deviee may be its
applicability to both low and high technical fidelity environments. The PDA is

simple. portable, and requires minimal setup. Most resuscitation training oceurs
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also true of real-|

Itis

outside expensive. high technology laboratories

tations that the instructor needs minimal distraction from the important tas

SUS

of mentoring the learner. The PDA is unobtrusive and casily put aside i
supervisory intervention is required

Studies by Carbine, Finer. Knodel and Rich (2000), and Finer and Rich

iscitation by

(2004) used video recordings to show that performance of res

in real-life differed substantially from that recommended in

experienced provider:
the NRP text. An alternative to real-life evaluation might be high technical

fidelity simulation as described by Halamek. Kacgi. Gaba. Sowb, Smith. Smith
and Howard (2000). However, both video recording and high technical fidelity

and resources. For now. it is likely

orga

require
that most NRP training will continue to oceur in low technical fidelity. simulated
ILEs.

I'he interesting question relating to settings is whether evaluation tools
designed for simulated 11LEs can be transferred in to real-life ILEs. Itis important
1o keep this question in mind during the development of the handheld device and
its software. If all learning occurs “internally™ the tools that support that learning
should not differ substantially between simulated and real 1LEs. or indeed
physical. mental and virtual 1LES.

n is observed and recorded

ta

The medium through which the resus

I'he existing NRP M is designed for sy

evaluations by Instructors. The instructor is required to observe and interrogate



both visually and verbally while providers perform the simulation.

In addition to video recording. distant technologies have been used to

Cronin. Cheang.

evaluate the performance of NRP with varying levels of succ

ing video

Hiynka, Adair and Roberts (2001) suggested that teleconferencing us
was an effective means by which one might evaluate a simulated resuscitation
With more discrete item analysis. Curran. Aziz. O"Young. Bessell and Schulz
(2005) found that evaluation of effective bag-mask ventilation on a video sereen
did not correlate with face-to-face evaluation. In this circumstance a direct feed off

ventilating pressure might have enhanced instructor performance.

The handheld device and software are primarily designed for face-to

synchronous learner evaluation. However, it is likely that this tool would be

amenable to ¢ ion for distant and asynch luati A validation

process. such as that described by Curran, Aziz, O”Young. Bessell and Schulz
(2005) would be required to confirm this inference: instructors could compare

their use of the tol in face-to-face and video recorded simulations or real life to

be used

evaluate the utility of the handheld device. In effect, a PDA device ma

irdless of the distance between the learner and the instructor.

The tool used to evaluate performance
Critical thinking is required to both perform and evaluate the complex

in abstract concept made up of multiple

ation. As

tasks found in neonatal resusy
complex steps, eritical thinking is more difficult to evaluate than factual

ems like the

knowledge or skills. particularly when it relates to interactive sy
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human body and a resuscitation team. As a result. simplified. algorithmic

mulati

used o evaluate NRP performance. €

ns (Megacodes) have bee

ions make studen nterpret data, make decisions, and develop sy

plans of action™ (Weis & Guyton-Simmaons. 1998, p33). There are high

tis 0

expectations of an evaluation tool these multiple actions with

respect to knowledge. skills. and behaviours. Therefore any initial prototype PDA

device would be appropriately limited to the evaluation of skill

Evaluation can be item specific or global. Murray, Boulet. Ziv.

Woodhouse. Kras and McAllister (2002) and Boulet. Murray. Kras. Woodhouse.

MecAllister and Ziv (2003) validated tools for evaluating clinical simulations in

both ways. which they described as “analytic™ or “holistic™. Both methods

c

correlated well with one another and final score. The Megacode is very much an

analytic tool. focusing on specific steps and interventions. The proposed

prototype in this rescarch mirrors this model. In future, holistic evaluation tools

fulness) of the handheld device. in

may be added to augment functionality (and us

particular in the domains of teamwork.

Another important evaluation outcome is how students perceive their

bility to perform. According to Bandura (1977). self-efficacy is an import

determinant of learning outcomes and future practice. Curran. Aziz, 0" Young and

Bessell (2004) used both checklis -

and focus groups to evaluate confidence

efficacy). surprisingly showing poor correlation with knowledge and performance.

Adding this dimension to an evaluation may also augment software functionality.

~4]l-



T'here is also a need to develop a tool that will provide a structure and
scale to evaluation. so instructors and learners can discriminate strengths and

weaknesses, and provide/receive constructive feedback. To create and validate

such tools one needs to establish so-called “norms™ within which experienced

practitioners perform. Lane. Finer and Rich (2004) demonstrated just this in
determining that time taken to intubate during resuscitation can be safely extended

10 30 seconds (from the NRP recommended 20 seconds). Thus, practitioner

performance is a moving target: although the Megacode checklist has significant
content and face validity. more needs to be done to confirm its validity in the real-
world. Development of an electronic tool that will observe resuscitation will

provide new opportunities to validate the Megacode checklist itself.

The observer

Evaluation of NRP using the Megacode i based on instructors” analyses

of performance. As a consequence the existing Megacode checklist has limited

validity for peer- or self- nent of performance in real-life. video-recorded
scenarios. or simulations.
A handheld device could be used by a learner or practitioner to evaluate

other learners or practitioners in both real-life and in recordings. Whether in real-

time or asynchronously. the device will permit review of the steps of resuscitation.

Ultimately. as technology becomes available, handheld devices might

simultancously record video images over wircless connections. allowing video

feedback for debricfing and quality improvement



Whatever the technology or medium, an observer is presently required to
enter learner performance and annotate the checklist. In future. sensors in a

manikin or in res

uscitation equipment will be able to directly enter data into the
handheld device. augmenting evaluation. Curran, Aziz. 0" Young. Bessell and
Schulz (2005) used such sensors in evaluating instructor performance.

demon:

rating an inability of instructors to agree on adequate ventilation using

isual cues.

and poor correlation with electroni

ally observed ventilation.
Summary
The handheld PDA device containing prototype software being developed
as a key part of this research will focus on learner skills described in the
internationally accepted and validated NRP Megacode cheeklist. It is recognized
that future iterations may add options for holistic evaluation of individual and

team behaviours, direct interaction with the ILE, and asynchronous or distance

learning.

he six domains of learning that potentially contribute to neonatal

resuscitation training were proposed and reviewed. empha

sizing the complexity of
training for critical events in healthcare
A tool that facilitates reflective practice should work as an intermediary

between the learner and the instructor/observer/fa

litator. It should ideally work

ina variety of settings, real-life or simulated, face-to-face or dis

nt, synchronous
or asynchronous. It should confirm the timing and sequence of neonatal

resuscitation, benchmarked against NRP a

orithms. It should facilitate reflective



practice in keeping with the prerequisites of an ILE. Can a handheld computer

meet these prerequisites? The next chapter will outline the potential role of a

handheld dev

n facilitating (caching and learning in during neonatal

resuscitation training,
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CHAPTER FOUR
A PROTOTYPE HANDHELD DEVICE

By this point. I have discussed (a) the theoretical constructs underpinning

the Megacode: (b) a framework for evaluating an ed I program or tool

and (d) the

(Kirkpatrick, 1994): (¢) the evidence that simulation impacts learning

isingly by health care

evidence that handheld technology is being used ine
professionals. This chapter describes the proposed software and respective
hardware that will be used to facilitate learning during a Megacode using a hand
held device

Requirements will be specified and promising software and hardware
presented. The final steps of software evaluation, however. require input from the
The later process will be

wider community of computer experts and end users.

ed in future subsequent chapters of this thesis.

Technological requirements
At the time of inception of this project. smartphones were in their infancy.
and the predominant handheld device was the personal digital assistant (PDA or
pocket computer). Considerable thought was given to the existing choices of
Pocket PC (Windows®) systems and Palm®. This decision was taken in
consultation with the software designer. As the task of data entry was to take just
a few minutes with several data entry points. the proposed sofiware design would

llow grading

track performance of the Megacode in real time: focus on usability

of learner performance: time-stamp events: and produce a user-friendly graphic



report

Given the case of interfacing between personal computers operating.

indows® and the “Pocket PC™ systems. the de

sion 1o use these operating

systems was made. Software was designed for the Pocket PC platform usi

Microsoft's NET Mobile SDK (Software Development Kit available from

as well as a fast

Microsofi®). The software included the Megacode checklist,

method of grading cach task. Because it was intended o run on a mobile device in

rapid real time. text data entry was not an option - radio boxes (indicating varying

degrees of suceess) were used instead. with arguments derived directly from the
NRP algorithm and Mcgacode.
Software was designed to be loaded onto the personal computer and PDA

using a Windows installation package available on a CD-ROM. The process is

simple and intuitive. Software requirements included the Windows XP or 2000

operating systems loaded with ActiveSyne and NET Framework 1.1 or higher

freeware from

s were designed: the fir

I'wo graphic user interfac would appear on the

PDA (sce Figure 2). permitting data entry in real-time. the second on the

interfaced personal computer, showing a graphical representation of the Megacode

(see Figure 3). Data would be saved in time-stamped files that would be

able for later analysis. Once

nstalled. users would only need to know how

to save and retrieve files.
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Software installation requires Windows XP or higher. The desktop should

amework installed. The installation CD-

already have ActivSyne and NET

ROM has two installation programs: “Neonatal PPC setup™ installs on the
handheld device using the ActiveSync interface: “Neonatal Desktop setup™ installs

to the Program File directory of the desktop by default. Installation is simple and

takes a few seconds.

andheld Graphical User Interface

User-centred design. The principles described in the design philosophy
known as “user-centred design” (UCD) were used to develop the PDA graphical
user interface (GUI). UCD is a process that recognizes the characteristics. needs
and wants of the end-user during the development and evaluation of a user

interface. Kontogiannis and Embrey (1997) describe UCD as requiring an

understanding of the user. engagement of the user. and feedback from that user

during the development process. In keeping with constructivist learning theory.

the team developing a human-computer (or -engineering) interface requires (a) “a

cognitive engineering approach to user requirements™, (b) “user participation and

communication processes™, (¢) “iterative design and review of operational needs™
(Kontogiannis & Fmbrey, 1997, ppl10-111): in this way. knowledge about the
device is “constructed™ by the team. UCD recognized the importance of human
ign. and the complexity of systems that require the

factors in engineering d

interface of humans and machines. According to Kontogiannis and Embrey
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(1997. p111) complexity is seen in four domains: “Dynamism of the system™.
“Highly interacting parts™. “Uncertainty™, “Risk™. A neonatal resuscitation.
simulated or not, certainly exposes both humans and machines to all four of these
domains. Only by recognizing the expertise of the resuscitator (learner or
instructor) as a user. can one expect to design an efficient and effective evaluation
tool. The final development of the PDA software in this study will. however. not
be complete until input and feedback from users have been included in the
process

Suteliffe. Thew. De Bruijn, Buchan, Jarvis, McNaught and Procter (2010)
summarized their UCD approach to the development of health services software

for a visualization ool to support epidemiological rescarch. They used a process

of scenario-based design (SBD) to map the steps taken (Appendix 1), Their tcam

consisted of health care users and domain experts (statistical and visualization
advisers). Fach group. while focusing on their arcas of interest, provided support
and feedback o the other. Developing the handheld deviee for evaluating
neonatal resuscitation required a similar process. with the clinical domain
providing algorithms and scenarios, while the technical domain provided inputs.
processing. and outputs — both processes flowing in parallel.

Graphical user interfaces. 1tis the human-computer interface that the

~ this is an interactive

NRP interacts with, and. in the case of the handheld devicy

wraphical user interface (GUI) operated by the instructor. The handheld device

has a touch sensitive sereen that operates subroutines within the device
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programming which are either part of the operating system or part of the
superimposed evaluation software.  The second GUI is the personal computer

sereen that displays the recorded output for both the learner and the instructor.

This output is operated by a keyboard, and the main interactions required are those
needed 1o install, view, save. and print.

A scarch of “Graphical User Interface™ (or “User-Computer Interface™)

and “PDA™ (or “Computer. Handheld™) in PubMed and Omnifile revealed limited

information with respeet to medical learners or evaluation of acute care skills. In

a systematic review of user interface issues related to PDA-based decision support
systems in health care (Lee, Starren & Bakken. 2005). display was considered an

important interface issue (other important issues included security, memory. web

included the font size. color depth.

browser. and communication). Display issucs
and data entry. Silvey, Lobach. Macri, Hunt, Kacmaz and Lee (2006) held focus
groups to identify problems with PDA displays: problems included font sizes that
could not be read at arm’s length, cheekbox sizes that were too small to tap with a
stylus, and radio buttons that could not be unchecked or left unchecked. Need for
serolling was also viewed as a problem with a preference for tabbed browsing.
Many of these factors have been considered in the development of this NRP
Megacode handheld device sofiware. Silvey. Lobach, Macri. Hunt, Kacmaz and

ustomizable user interf:

Lee (2006, p1096) also concluded that *Creation of

ata at the

components is required 1o provide appropriate collection of clinical d

point of care™. Such functionality could be built into future handheld devices as
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specific

technology advances and sereens can be modified to be user

aphical User Interface

c PDA G

ily based on the steps of the

I'he PDA GUT in this rescarch was prima
NRP Megacode. The GUI allows the recorder start with observations ol the pre-

resuscitation equipment cheek. The timer can be started when the baby is born.

and

and the resuscitation can progress from initial steps. to assisted breathing.

tabbed at the bottom of!

circulatory support. Each of six steps of the Megacode i
the sereen for case of navigation. particularly if steps are done out of sequence
I'he six steps include the Pre-Checklist. Rapid Assessment. Initial Steps.
Ventilation, Intubation, and Compressions. cach with a standard sereen (see

Appendices C to 11).

ist. During this step. the instructor observes the learner

-Checkl

ming their knowledge of their tools. This

checking essential equipment and confi

step may be part of the “brif™ of an ILE.



Figure 2. Image of pre-cheeklist sereen on iPAQ® handheld device.

Rapid assessment. Onee the Pre-Checklist is complete. the leamer is
ready to receive the newly born baby (or manikin). The instructor can activate the
timer when the baby is born. At this point in time the learner must evaluate

are well at birth and should not be

whether resuscitation is required. Most babies




resuscitated. Those who do require resuscitation should be identified so the
learner can proceed to Initial Steps.
Initial Steps. The learner should normally spend up to 30 seconds drying

the baby and making sure the airway is clear and open. while observing for normal

or abnormal signs. This

is a critical evaluation period in NRP. The instructor can

score and time the learner through this time period. If the baby/manikin does not

start breathing spontancously. the learner should proceed to the Ventilation step
Ventilation. If the scenario requires the learner to demonstrate assisted

ventilation, this sereen permits re aving events. This

srding of eritical, life-

section includes the essential steps required to ensure effective ventilation and
correet for ineffective ventilation.

Intubation. This screen allows the instructor to record how well an
endotracheal tube is placed, as well as assessing the roles of an assistant

s. This sereen records the u

Compressior of chest compressions and

cardiac medications in babies who continue to require resuscitation despite
adequate ventilation.
Fach screen has 4 1o 6 questions that are answered using check boxes on

the touch sereen. The instructor has 3 choices for each statement: (a) “Not done™,

(b) “Done incorreetly. incompletely. or out of sequence™. and (¢) “Done correctly

and in correct sequence™. A similar scale was used by Cu

an. Aziz. O Young &
Bessell (2004) in their evaluation tool and was subsequently introduced in the

NRP Megacode cheeklist (Lockyer, Singhal. Fidler. Weiner, Aziz & Curran.




2006). When a radio button is activated (or deactivated) the electronic

resuscitation record is time-stamped. 11 the instructor feels that redirection or

ins rt the

ruction is needed during a scenario, there is an option to pause and resta

timer.

Oncee the excercise is completed. the timg are saved to a file

mped d

on the PDA that downloads to the synchronized personal computer for the

instructor and learner to view.

synchronization is automatic following connection

serial bus (USB) port.

The Desktop Graphical User Interface

I'he desktop software saves the time-stamped data to a selected folder that

iis automatically opened by the program. Opening the data file with the desktop

sofiware shows the instructor and learner a graph of interventions (horizontal axis)

inst time (vertical axis of the resus ion

sentially plotting the cours

ag:
(Figure 3).

Within a few seconds, the t

m a

able o visually review the

nd see whether steps oceurred correctly. incorrectl

1inst time.

out-of-sequence. or not at all. The in

structor can debrief with a physical record of

events. all viewed on one sereen. The events are listed in chronological order. and

30 second epochs indicated on the chart as grey blocks.

The graph of the resuscitation scenario has advantages

citation can be viewed

over the traditional paper checklist. Firstly the whole res

on one sereen. Secondly. the paper record is poor at recording events out of




sequence, whereas the desktop GUI will immediately show this. Thirdly.
timeframes are casily viewed on a chart, compared to a cheeklist (that may not be

time-stamped). In addition graphical records can be visually compared. showing

improvements in timing and sequence that are not casily visualised on a paper

cenario could be

checklist. In this way, a second simulation of the same clinical

undertaken, and improvements in timing and sequence casily demonstrated



report presented on the desktop user interface showing time on

citation on the horizontal axis.

nd flow of resu:

Rectangles indicate 30 second blocks. Red markings indicate events.

Order of events sted in the right m:




U

ty and PDA Feedback

itation scenario, the instructor will

During a simulated neonatal resy

obscrve the team while operating the handheld device. After an initial bricting.

and scoring the equipment checklist. the instructor will advise that the baby is

born and will activate the timer. Using the tabs the instructor will follow the flow

of the simulation. checking boxes as required. and indicating when the simulation

has ed to the PDA.

ended. At this point the file can be

Conneceting the PDA to the desktop or laptop using a USB cable will

n the

automatically initiate Act sync and upload the time-stamped data to a file
software directory. The desktop software. when opened. will offer to retrieve this
file for display. The graphic interpretation of the simulation will be displayed on

the desktop sereen. Alternatively it can be printed as a paper record for review

and debricfing.

s process matches the theoretical steps of a constructivi

environment, which includes a bricf or preparation. action. and debricfing and

reflection. The PDA and desktop are designed to enhance that learning
experience.

Summary

In this chapter the development of a handheld device with prototype

software utilizing user-centred design has been described. the role of the device

al resuscitation.

¢ neor

ing to facilitate debricfing during simulated or real-1
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e technology requirements have utilized readily available software products and
employ simple and intuitive processes. Appropriate graphical user interfaces have

been devised for the NRP Megacode along with a basic and casily used rating

¢ 1o be completed using a convenient touch sereen. Such a deviee with this

new software can potentially enhance feedback from the Megacode to the learner.
and therefore enhance reflective practice. Such reflection is central to the coneept

of the Megacode as an 1LE and to the constructivist theory of learning.



CHAPTER FIVE
EVALUATING EDUCATIONAL SOFTWARE

onstructivism is implicit in cach chapter of this thesis. We

The process of

have seen how developing the human computer interface using team dialogue and

shared iterations follows the principles of knowledge “construction™ using
dialogue and feedback. In this chapter we will see that evaluating educational

is akin to a constructivist learning process: One has a preconceived

softwar

tests it against some evaluation tool. and reflects on the

model of the software

result of the test, modifying the original model. As in user-centred design. a
number of iterations may be required to improve on the model (Suteliffe. Thew.
De Bruijn. Buchan, Jarvis, McNaught & Procter. 2010). Piaget’s described
constructivism consisting of the « construction perpétuelle par ¢changes »

angaise. 201 1) which may be translated as

(1/Office québécois de la langue
“continual construction through interaction™
I'he Megacode is a complex series of interventions that requires a varicety
of knowledge. skills and behaviours to perform. 1t has been systematically
evaluated and validated (Lockyer. Singhal. Fidler. Weiner. Aziz & Curran. 2000).
I'he purpose of this chapter is to discuss an approach (o evaluate the PDA

software and GUI developed rather than the Megacode.

Software Evaluat

n
A search of the Education Resources Information Center (ERIC) database

at the Institute of Education Sciences for the keywords, “Computer software



cevaluation™ reveals an interesting pattern over the last two decades (ERIC. 2011).

ant output of articles relating o

reveals a relatively cons

Searching all documents

the topic (317. 305, 144, and 393 for cach consecutive 5-year epoch from 1991)

indicated by limiting the

s grown exponentially. a

However, academic interest ha
scarch to peer-reviewed journal articles in English (revealing 0. 3. 72 and 337

articles respectively). This is clearly a rapidly expanding field of computer-

sted education, where the demand for valid and effective tools is growing.

assi
The primary objective of this proposed software evaluation of the PDA
device is 1o make a decision regarding the use of the developed software with a
specific group of instructors and learners. An important goal would be suceessful
implementation of the new software with associated achievement of curriculum

outcome:

In develop this paradigm a metacognitive approach to the software

of the learning processes involved.  In doing

evaluation tool will permit analysi

s0. the software evaluation tool is viewed as the “technology™ If this is the case.
how does the technology perform? What learning processes do the evaluators
utilize to reach their conclusions? Docs the PDA software evaluation tool
developed encourage higher order thinking and collaboration. or is it simply a
mechanistic score sheet?

A web-based search for educational software evaluation tools revealed a
number of sites expounding the virtues and values of a variety of evaluation

methods. There are a number of differing approaches. ofien within the same tool



ng point is the Northwest ducational Technology C

A good s

(NETC) (1995). The authors break the evaluative process down into the seven

steps as shown in Table 2

able 2. Northwes ional Technology € ium seven steps to

responsible software selection (NETC. 2005).
Step 1. Analyze Needs

Step 2. Specify Requirements

Step 3. Identify Promising Software

Step 4. Read Relevant Reviews
Step 5. Preview Software

Step 6. Make Recommendations.

Step 7. Get Post-Use Feedback

I team of users with

ned for use by

I'his

type of

¢ in delivering the educational program and/or administrative

some expertis

arts with a needs assessment (Step 1) followed

responsibility for its use. NETC

ment should include the

S (Step 2). The needs ass

by specilying requirement

needs of the learners. instructors. the course curriculum. and the learni

environment. Once the requirements are set. a search should be made of available
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software (Step 3). Softw

e documentation and (hopefully) independent reviews

should be scrutinized (Steps 3 and 4). Software should then be installed and

previewed (Step 5): note that sofiware characteristics

require review by leamners

teachers. curriculum designers. information systems

review can a

administrators. Only afier this

ma

de (Step 6). Included in the recommendation should be the method of
evaluation (Step 7). with feedback to the reviewers. It should be noted that some

of thes:

steps have been actually been taken and described through the initial

stages of this PDA software development project.
Another software evaluation tool is that of Kerr (2004) from Brock

University. who uses a content evaluation approach with Likert scales that could

be used

parallel with NETC

ps 210 5. In Kerr's model (Table 3). the

evaluator scores or remarks on a number of domains. with respons ng from

s rangi

“exeellent™ o “poor” to questions regarding appropriateness. flexibility. and user

response. ete. Care is required to be sure that the appropriate questions are bein

ht be to

asked: one approach mi Kk experts to comment on the valu

individual questions themselves, rather than just answering the

would result in improvement in the face and content validity of the tool with cach

iteration. improving the objectivity of the instrument. Subjectivity is compounded
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Table 3. An alternative educational software evaluation tool (Kerr. 2004).

1) Program is flexible for intended user(s)
Appropriate for classroom setting,

3) Meets relevant educational needs

4) New terms are defined

5) Student has chanee to correcet errors

6) Help is available

7) Material is presented clearly and interestingly

8) Branches to new information. reviews old information and adjusts
feedback

9) Follows progression of skills

10) Student response input is in a familiar manner
1) Student advances at appropriate speed

12) Criteria for advancing can be adjusted by teacher

ase of Use

1) Clear. complete teacher documentation
2) Clear. complete student documentation
3) Instructions can be bypassed

4) Lasy 1o exit from program

5) Fasy to set up program

Effective Use of Compute

1) Computer presentation is more effective/efTicient than other
methods

2) Video display is pleasing and functional

3) Audio is cffective

4) Other peripherals are employed when needed

5) Computer maintains useful information for records
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as instructors evaluating the software may come from different backgrounds and

professions. and ma

teach students with differing expertise and experience. It

would be preferable 1o use a broad spectrum of instructors to complete this type of”
evaluation.

However. instructors and learners differ in cognitive styles (Riding &
Douglas. 1993). An example would be the tendency of some instructors to be

holi:

ic. looking at the whole picture: while others might focus on analyzing

minutiac — while

wch perspective is valuable. undue emphasis on one or the other

might unbalance the evaluation process.

An attempt was made in developing the

NRP Megacode to merge both analytical and holistie evaluations of the student by

giving the instructor freedom to evalu:

¢ not just whether an intervention

oceurred. but also its relative value (clinically and in time sequence) (Lockyer.

Singhal. Fidler, W

iner. Aziz & Curran, 2006). A robust process needs to

cevaluate the flexibility of the PDA in the

ons. taking

into account these difference:

in instructors who must look at both the individual

steps of a proce nd the sum of'its con

stitu

steps. or the “big picture™

A technical approach to evaluation of the device would be to test rel

ability

and validity by asking a number of users to submit evaluations of the same video-

recorded Megacodes. as well as repeated evaluation of the same Megacodes

(Gwet. 2010). Thi

s process was followed in the development of the Megacode

itsell. whe

a number of NRP instructors viewed and scored a libs

vof

simulated resuscitations (Lockyer. Singhal. Fidler. Weiner. Aziz & Curran. 2000).



One approach to evaluating that particularly brings balance to the

evaluation process is the focused interview or fa

tated focus group. The

focuss

ed interview evolved in the mid 1940°s from a set of procedures

developed

Res

at the Bureau of Applied Soci arch. led by one of its faculty. Robert Merton
(Merton. Lowenthal & Kendall. 1990). Merton. Lowenthal and Kendall (1990,

p21) comment:

I'he primary objective of the focused interview is to elicit as complete

report as possible of what was involved in the experience of a particular

situation. Without detailed reports. the clinical data r

esulting from the

interview will not encompass the qualities of range depth. specificity and

personal context essential to an understanding of the nature and meaning

of the responses.

Krueger and Casey (2000). in their guide to focus groups. outline the key

ta from

components of this type of r ch. Focus groups provide qualitative d

people with characteri

ics relating 1o the subj

 being studicd. obtained throug

dirc arch tool.

ed and facilitated inquiry. The:

may be us

ed primarily as a re

but also in the clinical. sociological and commercial domains for decision-makin,

for evaluation of tools. products or programs: for needs ng and

sessment. pla

woal-setting: for evaluation of quality. satisfaction, and employment practices: and

for policy making and testing. Krueger and Casey (2000) recommend having a
clear rescarch design. Questions should be developed that are relevant to the

audience and rescarch question, using

imple lang

and concepts.
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predetermined categorization and sequence of questions may be used o maintain

ipants should be transparent

both focus and flow. “The strategy for seeking parti

and relevant to the question. The investigators require two important skills. those
of moderation. and those relating to analysis of the data (in this case. transcripts).

A common technique for analyzing information from transcripts. whether

from interviews with individuals or roups. is “grounded theory™. Glaser and

Strauss (2009. p2) define grounded theory as “the discovery of theory from data
systematically obtained from social rescarch™ As with the focused interview.
grounded theory requires a systematic approach. starting with preparation. The

often but not

investigator needs to minimize preconeeptions so that artefa
always. text and be reviewed from a position of neutrality. Four stages follow
sorting into codes. grouping codes into concepts. categorizing concepts. and

developing theories. Thus ideas arising from the transeript or artefact can be

coded. with constant comparisons with new and old coded artefacts. Through and

iierative process codes are sorted into concepts. Categories are based on

theoretical or structural coneepts that arise from the observations. Itis from these
categories that theories are proposed. Information from focussed interviews with
end-users may be an invaluable ool in software development. and at very least

ion tools.

could be used to improve evalug
Another method. particularly when dealing with expert instructors, might

be to utilize the Delphi method or technique. According to Linstone and TurofT

be characterized as a method for structuring a group

(2002, p3). “Delphi m:
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communication proc

so that the process is effective in allowing a group of

individuals,

is a whole, to deal with a complex problem.”™ For structured

commu ion to oceur the group need to have a facilitated dialogue relating to

that problem. The Delphi dialogue may occur around a paper tool, such as a

questionnaire, that is circulated, improved upon, and recirculated unil consensus

is e

ched — a process known as a Delphi “exercise™. [t may also occur as a

Delphi “conference™ allowing real-time, almost synchronous dialogue verbally or

using computer and social media.

Both the “exercise™ and the *

conference™ require a monitor or facilit

of our PDA software, it would involve sharing the tool with a number

s (experts). modifying it using feedback, and sharing again until all are

ied with the product. A questionnaire using a Delphi exercise may be

preferable for busy clinicians and educators.

It

nteresting that even the Delphi technique

parallels

constructivist design. Cons

s is “constructed” through several iterations.,
facilitated by dialogue and reflection. The ability to apply constructivist theory to

all learning systems strongly supports its validity

Proposed Evaluation Template

T'he firs

s chapter reviewed a variety ol methodologi

evaluation that may be applicable to the handheld deviee: they range from

of software, its d

d

utility g checklists.

focus groups. and expert dialogue. IUis proposed that several of these clements
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would provide a practical and informative approach to an evaluation of the PDA

software and GUI. and the desktop GUI and outputs.

Itis also evident from the examples of evaluating software discussed (and

es within these) that some of the prelimi

y steps have

the most relevant proc

already been completed for the work described in this thesis. The first steps i

software develop included the th ical and li based

evidence di:

ed in initial chapters. Development of the actual prototype

required interaction between two expert professionals, the software engincer and

clinician instructor: as described by Sutcliffe, Thew, De Bruijn, Buchan, Jarvis.

McNaught and Procter (2010) in their description of user-centred design (UCD).

this process required mapping of the Megacode from both and engincering and

clinical education perspective.

With the completion of the prototype. initial pilot testing would be

completed by a group of expert us n to evaluating the software

itsell would provide feedback on the evaluation proc Ideally. this proc

would include a questionnaire, focus group, and Delphi conference, but in the very

least through a questionnaire feedback proce:

Ad fon to a group of i of the fi lity of the

instructors

prototype device would facilitate initial testing. A focus group of the

could be convened to identify the strengths and weaknesses of the system. This

should lead to correction of any serious deficits. Themes from the focus group

could be developed into a questionnaire. perhaps base on Kerr (2004). u
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Likert scale but adding the opportunity for expert commentary. This might

include key questions, for example, on functionality and user interface (see

Chaper 6).

Future evaluation might include prototype testing using multiple video

recorded Megacodes

done by Lockyer, Singhal, Fidler, Weiner, Aziz and

Curran (2006) in their original Megacode evaluation st method alss

allows for validation of the device and testing of inter- and intra-rater reliabili

as was done prior o development of the i checklist (Curran,

Aziz, O"Young, Bessell & Schulz, 2005).

Also, as dis

ed in Chapter Two, the ultimate test of an educational

nd Fleet (2005) pointed out, few ¢l

medical educational programs achieve this rigorous level of evaluation. Aziz

(2010). in his systematic review of the literature on simulation education

neonatal rest nt

ation outlines the paucity of studies that measure pats

outcomes. The ultimate test for the handheld device for as:

ing nconatal

es the effect on neonatal resus

resuscitations would the one that evalu:

outcomes. Once all the software evaluation processes are complet

outcomes should be measured to demonstrate whether the handheld represents a
step forward in newborn care.

Summary

Central to ional software ion tools are a fa ed dialogue

-68-



between developers and users, permitting use of a feedback loop allowing

tinued imp . Thus software fon is a constructivist process,

enhanced by the three steps: an effective brief. an interaction with the tool. and

itated reflection thereaft
This chapter proposed that the “brief” be prepared by exposure of the end-

users o the tools: the “i ion” to be documented by i ire. focussed

interview, or Delphi process: and the reflection by reviewing that documentation.
I'he ultimate long term evaluation of the device is whether its use contributes to

improved outcomes in real-life. An initial evaluation phase (a pilot test) is

described in the next chapter.
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CH

PTER SIX
EVALUATING THE PROTOTYPE DEVICE

This chapter describes a pilot test of the proposed NRP PDA devic

and observations by expert us

Results of preliminary tes

on of future directior

will be presented. followed by di:

Introduction

| Resusc

ion Program

As we have seen in previous chapters the Neona

(NRP) is the educational program of choice for the resuscitation of newly born

babies in North America. Practitioners who train in NRP (also known as NRP

m called the NRP Megacode that involves

") are required to take an ex

tation. Instructors who oversee this

s

crved performance of a simulated res

Form (ba

tool (the

advanced)).

a significant part of learning occurs.

Constructivist principles sugs

of this thesis

imulation. The premis

as a result of reflection during a debrief of

is that a handheld device, programmed with the steps of NRP and the Megacode

itate reflection, and therefore learning, by provi

on provider performance.

The handheld device uses a graphical user interfa

on the timing and sequence of a nformation may be viewed by the

instructor and learner immediately after the simulation, either on a computer

screen or paper printout. The information will be saved on the computer for
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later review. Software been developed to run on this device that requires the

initial evaluation of experienced NRP instructors before being used and evaluated

n initial

with NRP providers on a much larger scale. This chapter outli

cvaluation process.
Methods
Four experienced NRP instructors were invited to provide feedback on the
handheld device with preinstalled software and connectivity to a laptop computer.
ce and

As this w; for its

a preliminary test of the software and interfag

content validity, the experts were not asked to install software or use the device in

the classroom.

A checklist (Appendix 1) was developed, adapted from Kerr (2004),

which asked questions in three specific. but interrelated domains: education value

iveness of use. Responses were noted using

and pedagogy:

a Likert scale where responses ranged from “excellent” scoring 5™ to “poor™

scoring *17. The i had the ity 10 provide on cach

as well as overall comments on the device and the test.

question

“What do

In addition. the experts were asked to answer three quest

you like about this device and its interfaces (PDA and computer)?” “How might

you improve this device?” “How might you use such a device in your

classroom?”™ To ensure anonymity, expert names were not recorded. and results

were aggregated for presentation.
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Results
“Three NRP instructors with several years of teaching experience and one

new NRP instructor (I s an instructor, but with current clinical

than 2 years’

of the fi i

) agreed o a y of the handheld device

ons and scores are outlined in tables 4, 5. and 6.

and

Is. The ques

Looking at the response to all the questions. 18 out of 22 statements were

given an average Likert score between 4 and 5, indicating “very good” o

xeellent™ to be the most common responses. whether in the context of

educational value and pedagogy. case of use, or effectiveness of use.

“The respondents found the device to be flexible for its intended use

ge response 4), although one expert added “would like ability to add other

(aver

parameters™. It w;

is appropriate for us

se (average res

met the needs of their student (NRP providers) (average score 4.5). One

that it “allows i to give accurate visual

feedback”. The language and terms used were appropriate for NRP (average score

5). The comments expressed that much of the value lay in the reliable

vents and the abi

documentation of ty to feed these back in the ¢

ler comment stated “the visual part is very helpful™. Respondents rej

ions to include teamwork evaluation in the device.

made sugges

“The respondents expressed some concerns about the ability to troubleshoot

the device and address incorrect entries (average scores 1.8 and 1.5, respectively.

in the range of “poor™ to “fair”). Although one respondent felt the interface was
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simple and no troubleshooting was required. the others made a number of

suggestions for improvement, such as use of colour to code events, and more

thorough orientation.

Although all respondents felt that the device presented options clearly

. such as

(average score 4.5), they also suggested improvements to the interfa

colour coding and ti s for participants taking incorrect
actions.

The device was considered flexible for use in different scenarios (ave

ore 4.8) and provided feedback in the ore 4.7). One

oom (average

respondent commented, “The device speaks to the steps of NRP but not

ily the teamwork, ication, ete”. It allowed recording of

complicated scenarios (average score 4.8). Some coneern was raised r

software compatibility with institutional computer systems.

The users considered the device as being s ar to current methods of

or verbally indicated that it was

S),

recording (avera

superior. They felt that the output reflected what happened in the scenario

(average score 4.8), with the comment that the quality of the output may be

dependent on the proficiency of the recorder.

to use from both the

The respondents felt that the device w

nd the |

structor’s arner’s point of view (average scores 4.3 and 4.

respectively). It was particularly useful to have both a visual and temporal

representation of the events that occurred. Again, some comments indicated
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concern about the ability of instructors, indicating that they may need assistance.
Lower scores oceurred when describing the hardware functionality. They

implicd that simple operations like switching on and off and printing may

represent a challenge as they had not been adequately oriented to the device. The

dents felt that careful instruction was required, and that more exposure to

*Anything can be

the tool, particularly for le: avvy instructors

comput

Iearned, but it will take a little time.

“The verbal comments to focussed questions were largely positive. The

s liked the reliability and availability of feedback as well as the simple

responden
interface for data entry. They proposed its use to evaluate instructors.

A number of improvements were proposed. Colours could be used to

ed sereen. Video recording could

rify NRP steps, perhaps in a larger, tablet-s

be added. Bullets indicating types of errors could drop down from each entry

Some comments indicated the need to simultancously evaluated teamwork

ted the benefit of sharing the output with groups of

activities. Others indi

Jearners. or collating responses from whole cl

When asked how they might use the device in the classroom, in addition to

tions. a potential use was in quality improvement training to

the above sugg
reduce sentinel events during resuscitation.

L another that there

One instructor stated “would like to be part of a tria

S



Discussion of results

bes feed|

This pilot des K from expert users with respect to a handheld

device designed to collect and subsequently present the temporal sequence of

events that occur during a neonatal (or ). The

purpose of the 1o improve the prototype prior to testing in the

sroom.

‘The responses are largely positive and constructive, with respondents”
suggestion that the device has promise. They suggest a number of domains for
mprovement.

Before di

it may be worthwhile exploring the

structors with respect to the hardware. There were

in use. for

number of comments that related to whether difficultics may aris

example starting up, shutting down. printing, ctc. Some of this related to the

varying familiarity of the instructors with computer technology. and some to the

ist

quality of the orientation. It should be recognized that. as with any constructi

Iearning environment, teaching instructors to use educational tools requires an

adequate brief, an opportunity to interact, and facilitated debriefing: these

structors are clearly

well accepted by the instructors, both for input and for

output. They unanimously described it as being as good. if not better, than

ng methods. They even suggested improvements, such as drop-downs and

sol coding. They were e enough to realize that the



iPAQ® could be replaced with an iPad®, removing the need to have a second

computer to display output (and introducing the possibility of video recording).

Another computer functionality that they felt was missing were help and
troubleshooting screens. These could be added to the next prototype.

“The output was perceived as beneficial for teaching and learning, even

tructivist learning principles. One

though they did not discuss or mention col

might accept that experienced instructors are intuitively aware of the benefits of
facilitated reflection on a learning experience such as a simulation.

Itis i ing that the i repeated on the benefits of

this device for group learning. We are becoming increasingly aware of the
importance of teamwork and human factors in healtheare (Halamek, 2008). The

and resource

of ics, such a

ctive or

utilization may be enhanced by recording events that were either eff
deficient in these respects.

“The instructors proposed interesting and exciting additions such as video

recording. and projection for group feedback. They postulated a repository of

clectronic data that would allow both class and instructor evaluation. One

s a quality improvement tool (o deteet

instructor suggested using the devi

deficiencies in training that could be reinforced to prevent adverse events.

Concl n
In conclusion. the device was constructively evaluated by four experts

(NRP Instructors) who were largely positive about the utility and benefits of the
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device. They were anxious about the use of the hardw:

¢, but appreciative of the

interface. They had a number of s cluded

iggested improvements that need to be

in the next version. They felt that the technology needed updating. They were

excited about the prospect of using this device, both research tool and to

facilitate |

ng. | conclude that they gave the device a pass, conditional on a

number of upgrade

nd subsequent evaluation of its utility in the ¢!
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ble 4. Results section A: Educa

fonal Value and Pedagogy. Results of

ul

questionnaire stered to four expert users following a demonstration of the

functionality of the handheld device

A. Educational Value and Average . )
Pedagogy score ‘omments
(range)
1. The device is flexible for — 4.0(4)  Would like ability to add other
your intended us parameters.
(recording Megacode It is a major improvement from having to
performance) quickly scribble a not on the te
sheet.
‘The device is appropriate  5.0(5)  Yes, it is more than appropriate
for use in an NRP course help us give more appropriate feedback.

Allows the instructor to give accurate

3

4.5(4-5)  Ideally the final report would have axes

modifiable.
Would like more than tasks recorded.

Comment box to give record to
participant

5.0(5)

1.8(1-4)  Device allows you o correct or change

entry

It to know why correction r
perhaps i beside to remind
i dequate ventilation

. or wrong

pressure)

6. The device has help or 1.5(1-3)  Simple interface, none required
troubleshooting options
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‘Table 4 (continued). Results section A

Educational Value and Pedagogy.

Results of questionnaire administered to four expert users following a

demonstration of the functionality of the handheld device.

A. Educational Value and
Pedagogy

7. ‘The device presents
options clearly

=

T'he device provides
feedback in the
classroom (3 responses
only)

9. The device is flexible for
use different types of
scenarios

recording of complicated
scenarios

1. The input is similar to
methods of recording
that are currently used (2
responses only)

S

2. The output reflects what
happened during the
scenario

Average
score

47@-5)

4.8 (4-5)

4.8 (4-5)

4.8 (4-5)

-79-

Comments

Would like options colour coded so
initial steps yellow. next orange, ete

Allows instructor/student to discuss and
give feedback.

The device speaks to the steps of NRP
but not necessarily the teamwork,
communication,

Yes. if healthcare institute has sofiware
capability.

Yes, from simple to complex

Ideally there would be tap for special
manocuvres (gastroschi bag. etc.).

Yes — with clear identification of what

requires attention.

Simulation has a hard copy which allows
you to chart, including exactly what
problems there were.

Noiit
Simulation has ability to record and print
on hard copy

tis much better.

Yes. Would give clear data to
participants of requirements. But also
allow them to see improvements as new

scenarios are performed.

Needs a proficient recorder to observe
and record at the same time.



to four expert us

device.

B. Easc of use

The device is casy o use
from an instructor’s
point of view

2. The device is ca:
from the learner’
of view
3. Detailed or prolonged

instruction is not
required (2 responses
only)

4. Itis casy to get to the
start point (2 responses
only)

It is casy to shut the
program down (3
responses only)

se of U

Average
score

(range)
43(3-5)

454-5)

3.3(3-4)

3.7(2-5)

5.0(5)

-80-

Results of qu

stionnaire administered

s following a demonstration of the functionality of the handheld

Comments

Depending on ability of instructor.

1 would need some assistance.

The visual part is very helpful. Nice it
is anonymous for the learner.

Yes. visual data with accurate timing,
Excellent visual for learners.

Would need more exposure.

Unsure as not instructed from
beginning.

Depends on age of instructor!

Anything can be learned, but it will
take alittle time.

Not demonstrated.

Not demonstrated

Unsure



Table 6. Results section C: Effectiveness of use. Results of questionnaire

demonstration of the functionality of

administered to four expert users followi

the handheld devi

Average

C. Effectiveness of use score Comments

(range)

1. The devic 4.8(4-5)  Allows you o review timing.
effective/efficient New learners. Younger learners enjoy
compared to the paper technology.
method
The handheld display is 4.3 (4-5)  Could be larger video and display

ng and functional together.
Would like on an iPad larger print.
Ideally the tabs are colour coordinated.

3. The computer display is 4.0 (4) Would reverse the X and Y axes.

pleasing and functional Would like ability to enlarge written
documentation
Like colour coded for cach phase of
NRP.

4. The printout was 4.3 (4-5) May not remember would be
cffective/efficient able to keep clectronically and ¢-m:
compared to the
traditional che

5. The saved computer file 4.3 (3-5)

would be a useful tool

Yes. could tabulate data

Good for comparis
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CHAPTER SEVEN

UMMARY AND CONCLUSIONS
This thesis outlines the theory behind, and development of, a handheld
computer designed to aid instructors and learners record the sequence of events

citation. The device is an instructional

during a simulated (or real) neonatal re:

aid. providing immediate feedback on learner performance in the form of a time-

s that a

stamped graphic. The hypothe: dheld device that specifically targets

and measures relevant learner performance and feeds it back to the learner and

facilitator, encouraging reflection, will support learning during simulated and real-

life neor

“The Neonatal Resuscitation Program (NRP) is the educational program of’

abies in North Ame Practitioners.

choice for the res ation of newly born

who train in NRP (also known as NRP “providers™) are required to take an ¢

called the NRP Megacode that involves observed performance of a simulated

resuscitation. Instructors who oversee this exam use a validated evaluation tool

(the Megacode Assessment Form (basic or advanced)).

The software developed for the handheld device was designed to measure

and record the key steps required during a neonatal resuscitation simulation or

ed i

Itis ized that the NRP d simul

ning

Icarning environment (ILE) that fits the concept of a constructive

environment, characterized by ai al brief. a subsequent action, and eventual

feedback through dialogue and reflection.
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Central to this thes the constructivist learning environment, whose

clinical correlate is the “immersive learning environment™ (ILEs) that health care
learners and practitioners arc exposed to, both in the classroom and in real-life.

may be found in both the real and the virtual world. A schema has

been proposed to describe the various forms of 1L

approximation to reality, measured as their “fidelity™. Three types of fidelity were

proposed: technical fidelity describes the physical aspects of the ILE and the

reality of cu

contextual fidelity applies to the rational and logical and temporal
steps as they present during an 1LE: and psychological fidelity (“psychofidelity™)

de:

ceived in the mind. s it a high gain of psychofidelity that

permits

most probably the ¢ anccdotally.

we are all aware, as instructors, of low technical fidelity scenarios that elicited

both an:

ty for the manikin during the action and relicf that the doll “lived™ at the
end!

I'he NRP Me;

nd the focus of this

avery special type of ILE,

thesis. Cy

principles suggest that a part of learning occurs

is a result of reflection during the debr simulation. |

reflection may enhance learning.

A review of the literature reinforced the pervasiveness of

learning principles in simulated and real neonatal resuscitations. as well as in the

processes of software

T and evaluation. Other educational concepts

that apply to these proc clude those of design-based re:

rch (DBR) and



user-centred d

esign (UCD).

T'he literature review confirmed that handheld and

are being used incre:

ingly by health care professionals for a wider range of

purposes, including ication, data entry, and

. In most cases

they are used to acc

s data and librarics or for communication. In the minority of

In this

they are used to log or evaluate learning experienc

handheld device was developed to log neonatal resuscitation events, and present
them during the debrief process of learning.
A software prototype was described that resides on a Pocket PC handheld

computer. It allows an instructor to record events du

ing a simulated neonatal

resuscitation in real time. The time-stamped data can be uploaded to a desktop or

laptop computer for display or printing. The output, a time series chart, reflects

the course of the itation. A prelimi luation of the software by expert

ers was very positive and recommended changes to enhance the functionality of

the device and software.

As a next phase in the development of this prototype. a sequence of

e and hardware and

proposed that blends quali

tive instruments.

onnaires, and a modified

S groups, ques

0 refine the prototype tool.

Itis proposed that the ultimate test of this device is its effect on real-life

resuscitations, either with respect o practice (performance) or clinical outcome.

Through the lens of design-based res

arch. there is potential to discover new
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knowledge relating to individuals and tcams performing neonatal resuscitation.

The handheld device may play a role in this s of invention and discovery.

proce:

sis support the value of a handheld

device as a tool to facilitate neonatal resuscitation training, at least in theory

However rigorous evaluation is required to confirm the benefits of the instrument.

both in the classroom and in real-life neonatal resuscitations.
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EPILOGUE. APPS (APPLICATIONS) AND SMARTPHONES
Five years ago. when this project was conceived, smartphones were

sional who is not

increasing in use. Today, it is rare to find a health care profe:

familiar with a handheld device. In addition. thousands of software applications

arger, more flexible GUIs

have become available for use with these computers
have become available. in the form of tablets and touch-screen laptops. The
processing power of these devices now allows real-time video recording and

playback to be added to a time-sensitive cheeklist. Clearly these advances could

be integrated into an evaluation tool

The Pocket PC and its operating system are the no longer appropriate

for a handheld electronic recording and evaluation tool for NRP

vehicl

tem, wircl,

simulation. In addition to the hardware and operating sy
communication and audiovisual programs could enhance the educational software.

However, although there are new technologies available, the principles of

a constructivist learning environment remain unaltered. One still needs tools to

assist in recording and feedback in simulated and real ILEs. The potential of such

0ol has been greatly enhanced by these new technologies and the ability to

fownload them as “apy

T'he evaluation of this handheld device and its software and interfa

always 10 lead to the conclusion that the device and platform should be revised in

the light of new and improved technologies. While doing so. the premise that

knowledge is constructed through interaction with the environment and reflection
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on that interaction will be s
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APPENDIX A. Template for ¢l

dinto

items of heart rate. of

epinephrine, can be entered repeatedly.

R START | stoP | NoT .
— TivE | TimE [ pong | PERFORMANCE | gpouence:

Birth 0 seconds poor | adequate | good yesno

Place under
radiant warmer

Clear airway
Intubation
(meconium)

Provide free
flow oxy

INITIAL STEPS OF
RESUSCITATION

Dry and remove
‘ towel

Tactile
| stimulation

| Eval

te HR1
Provide PPV
Evaluate HR2

Provide CPR

COMPRESSIONS

VENTILATION AND CHEST

luate HR3

UV placement
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Volume
expander

Sodium
bicarbonate

On-going care
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APPENDIX B. Pre-Checklist screen: The instructor observes the learner

checking essential equipment.
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APPENDIX C. Rapid Assessment screen: The timer can be activated when the

citation is

baby is born; after which the learner must evaluate whether resu:

required.

@]muwc hde e Q@
[V1s the baby crying!

[¥] Dioes the lasby have o

& the by Rt

[ 15 there tecanium i the fud?

e
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APPENDIX D. Initial Steps screen: The learner should normally spend up to 30
seconds drying the baby and making sure the airway is elear and open. while

observing for normal or abnormal signs.
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APPENDIX E. Ventilation screen: If the seenario requires the learner to

demonstrate assisted ventilation, this screen permits recording of the events. It

includes the es:

ntial steps required to ensure effective ventilation and correct for

ineffective ventilation.

aom

Indicatiss rieed
assisted vent

pitivides effi
Sssist

5585 chest
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APPENDIX F. Intubation screen: This screen allows the instructor to record

how well an endotracheal tube is placed, as well as assessing the roles of an

Reardy to Syne




APPENDIX G. Chest Compressions screen: This screen records the use of chest

and cardiac

Chiss
applied efficier

Eephephiine

Gifis Epinephrine
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APPENDIX H: Software and user interface evaluation checklist

A. Educational Value and p wie | cwsa | Y || axcotien
Pedagugy, oor air | Good Excellent

I The device is flexible for your
intended use (recording Megacode | ) 3 4 5
performance)

Comments:

2. The device is appropriate for

. 3 5

use in an NRP course i a 4 3

Comments:

3 The device meets relevant
educational needs of NRP | 2 3 4 5
providers

Comments:

4 The language and definition of , 1 ' "
terms is appropriate for NRP. - h

Comments:

s S devicen

5. The device allows you to : ” . 2
correct erroncous data entry

Comments:

6. The device has help or ! . N B S
troubleshooting options

Comments:

7 The device presents options ! " n i 3
clearly

Comments:

8. The device provides feedback | R . P :
in the classroom 2

Comments:

9. The device is flexible for use , g . f B
different types of scenarios

Comments:

10, The deviceallowsrecording | 1| 2 | 3 | 4 | s
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of complicated scenarios

Comments:

1 The input is similar to

happened during the scenario

methods of recording that are 1 2 3 4
currently used

Comments:

1. The output reflects what | ) R

Comment:

114~




B. Ease of use Poor | Fair | Good | ¥V | Excellent
- good
1 “The device is casy to use from
. L by 1 2 3 4 5
an instructor’s point of view
Comments:
B The device is €2 e i
e device i casy to use from | 3 5 4 B
the learner’s point of view
Comments:
3 Detailed or prolonged N N B 5
instruction is not required 1 2 ?
Comments:
4. Itiseasy 1o get o the start . . ' B | s
point
Comment
5. s casy o shut the prog
T I N N P
jown
Comments
. . : . Very
C. Effectiveness of use Poor | Fair | Good Excellent
. good "
1. The device is effective/eflicient
1 2 3 4 s
compared to the paper method
Comments:
“The handheld display is pleasing
and functional { . . 4 2
‘Comments:
3. The computer display is pleasing
functional J a i 4 3
Comments
4. The printout was effective/efficient
compared to the traditional | 2 g 4 5




Comments:

5. The saved computer file would be
a useful tool for records or 1
teaching

Comments:
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“What do you like about this device and its interfaces (PDA and computer)?™

“How might you improve this device?”

“How might you use such a device in your classroom?”
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APPENDIX I: Mapping of scenario-based and user-centred design of a visualization

software tool using a team of domain experts and health care users (Suteliffe. Thew., De

Bruijn, Buchan, Jarvis, McNaught & Procter, 2010). ©2010 by The Royal Society.

domain experts

primary care trust users

coneepts !

refine

storyboards

and

research

seenarios

questions

Ul designs
user

functional
feedback

allocation

HCI
principles
and patterns

uset
feedback
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