Chapter 11
The Deteriorating Patient Smartphone App:
Towards Serious Game Design

Jeffrey Wiseman, Emmanuel G. Blanchard, and Susanne Lajoie

11.1 Introduction

Hospitals are dangerous and scary places for both patients and health professions
learners: Only 18 % of hospitalized patients suffering an unmonitored cardiac arrest
survive (Morrison, 2013). Of these patients 60 % show deteriorating vital signs
(blood pressure, pulse, respiratory rate, oxygen saturation, level of consciousness,
and temperature) for hours to days before the final cardiac arrest (Hillman, 2001;
Kause, 2004). Medical students entering their first year of postgraduate training feel
unprepared to care for these patients when on call (Labelle, 2012; Smith, 2007).
ACLS (Advanced Cardiac Life Support) courses (Morrison, 2013) teach how to
resuscitate a patient in cardiac arrest; however, there are few published teaching
interventions that focus on the recognition of and response to an acutely deteriorat-
ing hospital ward patient before a cardiac arrest occurs (Featherstone, 2005).

In this chapter we will summarize current expert frameworks aimed at guiding a
clinician’s approach to a deteriorating patient situation. We will then describe teach-
ing approaches based on these frameworks. Then we will show how one of these
teaching approaches, the Deteriorating Patient Activity (DPA), led to the iterative
design of a family of educational technologies. We will describe the latest member
of this family, the Deteriorating Patient smartphone app (DPApp), a serious game
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(SG) designed to support learners’ deliberate practice with feedback using
smartphone-based deteriorating patient virtual cases. We will present a model of
medical SG design that incorporates current literature as well as the new concepts
we used in designing the DPApp. Finally, we will illustrate this medical SG design
model by presenting some preliminary user feedback on the design of the DPApp
graphic user interface.

11.2 Conceptual Frameworks and Educational Methods

Current teaching emphasizes a two-step general approach to a deteriorating (aka
unstable or critically ill) patient, known as the primary and secondary surveys
(Fisher, 2003; Frost, 2012; Mackenzie & Sutcliffe, 2002; Mohammad, 2014,
Neumar, 2010) (Fig. 11.1), which describe a series of actions doctors must take in
response to a given patient health state.

During the primary survey, healthcare workers use algorithms as organizing
frameworks to prioritize information-gathering and treatment manoeuvres to rap-
idly detect and treat conditions that can kill a patient in 5—15 min. During the sec-
ondary survey, healthcare workers use a slower analytic approach to clinical problem
solving (Eva, 2005; Sklar, 2014) that features information-gathering (history-taking,
physical examination, choice of additional laboratory and radiology tests) and treat-
ment decisions focused on resolving acute issues. Undergraduate medical students
learn and practice even slower complete patient evaluations on patients admitted to
wards in stable condition after more experienced physicians have performed pri-
mary and secondary surveys when the patient was sicker in the emergency room.
The two-way arrows in Fig. 11.1 emphasize that patient states can suddenly and
unpredictably change from “stable” to “deteriorating”: A stable ward patient can
develop a complication or new illness. As a result, undergraduates unfamiliar with
primary and secondary surveys mistakenly use a complete data collection approach
to critically ill deteriorating ward patients who need a primary survey to quickly
recognize and address immediate life threats.

Patients who are critically ill (either already in cardiac arrest or in the process of
deteriorating towards an eventual cardiac arrest) present in one of two ways: the
patient who is unarousable (no response to voice, touch or pain) and the patient who
is arousable (responds to voice, touch, or pain). The unarousable patient is easy to
recognize as critically ill and the priority for this situation is to rapidly diagnose and
manage the patient who is unarousable because of a cardiac arrest. The arousable
patient situation carries different dangers; such patients may not appear to be criti-
cally ill to inexperienced healthcare learners who may skip the primary assessment
and attempt the more familiar but slow analytic approach of history-taking, thor-
ough physical examination and laboratory/radiology testing that they learned in the
first few years of undergraduate medical education on stable patients.
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Patient
States Stability unknown or Stabilized but acutely sick: Stable, acute issues
deteriorating: May live for Will live for > 15 minutes addressed: Will live for
< 15 minutes many hours days -years
Primary Survey Secondary Survey
Goal: Rapidly recognize & Goal: Resolve acute Complete Evaluation
address quick killers i
q lssues Goal: Diagnose, treat,
Doctors’ . ant is: . monitor and prevent all
Actions | Method: If patient is: Method: Focused History,

1. Unarousable: Use Basic
Life Support algorithm

2. Arousable: Use
Deteriorating Patient
algorithm

Physical Exam, Laboratory|
& Radiology testing to
gather data to diagnose
acute issues & guide their
initial treatment while
monitoring the patient to
ensure stability

acute & chronic health
issues

Method: Comprehensive
History, Physical Exam,
Laboratory & Radiology
testing to gather data to
diagnose, treat, monitor &
prevent all acute &
chronic health issues

Fig. 11.1 General approach to emergencies: the primary and secondary surveys

There are two overlapping primary survey algorithms used for unarousable adult
patients in current teaching:

1. The Basic Life Support (BLS) algorithm (Berg, 2010) described in the top half

of Table 11.1 is taught to all undergraduate health learners. It emphasizes rapid
recognition of the unarousable patient in cardiac arrest and rapid delivery of an
electric shock to the heart via electrodes placed on a patient’s chest as an emer-
gency treatment to correct the commonest reversible mechanism of a cardiac
arrest (also referred to as cardio version).

The ACLS algorithm (Neumar, 2010) is taught to postgraduate medical learners
(junior doctors or residents) and emphasizes advanced drug therapy and cardiac
procedures for a patient in cardiac arrest who is concomitantly receiving proper
BLS. This algorithm is not illustrated here, as it is irrelevant to undergraduate
students who cannot yet prescribe advanced drug therapy and cardiac procedures
but who can and do provide BLS.

Thus none of the commonly taught Primary Survey algorithms refer to deterio-
rating ward patient situations before a cardiac arrest occurs and only the BLS algo-
rithm is taught at the undergraduate medical student level.
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Table 11.1 Algorithms used to guide the primary survey for critically ill patients

If patient is unarousable:

Basic life support Sample data to collect and act on

algorithm
A: Arousability Tap patient and shout: “Are you all right”?
B: Breathing Check to see if the patient is breathing by observing the chest for
5-10's
C: Carotid pulse Carotid pulse: Check for 5-10 s. If no carotid pulse, start
CPR CPR: Chest compressions to 2" depth allowing full recoil at 100/min.

Give two breaths by bag and mask for every 30 chest compressions
Call for help/activate the emergency response team

Use an automatic external defibrillator if one is available or as soon
as the emergency response team arrives with one.

Call for help
Cardio version
ASAP

If patient is arousable

Deteriorating patient
algorithm

A: Airway
B: Breathing

C: Circulation

Central nervous
system
Cervical spine
D: Drugs
E: Electrolytes and
endocrine
F: Fever
G: Glucose

Sample data to collect and act on

Level of consciousness, able to talk, inspiratory wheezing, facial
swelling

Oxygen saturation, respiratory rate, chest movements, tracheal
position, lung sounds

Carotid pulse, blood pressure, heart rate, jugular venous pressure,
ECG, bleeding

Level of consciousness, pupils, best motor response

If trauma context protect until scanned
Drug bracelets, prescription records, friends, family, and witnesses

Serum potassium, calcium, phosphorus, magnesium, bicarbonate,
blood gases

Core temperature
Blood or capillary glucose

11.3 The Deteriorating Patient Activity Simulations

High-fidelity simulations can effectively teach students how to use a primary survey
to recognize and stabilize a critically ill patient. However, they are expensive, com-
plicated to set up, often demand that learners take the time to leave the clinical set-
ting to go to a simulation laboratory, can only teach a few learners at a time, and
afford limited opportunities for the deliberate practice with feedback which is so
important to the development of expertise (Ericsson, 2008).

The DPA is an inexpensive, logistically simple and rapidly deployable family of
low-fidelity simulations whose objective is to help students learn how to gain con-
trol of unstable clinical scenarios by using a primary survey algorithm developed to
specifically address the deteriorating patient before a cardiac arrest occurs. This
“ABCDEFG” algorithm, described in the lower half of Table 11.1, consists of a
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series of rapid high-priority data gathering actions that are appropriate to under-
graduate medical student level and urgent patient management options that are
appropriate to postgraduate level but which undergraduate medical students need to
understand.

In the original live small group variant of the DPA, the DPAlive (Wiseman &
Snell, 2008), the learner takes on the role of “doctor on call” summoned at night to
manage a deteriorating ward patient. Students must use the ABCDEFG algorithm to
decide what steps to take in treating or stabilizing the situation. Students must know
when and who to call for help and how to do an effective “hand-over” (World Health
Organization Collaborating Center for Patient Safety Solutions, 2007) defined as
communication of essential patient information to more senior colleagues when
they arrive at the scene. The tutor takes on and moves between the roles of “patient”
with deteriorating clinical signs, “vital sign and event recorder” and “nurse.” The
DPAlive learning objectives are shown in Table 11.2.

Clinical teachers from various healthcare professions can readily learn how to
teach using a DPAlive (McGillion, 2011; Wiseman, 2007) using a simple teaching
script (Fig. 11.2). The tutor controls how the situation evolves over time in response
to the student’s actions or inactions by changing the “patient’s” “vital signs,” “symp-
toms” or “physical findings.” For example, the clinical teacher can choose to portray
the role of a patient screaming in delirium or moaning in pain to further develop
learners’ skills at following the ABCDEFG’s under duress. Alternatively, faced
with a floundering or emotionally overwrought student the tutor can choose to pro-
vide hints or positive emotional stimuli in the form of encouragement or slowing
down the “patient deterioration” or prompt the student to ask for help and consult a
supervisor. In the debrief phase, the tutor uses recorded vital signs and events on a

Table 11.2 Deteriorating patient activity learning objectives

Learners completing these learning activities will, with appropriate supervision, be able to:

—_

. Apply an approach to recognize and stabilize common issues in acutely ill hospitalized
patients. This approach includes using the ABCDEFG algorithm to

(a) Screen for and prioritize rapidly fatal but treatable medical conditions when caring for or
called to see any hospitalized patient

(b) Recognize the vital sign and clinical patterns that are early harbingers of avoidable cardiac
arrest and/or intensive care unit transfer

(c) Simultaneously diagnose, treat, and monitor an acutely ill patient

(d) Use observed changes (deterioration and improvement) in a patient’s status as information
to modify emergency diagnostic hypotheses and management strategies

(e) Recheck priorities when uncertain what is going on with a sick patient

2. Provide orders for the basic initial management of emergencies commonly encountered in
hospitalized patients

3. Call for appropriate help in a timely fashion and apply the above approach while waiting for
help to arrive

E

Communicate an appropriate hand-over of an acutely ill patient to another care team member

W

. Describe and address the common patient safety events that lead to avoidable intensive care
unit admission and death
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Initial Patient Scenario |

|

Monitor + Record Learner’s Actions |

Expert Approach I Learner Approach
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.

Patient deteriorates by
an Increment specific to the
Difference or Weakness

Learner does not
correct

Learner corrects &
Patient improves

E

Listen to Prompt to
next Learner consult

Emotional
Stimuli

Fig. 11.2 DPAlive teaching script

whiteboard to support students’ recall and reflections on their thoughts, decisions,
and emotions during the scenario.

Steps marked by an E for “Emotions” in Fig. 11.2 represent points in the case
where teachers can greatly increase or decrease learners’ stress for optimal real-
ism and learning. This manipulation of student stress levels is supported by stud-
ies of the variable effects of amount and types of stress on learning in rodents
(Salehi, 2010) and in humans in nonmedical (Smeets, 2009) and medical domains
(Leblanc, 2009). A major advantage of the DPAlive is the speed with which medi-
cal educators can use their “mental database of cases” (Eva, 2004) to rapidly gen-
erate additional DPAlive cases that can focus on learners’ weaknesses and provide
arange of cases over different contexts. Drawbacks of the DPAlive are that teach-
ers must be physically present to provide students with deliberate practice with
feedback and it is difficult for one tutor to manage a group of more than a few
learners at a time.

Learners attempting to solve DPAlive cases who were given electronic prompts
to refer to the ABCDEFG algorithm and collaboratively discuss their DPAlive case
solutions using networked electronic whiteboards performed better on the DPAlive
than those that did not (Lu, 2010). This study and extensive (unpublished) tutor
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experience with the DPAlive showed that learners commonly found the ABCDEFG
algorithm simple to memorize but not simple to apply during DPAlive scenarios
because:

1. Learners had difficulty understanding that a patient’s vital signs as they evolve
over time provide not only diagnostic hints for quick killers but also feedback on
a doctor’s or a healthcare team’s performance.

2. The ABCDEFG algorithm must be used stepwise in only one direction —always
starting with “A” then proceeding in order to F because initial disease presenta-
tions can be misleading. One must repeat the ABCDEFG algorithm recursively
until the patient’s vital signs have stabilized or normalized. Many learners do not
recycle the ABCDEFG algorithm if vital signs deteriorate again and instead
attempt the much slower processes of analytic reasoning.

3. Learners’ emotional responses to the stress of emergencies when immediate help
and resources are unavailable add to their extrinsic and germane cognitive loads
(Fraser, 2012; Young, 2014) and interfere with their ability to apply a Primary
Survey recursively.

4. Many learners do not use changes in vital signs over time as feedback that the
patient will soon die and delay calling for help. Where they do seek assistance,
as more healthcare workers arrive to help, the learner must then change from
working individually to integrating staff into a growing and changing interpro-
fessional team. Learners need to be able to integrate information from the
ABCDEFG process into their communication of essential information or hand-
offs to other team members (Cohen, 2012).

5. Learners confound the BLS algorithm with the DPA ABCDEFG algorithm.

These observations led to the development of a more explicit DPA expert mental
model aimed at guiding learners to use the ABCDEFG algorithm recursively and
showing how the ABCDEFG approach relates to the cardiac arrest BLS algorithm
(Fig. 11.3). The vital signs are an important part of the high-priority data to collect
and act on in the BLS and ABCDEFG algorithms. For instance, both the BLS and
ABCDEFG algorithms mandate determination and monitoring of the patient’s level
of alertness and consciousness. As can be seen in Table 11.1 both the BLS and
ABCDEFG algorithms prioritize respiratory rate and carotid pulse or heart rate.

A web-based DPA (Blanchard, 2012a, 2012b) (DPAweb) was created as an
online deteriorating patient that learners could repeat as often as needed. One of the
authors, a senior medical educator, acted out the patient role in a sequence of short
videos that formed the online patient representation. Interestingly, learners in infor-
mal conversations with the case designers even years later have spontaneously
described feeling “scared” at having to treat a “patient” whom they personally knew.
These emotional reactions to technology have been predicted by the media equation
theory which hypothesizes that users respond socially and emotionally to technol-
ogy it as if it were “real life”” (Reeves & Nass, 1996) especially when prompt reac-
tions are stimulated (Lee, 2008). Other learners commented on how much the
DPAweb resembled a video game and wanted to know how well they performed
compared to others and when more cases were coming out. This is not surprising
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Patient Vital Signs
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Breathing /
Respiratory
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If Patient unarousable
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+
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¥
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Fig. 11.3 Actions in the BLS + ABCDEFG algorithms must be applied recursively until patient

vital signs are normal

considering the current generation of medical students, most of whom are fluent in
the use of social media and many of whom play or are open to playing digital games
(Kron, Gjerde, Sen, & Fetters, 2010). The DPAweb pilot demonstrated that it is pos-
sible to create a technology-based delivery mechanism for the DPA that is as engag-
ing and challenging to learners as the DPAlive and could support deliberate practice
without a live tutor present. Neither the DPAlive nor the DPAweb versions of the
DPA resolved the problems of providing large groups of learners with:

1. Many different DPA cases of varying level of difficulty.

2. Feedback during the run phase and the debriefing phase of the simulation to that
is sensitive to learners’ emotions and cognitive levels and that is not dependent
upon the synchronous presence of a live tutor.
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11.4 What Is a Serious Game?

Games are activities with rules

in which a player works, through interaction with an environment towards a goal. In the
process, a player conquers challenges in an attempt to achieve the specified goal without
any certainty that it will be attained (de Ribaupierre, 2014, p. 18).

The game environment, also referred to as the “game space,” can take on varying
representations such as decks of cards, boards, a playing field and computer-based
videos (Blanchard, 2012a, 2012b). Simulations are “simplified, dynamic and accu-
rate models of reality” (Sauve, 2011). When a game incorporates models of reality
into its design, it becomes a Simulation Game (Sauve, 2011), with some authors
reserving the use of the word “game” for activities that feature competition, rewards
and rules (Akl, 2010). Gamification is a careful and considered application of game-
based mechanics, aesthetics and game thinking to promote learning, engage people
and motivate action through problem solving using all the elements of games that
are appropriate (Kapp, 2012).

A Serious Game (SG) is a “gamified experience” (Kapp, 2012) using some type
of interactive technology or tool that was designed with education as its primary
goal and with engagement and entertainment as secondary goals (Gee et al., 2014).

The attributes of a good game are seen as analogous to the attributes of good
instruction (Gee, 2007; McLuhan, Fiore, & Agel, 1967) and include:

* Compelling and relevant stories or problems

* Clear rules and goals

* Feedback

* An interactive learning environment

* Challenge such that “each level dances around the outer limits of a player’s abili-
ties, seeking at every point to be just doable” (Shute, Rieber, & Van Eck, 2011)

* Support or scaffolding adapted to players’ zones of proximal development
(Vygotsky, 1978)

» Player control over the game experience

* Uncertainty as to the eventual outcome

* Use of multiple sensory modalities

Similarly the steps involved in designing good games and good instruction are
highly analogous: Game design consists of iterative cycles of planning, prototyping,
play testing, evaluation and refinement “because the play of a game will always
surprise its creators” (Salen Tekinbas & Zimmerman, 2003). Instructional design
commonly follows the iterative (Hirumi & Stapleton, 2008) phases of the “ADDIE”
generic instructional design model (Branch, 2014) consisting of analysis, design,
development, implementation and evaluation. Both instructional and game design
worlds use simple, incomplete but rapidly deployable and testable versions of an
educational intervention (or game) offered to learners (or game players) with the
express purpose of garnering their feedback to inform subsequent improved ver-
sions of the educational intervention or game.
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A review of SGs in largely nonmedical educational contexts (Romero, 2014)
identified good SG attributes that overlap with the above list but emphasized sup-
port of learner debrief and collaboration as the most important SG attributes and
fidelity and fantasy as the least important SG attributes. The scenario or case-based
subtype of SGs (Westera, Nadolski, Hummel, & Wopereis, 2008) are particularly
well aligned with the case-based tradition of medical practice and education.
Desirable attributes of a case-based SG include:

* A game environment that mimics the ambiguity and conflicting information of
real-world environments.

* Learning activities demanding complex problem solving and adoption of profes-
sional roles and social relationships.

* Use of expert strategies as a reference to control complexity and to generate
relevant feedback during the game (Westera et al., 2008).

From a medical instructional design perspective (Amundsen, 2004; Kern, 1998),
one would add to Westera’s attributes the degree to which a case-based SG:

* Isaligned (Biggs, 1996) with elements of the educational and professional prac-
tice systems it is intended to serve

* Serves an educational function that cannot be met by simpler, cheaper and more
readily available educational approaches

* Can be adjusted to learner level and in response to learner and teacher feedback

* Supports formative and summative assessment of learners

* Supports the development of teaching expertise

* Supports the development of learners’ and teachers’ educational communities of
practice (Wenger, 1998)

Systematic reviews of the literature on the effectiveness of SG’s in medical edu-
cation for knowledge outcomes are inconclusive. Few studies included any kind of
outcome evaluation or controls for the gaming intervention for either medical stu-
dent’s knowledge (Akl, 2010) or for postgraduate health professionals’ patient out-
comes or care processes (Akl, 2013).

11.5 Maedical Serious Game Design

Djaouti’s (2011a, 2011b) extensive review of multiple game design approaches
found no dominant framework to guide the design of a SG. Like many other authors,
he emphasized the importance of alignment of educational theory, instructional
design and game design to the effectiveness of a SG but offered no practical guid-
ance on exactly how to go about doing this.

Westera et al.’s (2008) case-based SG design framework simplifies gaming design
language by recommending that educators consider three game technology elements:

1. Game space: This contains components like game locations, ways of navigating
between different locations as well as game objects, which could be tools, knowl-
edge resources or other live or virtual subjects. All of these elements would
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create an initial case representation whose narrative would then emerge or be
further elaborated in response to the actions of the learner or other subjects.

2. Game dynamics: This consists of game states, a description of the game space at
a given point in time during the game and the game logic or “If: Then” rules that
govern whether and how game states evolve either in response to players’ differ-
ent actions or autonomously.

3. Game complexity. There are three ways of managing the complexity of the SG
design that are highly relevant to educational designers:

(a) Structure design: Because of the sequential nature of case-based SGs, one
can simplify SG structures yet maintain the complex realism of gameplay by
providing players with a wider number of simultaneous options (trees with
more leaves relative to branches) rather than a deeper chain of sequential
options (trees with more branches relative to leaves).

(b) Feedback design: It is simpler and more effective to give players an overall
sense of how they are doing and how they can improve rather than giving
microfeedback on every step or action they take during the SG.

(c) Representation design: Authentic content is far more important to an SG
than beautiful graphics. In SGs it is the educational case itself that should
stimulate tension and engagement.

Arnab et al.’s (2014) Learning Mechanics-Game Mechanics (LM-GM) SG model
proposes analyzing the pedagogical potential of a SG by mapping its general learning
mechanisms (LMs) onto its general game mechanisms (GMs) in an attempt to identify
Serious Game Mechanisms (SGMs). According to Arnab et al. an SGM is defined as:

the design decision that concretely realizes the transition of a learning practice/goal into a
mechanical element of gameplay for the sole purpose of play and fun. SGM’s act as the
game elements /aspects linking pedagogical practices (represented through learning
mechanics) to concrete game mechanics directly linked to a player’s actions (p. 3).

The LM-GM model has the advantage of explicitly identifying the points in an
SG where gameplay and pedagogy “intertwine” as SGM’s but the disadvantage of
not being able to describe how to prospectively design a SG using SGM’s.

Lim et al. (2014) further developed the notion of SGMs for SG design by arguing
that the narratives SG players encounter, create and share should have a central role
in SG game design. Again, this fits well with medical education’s tradition of case-
based learning (Thistlethwaite, 2012) and practice. However, these authors did not
define what they mean by “pedagogical outcomes.” Such an unelaborated term
might suggest that a SGM's only educational effect would be on learning outcomes
to the exclusion of effects on evaluation, feedback, contexts or other elements of an
educational system.

There are even fewer frameworks to guide the design of smartphone-based SGs.
The “M-COPE” framework for mobile learning (Dennen, 2014) prompts designers
to consider issues such as the added value of using mobile technology (M); the
environmental conditions (C) that may affect learners’ use of mobile technology;
the intended and unintended learning outcomes (O) from mobile technology use;
the pedagogical theory (P) justifying and matched to the use of mobile technology
and the ethics (E) of mobile technology use.
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In summary, an effective narrative SG (NSG) is the result of a judicious combi-
nation of design approaches from diverse disciplines. However, from a medical edu-
cation perspective, we next argue that there is one final design component to
consider before settling on a final model of NSG design, emotion.

11.6 The Role of Emotions in Narrative Medical SG Design

The role of emotions in healthcare professionals’ education is relatively unexplored
(McConnell, 2012). The emotional detachment and objectivity of the rational bio-
medical model of illness remains a dominant part of medical practice (Nettleton,
2008) especially during emergency situations (Powell, 2014) where emotionally
distraught team members can negatively affect the performance of an entire team
during medical crises (Piquette, 2009).

Learners’ stress during simulated medical crisis scenarios variably affects their
learning depending on scenario emotional content, debriefing timing and technique
(DeMaria, 2013). Some but not all medical students prefer the challenge of addi-
tional emotional elements in standardized patient scenarios for communication
skills (Lefroy, 2011). Residents are much more likely to cognitively appraise resus-
citation scenarios as a threat rather than as a challenge when they contain scripted
emotional stimuli (Harvey, 2010).

Control-value theory (Pekrun & Perry, 2014) predicts how emotions influence
learning and can inform NSG design: Medical students experience achievement
emotions that depend on their perceptions of the degree of control of scenario out-
comes and value to their future practice. Previously experienced achievement emo-
tions can also change learners’ perceptions of control and value of future scenarios.
NSGs can be designed to positively influence medical learners’ perceptions of con-
trol and value and their subsequent achievement emotions (Artino, 2012; Graesser
& D’Mello, 2014) by ensuring that features include:

1. Task demands appropriate to learners’ capabilities
Flow is a feeling many describe when they are engaged in and totally concen-

trated on a pleasantly challenging activity that is just within reach of their skills
and/or knowledge (Csikszentmihalyi, 1991). The sensation of flow, which is
associated with optimal learning, requires a balance between learners’ skills and
task challenge in order to avoid emotions like boredom (high skill, low chal-
lenge) and frustration (low skill, high challenge). This balance can be maintained
for learners attempting very difficult challenges by scaffolding them in their
zones of proximal development—that is by providing help in the form of
hints, feedback and support by live or online tutors or peers (Kiili, Lainemab,
de Freitasc, & Arnabc, 2014; Vygotsky, 1978).

2. Authentic cases and thinking activities that are highly relevant to learners’ future
careers.

3. Case narratives that change in response to users’ actions.

4. Timely and explicit feedback.
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5. Choice of cases of different levels of difficulty.

6. A learning environment where errors are explicitly seen and treated as learning
opportunities.

7. Debriefing that welcomes, normalizes and responds to learners’ expressions of
emotion and difficulty.

This section has summarized work that would inform the emotional component
of NSG design. In the following sections we will describe a model of narrative
medical SG (NMSG) design that includes planning for learners’ achievement emo-
tions and then show how this model informs the development of the DPApp.

11.7 Model of Narrative Medical SG Design

Based upon the above concepts, an effective approach to NSGM creation would
align design elements of instruction, emotions, games and technology around a cen-
tral core of narrative design over time (Fig. 11.4). Areas where design elements
converge either as a “node” at a particular point in the time of the patient narrative
or along a period of narrative time as a “weave” will be demonstrated in the follow-
ing paragraphs. Nodes and weaves represent points where all aspects of SG design
work together synergistically.

11.8 The Deteriorating Patient App ‘“Nodes and Weaves”

Table 11.3 shows a “walk through” of one deliberate practice session with the
DPApp in relation to the different screen shots (Fig. 11.5) learners would encoun-
ter in each phase. In the following paragraphs we will describe how, for each

Emotional Technology Instructional
Design Design Design

Game
Design

Case
Narrative

NSGM NSGM
Node Weave

Fig. 11.4 Narrative medical serious game design model showing convergence of multiple design
decisions for a given point in time of the case narrative
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Table 11.3 Deteriorating patient app (DPApp) walkthrough

Instructional and Narrative

emotional design | design Game and technology design elements: DPApp

elements elements smartphone screen views

Node 1 Orientation A

Node 2 Beginning A |B |C(ABCDEFG C (HxPxLabRadTreatment
prioritized cyclic | unprioritized dropdown
menu) menu)

Weave 1 Middle A |B |C D

Node 3 End/debrief A |F

BP HR RR OAT T BP HR RR OAT T BP HR RR OSAT T

History (Hx)

Physical Exam (Px)

Laboratory (Lab)

Radioclogy (Rad)

Treatment
End Primary survey!

RR OSAT T BP HR RR OAT T HR RR OAT T

BP HR

CHECK FOR CALL SOMEONE PAST ACTIONS
BASIC LIFE SUPPORT 7)) Call resident '

Start CPR ) Call attending MD
Defibrilate (. Call specialist

Call rapid r nse team & Call rapid response team
check if breathing

check if alert

Check pulse

al sign monitoring

D

Fig. 11.5 DPApp smartphone screen views



11  The Deteriorating Patient Smartphone App: Towards Serious Game Design 229

narrative design element, game and technology design elements were created to
fit that narrative element as well as work with the instructional and emotional
design elements as three nodes and one weave that are embedded within the
DPApp case narrative.

11.8.1 Node 1: Orientation

Game/Technology Design Elements: In this phase a live tutor ensures that learners
understand the game space, how to toggle between and use different app screen
views and input buttons and that each smartphone functions properly.

Instructional and Emotional Design Elements: The orientation minimizes extra-
neous cognitive load and negative achievement emotions imposed by the DPApp
itself. The learning objectives, rules and goals of the DPApp case are identical and
thus aligned with those of prior DPAlive sessions.

11.8.2 Node 2: Narrative Beginning

Game/Technology Design Elements: After signing in learners select the case they
want to practice on and encounter the initial scenario in the “Patient Chart” section:

You are called at 2 AM to see Mr. W. a 68 year old male who feels terrible, is confused and
is covered with sweat. His initial vital signs are normal. He was admitted 4 days ago for
treatment of a community-acquired pneumonia. His past medical history includes atrial
fibrillation, hypertension, and diabetes. His current medications include intravenous
Ceftriaxone and Doxycycline, oral Diltiazem, Metformin, and Coumadin and subcutaneous
Insulin. He has no known allergies.

Learners can then toggle between three different screen views (See screen views
A, B, and C in Fig. 11.5).

Screen view A shows the patient’s initial vital signs, a looped video of the patient
in the initial state and buttons at the bottom of the screen that permit learners to see
a record of their Past Actions and Collected Data (taking the learner to screen F), a
button to Call Someone for help (taking the learner to screen E) and a button to call
a Cardiac Arrest team. As time goes by, the vital signs and patient video change for
better or for worse, depending on learners’ actions.

Screen view B shows the vital signs and a choice of any of six actions learners
can choose: The cyclic ABCDEFG algorithm symbol button (two arrows forming a
cycle) and History, Physical examination, Laboratory tests, Radiology tests, and
Treatment option buttons respectively from top to bottom. Learners who choose the
cyclic ABCDEFG algorithm symbol button are taken to screen view C. Learners
who choose the History, Physical Examination, laboratory, or Radiology symbol
buttons are taken to drop-down menus (not displayed here) that permit them to
choose whatever additional unprioritized data they think is needed.
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Screen view C shows the cyclic ABCDEFG algorithm. When learners select a
button within screen view C the learner is then taken to another screen view that
prompts the learner to choose high-priority data and actions corresponding to that
part of the cyclic algorithm. For instance, selecting the “BLS” button takes learners
to screen view D. Learners must complete the entire cycle in order—the software
will not allow a learner to skip B and go from A to C for instance. Once the algo-
rithm has been completed, learners can go through it again as needed by the patient’s
status as indicated by the video and/or patient vital signs.

Instructional and Emotional Design Elements: Learners assume a highly desirable
future professional “on call” role. This authentic scenario is complex, ambiguous and
challenging, as it is initially unclear why this patient with multiple health issues feels
terrible and (in the video) looks and acts unwell. Learners are confronted with a real-
istic situation in which there is a lot of data to gather and decisions to make for a
patient who may very well die in the time it takes for more experienced help to arrive.

11.8.3 Weave 1: Narrative Middle

Game/Technology Design Elements: As long as learners search for irrelevant informa-
tion and prescribe irrelevant treatments, the “if-then” game dynamic makes the patient
vital signs progressively worsen over 10 min with simultaneous successive 2 min long
patient video loops showing a moaning confused patient who becomes more somno-
lent and eventually comatose and then suffers a cardiac arrest. Learners who choose
relevant treatments will see the vital signs improve and the patient video loop portray
a successively more alert and less sick patient. Learners who use the ABCDEFG algo-
rithm will collect relevant information and prescribe relevant treatments much more
efficiently than those who do not as the search space for all of the patient data one
could collect is huge. Designing a wide choice of options rather than deep chains of
sequential options makes the game complex for learners but easier to programme.

Instructional and Emotional Design Elements: The narrative, displayed using
multiple sensory modalities and interactively constructed by learners, becomes
more compelling and challenging as the patient deteriorates or improves in response
to learners’ actions, supporting learners’ perceptions of control and value and
demanding that learners use an expert (ABCDEFG) strategy to manage case
complexity or encounter realistic consequences of not using the ABCDEFG strat-
egy. Scaffolding from a live tutor (and from future versions of the DPApp) will keep
learners in their zones of proximal development and a state of flow.

11.8.4 Node 3: Narrative End/Debrief

Game/Technology Design Elements: The session ends when the patient “dies” or if
learners press the End Primary survey! Button (meaning they think that they have
successfully stabilized the patient) in screen view A. At the end of the case the
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learner is taken to screen view F which displays a learner’s past actions or a plot of
time on the vertical axis with patient vital signs and corresponding learner past
actions taken on the horizontal axis. This personalized leaderboard helps learn-
ers and tutors visualize what was done well or not well and when.

Instructional and Emotional Design Elements: Screen view F presents the data
needed to support a live debrief of both learner actions in relation to the ABCDEFG
expert framework and learner emotions experienced during the case. Learners dis-
cover how easily one can forget to stick to the expert ABCDEFG framework and get
lost in minor details when faced with the emotional heat of deteriorating vital signs
and an ill-appearing patient.

11.9 Conclusions

The node and weave model of NMSG design portrays the most difficult and time
consuming part of SG design, that of making decisions on instructional, emotional,
technology and game designs coordinate in explicit subservience to educational goals.

Once the current version of the DPApp performs as designed based on additional
user testing we will then be in a position to create additional cases with differing
levels of difficulty, a scoring system, adaptive feedback based on learners’ common-
est errors and difficulties, a case builder for learners and educators to create and try
out each others’ cases, and an online environment where learners and teachers can
debrief their case solutions synchronously or asynchronously.

McLuhan wrote, “Anyone who tries to make a distinction between education and
entertainment doesn’t know the first thing about either” (McLuhan et al., 1967). If
so, then those who know about education—learners and teachers—already know a
few things about both. The most effective “playing field” for conceiving and testing
an SG is the live teaching environment where it is intended to function.
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