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Introduction

In health care and medical education, with its exponential growth in knowledge and
increasing demands on the needed competencies of doctors, there is a need for new
and cost-effective training models'. Online learning, web-based learning or e-learning is
the use of Internet technologies to deliver a broad array of solutions that enhance learn-
ing and performance’. Online learning is a powerful concept with a variety of expression
forms. It can be used for self-study or in groups, completely online or ‘blended’ with
face-to-face training, and in different formats to acquire knowledge, skills or attitudes.
Blended learning may combine the advantages of online and classroom learning. Its use
is increasing quickly and a precipitous growth is predicted®. Just adding technology to
classroom learning does not automatically result in better learning outcomes. Blended
learning requires a course redesign, making the most of the educational affordances
technology offers, and using classroom time for interaction and feedback®. As a result
classroom time may be reduced, making it more cost-effective, or improved learning
outcomes may be realized*®. Some studies show blended learning is more effective than
face-to-face learning”®?, while others show no difference’. The first aim of this thesis is
to investigate whether a blended training design is more effective or equally effective as
classroom training for the acquisition of knowledge.

Online learning, as part of a blended course or as a fully online course, can be used to
improve the efficiency, flexibility and effectiveness of education and training"'®. One of
the challenges of designing online learning is that of engaging students during self-
study. A serious game is a promising new format to develop complex cognitive skills,
while motivating learners through direct experiences''. Further study is required on the
effectiveness of serious games, including design choices involved in the development
of games'”. The second aim of this thesis is to investigate the effectiveness and critical
design features of serious games for performance, specifically training complex cogni-
tive skills and attitudes, while enhancing motivation.

Designing online or blended learning is a multi-level process, starting with the learning
goals and the training setting, followed by choice of delivery of instruction (online,
blended or classroom-based) and, if relevant, the selection of online formats, didactic
features and presentation types. In order to structure design decisions and enable
systematic comparison of the effectiveness of educational programs resulting from
these decisions, a framework for instructional design choices is described. This chapter
starts with a brief introduction of the digital revolution and online and blended learn-
ing. Next, the framework for instructional design is described, a summary of available
research in relation to the design choices is provided and the research questions are
formulated. This chapter ends with an outline of the research projects that together
form this thesis.
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12 | Chapter 1
THE DIGITAL REVOLUTION

Since the establishment of the World Wide Web in the 1990s, Internet has had a
revolutionary impact on culture and commerce, including the rise of near-instant com-
munication by e-mail, VOIP telephone calls, interactive video calls, discussion forums,
social networking and online shopping sites. The Internet’s takeover of the global com-
munication landscape was almost instant in historical terms: It only communicated 1%
of the information flowing through two-way telecommunications networks in the year
1993, 51% by 2000, and more than 97% of the telecommunicated information by 2007".
This digital revolution, including the mass use of computer technology and mobile
technology, has profoundly changed our daily life. Worldwide information resources,
services and communication tools are available anytime and anywhere. As a conse-
quence, nowadays students have grown up in a media culture; information, services
and connection to their peers is available at their fingertips. Computer games, email, the
Internet, cell phones and messaging are integral parts of their lives'.

In Europe, a recent study showed on an average day, 80-90% of the population watched
television, a similar proportion used the phone and e-mail; ca. 45% browsed the Internet
and a similar proportion read a book; ca. 28% played online games and 22% read an
e-book'®. Research shows there is no simple generational divide in these figures (e.g. be-
tween teachers and students) regarding the use of digital media; demographic factors
(e.g. ethnicity, social class) have a much more important impact on access to technology
and digital literacy, both between and within countries'®.

The music industry, the financial world, publishers and retail have changed significantly
as a consequence of this digital revolution. In contrast, so far in the educational system
technology has replaced standardized tasks, such as lecturing, only in a limited way"’.

ONLINE AND BLENDED LEARNING

Online learning has the potential to widen access to new learners, promote learner
interactivity, increase flexibility in learning and ease in updating content'*'. These
types of learning solutions can go beyond the traditional paradigms of training, as they
can combine informal, non-intentional learning (e.g., sharing experiences through net-
works) with formal learning (e.g., attending a course). Rosenberg (2001) states that with
the growing use of online learning, classroom learning will not be dismissed, but gain a
new role in different learning designs. Content delivery will no longer be the main func-
tion in the classroom; there will be more reliance on high quality online content, less
face-to-face lecturing and more coaching in the application of knowledge, evaluation of
ideas and training of skills>. A specific form of blended learning, currently quite popular
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in higher education, is ‘the flipped classroom’ Web lectures are watched by students at
home and class time is dedicated to solving problems and interaction®.

In blended learning (or hybrid learning), benefits of online and classroom learning can
be combined, for example increasing access while maintaining or enhancing quality of
learning outcomes and social interaction®. Blended and online learning are not single
concepts; different mixes of online and face-to-face learning exist; different online for-
mats (e.g., e-modules, web lectures, serious games) can be used, with different didactic
features (information, exercises, cases) and presentation forms (text, video, high/low
fidelity simulation). Modern theories of learning suggest that learning is most effective
when it is active, experiential, situated, problem-based and provides immediate feed-
back'®. Online formats offer different opportunities to design this type of learning. Some
formats have been used for some time and are well researched (e-modules, web lec-
tures), some are relatively new and promising with yet little consistent research results
(serious games). For educationalists, it is important to make evidence-based choices in
designing learning environments.

In the next section, a multi-level framework to structure design-choices in creating
online learning is described. To avoid confounding, design-based research is best done
within rather than between these design-levels, e.g, comparing the learning effects
of didactic features'®. The main research outcomes and open issues related to design
choices will be briefly reviewed and mapped on this design framework. The research
questions will then be described in relation to this framework.

Design framework

The framework integrates concepts of instructional design from Gagné and Merrill***'
with levels for designing online learning described by Cook'®. An instructional design
begins with establishing the learning setting and learning goals, preferably integrated
into a comprehensive task which makes an appeal on competencies. Categories of learn-
ing objectives such as knowledge or cognitive or motor skills are identified within these
integrative goals; different designs are needed for different learning goals or desired
outcomes®'. Many recent models of learning put real-world tasks and problems at the
center of instruction, to support knowledge application and transfer’. Next, the delivery
mode (1), the formats (2), didactic features (3) and presentation types (4) are chosen in
a design (Figure 1).

Instruction delivery mode (step 1)

The first design-step is to choose a specific delivery mode for instruction: online or
face-to-face instruction, or a mix of both, depending on the learning goals, the context
and the student characteristics®. In the one extreme of the spectrum a small online

13
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E-module
Knowledge Video
Web lecture Activation
Online Wiki Presentation Text
Exercises Photos
Virtual Quizzes Video
Skills = = patient = Cases = Audio
Blended program Simulation Graphics
Demonstration Animation
Simulation Group Simulation
program discussion Fidelity
Attitudes (Face-to-face)
Serious game

Based on Gagné & Merrill (1990) and Cook (2010)
Figure 1: Framework for Instructional Design choices for online or blended learning

supplement to a traditional course can be provided; in the other extreme online learn-
ing is the primary method of instruction, with a single classroom session or exam. In a
blended design, the online learning goals tend to focus on acquisition of knowledge
(e.g., through an e-module or web lecture), but skills and attitudes can also be taught
online (e.g., through a simulation program or serious game)®. Classroom time can then
be dedicated to training cognitive or motor skills on a higher level®.

Despite the growing popularity of blended learning, little is known about the question
whether blended learning is equally or more effective as classroom-based learning alone.
Is it possible to reduce classroom-based training time, while increasing online self-study
and maintaining learning outcomes? Especially for postgraduate medical education this
is an important question, as online learning usually is more flexible and cost-effective
than classroom-based learning. In some studies blended designs were reported to be

more effective”®*

, while in others no differences in outcomes were reported compared
to traditional learning®®?. Therefore our first research question (Q1) is: What is the
effectiveness of a blended training design compared to a conventional classroom-

based training design in a postgraduate training program?

When designing online learning, as a component in a blended design or as stand-alone,
the next step is to choose formats (step 2). Formats (or configurations) define the way
instruction looks and the functional and didactic possibilities it offers®. Selection of
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didactic features or methods (step 3) supports learning goals in more detail. They deter-
mine to a large extent the didactic effectiveness of a format. Presentation types (step 4)
include text, audio, video, animations, simulations with particular levels of fidelity; they
can enhance the didactic quality of a design. Figure 1 presents examples.

Formats (step 2)

In a course design a variety of instructional formats such as e-modules, web lectures and
wikis can be used, with similar learning outcomes, but at different costs and access”.
E-modules and web lectures are the online counterparts of traditional lectures; simula-
tion programs and serious games are the counterparts of simulation training and role
play. There is extensive research available on the effectiveness of instructional formats
such as e-modules and web lectures. Studies have consistently demonstrated that they
can achieve similar learning results compared to traditional instruction. This applies
to a wide variety of learners, learning contexts (medical and non-medical), topics and
learning outcomes such as knowledge, skills and attitudes'®**?, Online instruction
has a large effect compared with no intervention and has an effectiveness similar to
traditional methods™.

Virtual patient programs are interactive, computer-based clinical cases for developing
clinical reasoning skills. A meta-analysis on the effectiveness of virtual patient programs
has demonstrated that these programs are as effective as traditional non-computer
teaching methods (standardized patients, clinical activities, a responsive mannequin)
for knowledge, reasoning outcomes or satisfaction®'. The most unique and cost-effective
function of virtual patient programs is to facilitate and assess the development of clini-
cal reasoning, using multiple and varied clinical cases®.

Simulation programs can range from full-scale computer-based simulators or high fidel-
ity mannequins to simple simulation programs or low fidelity mannequins. They provide
learning opportunities for controlled skills practice, without risks to the patient®. Ef-
fectiveness of simulation programs has been well established. In comparison with no
intervention, simulation programs in medical education are consistently associated with
large effects for knowledge, skills and attitudes® . Full-scale computer-based simula-
tors often are expensive, both in terms of initial purchase and running costs®. Further-
more, often little attention is paid to student motivation in simulation programs®’; as a
result learners tend to use them to reach certain learning outcomes but avoid systematic
practice afterwards®.

Serious games offer a challenging, experiential learning environment in which game
characteristics such as a story-line, application of rules and principles and competition

15
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are combined with educational goals'"'****'. An important category of serious games
in education are simulation games; they offer learning tasks in a realistic, engaging
online environment, where learners directly experience the consequences of their
decisions'"***, In addition to games for training medical professionals, games have
also been developed for patient treatment and health promotion. Several studies have
demonstrated that games can positively affect patient health behaviors and outcomes;
in comparison to health games, games for medical education are still in their infancy®.
Experiential or task-centered learning in games can be associated with discovery learn-
ing''. The rationale for putting real-world tasks at the basis of a learning environment is
to promote application of knowledge and transfer to practice”. Pure discovery learning,
where learners actively work on tasks with little or no guidance, may be less effective
than guided discovery learning, especially for novices**. The integration of fun and
challenge can reduce stress and enhance motivation®. In addition, self-directed learn-
ing appears to enhance intrinsic motivation, as it affords a greater sense of autonomy®’.
If students are intrinsically motivated to learn, they are expected to spend more time on
learning and feel more positive towards what they learn*.

Because of the scalability of simulation games and simulation programs, they have, once
developed, the potential to teach knowledge and skills that are typically acquired in
simulation settings at a fraction of the costs™.

In the last decade, several review-studies have been performed on the effects of serious
games on learning outcomes and motivation; however they have shown mixed and
ambiguous results, partly due to methodological flaws in the studies'>'®*>*"*2 Hence
justification studies, focused on the question of whether a game is effective in reaching
its learning goals, are still needed (before clarification studies —~how did it work- can be
performed®?). The serious game we choose to investigate on its effectiveness is designed
to train complex cognitive emergency care skills for residents. Although worldwide over
1.5 million health care professionals attend certified courses in emergency care each
year, little evidence exists on the validity and reliability of assessment instruments used
in these courses®. As it is essential to use validated assessment instruments to assess
the game efficacy, we first performed a validation study to answer the following, second
research question (Q2): What is the validity and reliability of commonly used for-
mats in the assessment of emergency care skills for residents? Our third research
question is (Q3): Do residents who use a serious game as an additional preparation
for classroom training, show better complex cognitive skills before training than
residents who only used a course manual as a preparation?

Didactic features (step 3)

Didactic features are the critical elements in a format to match technology with learning
goals®. Several features can be used in different formats. For instance, a presenter can
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explain concepts in a web lecture; with additional exercises and feedback learners are
stimulated to actively process the information and integrate it with existing knowledge.
A number of review studies have been done on the effectiveness of features (for different
formats). Studies on designing instructional formats (e.g., e-modules) for knowledge,
skills and attitudes show that effective features are: feedback, practice exercises (with
medium to large effect sizes) and interactivity, repetition (with small effect sizes)***.
Inconsistency among studies however was noticed and tempers conclusions; clear
definitions of design features are essential for future comparative research®.

For virtual patient programs, a review study has showed that feedback, repetition (until
mastery), advance organizers and contrasting cases can improve learning outcomes®. For
training skills with simulation programs, features such as interactivity, repetitive practice
and cases with a range of task difficulty and clinical variation have proven to be effec-
tive®*°,

For serious games, one meta-analysis has shown that games that stimulate learners to
learn actively, which could be accessed as many times as desired and which were supple-
mented with face-to-face training were most effective for learning outcomes*?, another
meta-analysis reported that instructional support, modeling and feedback can improve
learning (especially for novices)®. Spacing (distributed learning) has been shown to
positively influence students’ learning outcomes in a number of studies®"®’. Adaptation
to learner’s prior knowledge (e.g., through tests) improves achievement and decreases
time required to learn material®. Learner-driven adaptivity, in which the learner is in
control of the pace and sequence of instruction, is inherent to many online learning
formats. In contrast, there is no evidence that learning styles exist and that there is a
benefit of computer-driven adapted instruction to these ‘styles’®* %,

The effective didactic features we described for different formats overlap largely; they
can be summarized as: stimulate active learning with practice exercises and cases, dem-
onstration and feedback and repeated, spaced learning. Extensive evidence is available
on the use of these features in longer existing formats such as e-modules, but less spe-
cific and less consistent research is available for newer formats such as serious games.
For instance, evidence on the impact of features such as high levels of interactivity, im-
mediate or postponed feedback and scoring systems on learning with serious games is
needed. The fact that game-designs vary strongly is complicating the generalizability of
research. Insight into the comparative effectiveness of a highly interactive serious game
and a limited interactive, easier to develop e-module for motivation and performance
would benefit our knowledge on design choices. The serious game we will investigate
was designed to develop patient safety knowledge and awareness. It included video
lectures, interactive biofeedback exercises and interactive patient cases. The e-module
included text-based lectures with limited interactivity and information on the same
topics. Therefore our research question is (Q5): Do students develop better patient

17
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safety knowledge and awareness and are they more motivated after using a seri-
ous game than after using an e-module on the same topics?

Presentation types (level 4)

Presentation types include choices for multimedia, animations and simulation fidelity.
For instance an animation may be used to demonstrate a physiological phenomenon.
Regarding presentation types, a large body of research is available on multimedia
design principles for learning, as multimedia (e.g., text and pictures) were one of the
first components of computer-based learning. The studies on multimedia are often
based on cognitive load theory”” and the notion of a limited working memory. There is
consistent evidence for a number of guiding principles which are especially important
for novice learners in a certain domain. For example audio narration is superior to text
when explaining a complex graphic, as text and graphics both use the visual modality
of working memory (modality principle). Effect sizes reported in using the multimedia
design principles with medical students were large for immediate and delayed tests®.
These principles are summarized in Table 1%,

Realistic cases in simulation have often shown to facilitate transfer to practice’®”". Simu-
lation games offer learning tasks in a realistic, engaging computer-based environment*.
How realistic should cases be presented? Fidelity is a multi-factorial concept. Functional
fidelity pertains to the degree to which a simulated task environment reacts to the tasks
executed by the learner in a similar way as the real task environment. Depending on the
expertise of the learner, the properties of the simulation should be functionally aligned
with the criterion task’. Physical fidelity pertains to the degree to which the simulated
task environment looks, sounds and feels like the real environment’?, Higher-fidelity simu-
lations in emergency care seem to provide greater benefit than lower-fidelity simulation,

Name Multimedia design principle
multimedia principle The combination of graphics and words is preferable above words alone
contiguity principle Align words closely (in place or time) to corresponding graphics, so they

are in working memory at the same time. Avoid separation of feedback
and responses

modality principle Use audio narration rather than text to describe complex graphics.
Presenting words to explain a graphic or table can overload the visual
sub processor of working memory

redundancy principle Explain visuals with audio narration or with text, not both

coherence principle Adding extra material can inhibit learning. Avoid words, graphics that
are not central to the goal. Simpler visuals lead to better learning than
complex, realistic visuals

segmenting & pre-training principle  Manage complexity by breaking the material in parts. If students learn
key concepts in pretraining, the training is more effective

Table 1: Multimedia design principles for presentation forms (Mayer, 2005)
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although definitions of fidelity tend to vary’*. However, in a review study by Norman et
al. on the relationship between simulation fidelity and transfer of learning, four out of
five studies have shown no superior outcomes for high-fidelity training for simple tasks
(e.g., recognizing heart sounds or basic surgical skills); one study on a complex task (on
critical care) did show a positive effect’”®. Motivational outcomes were not reported in
this review. Considering the costs of creating high-fidelity training (e.g., highly realistic
patient cases versus paper-based cases), more research into the added value of fidel-
ity in learning cognitive skills, related to expertise levels of students, is needed®. The
expertise level of the learner is relevant as high-fidelity cases may contain too many
seductive details for novice learners and cause cognitive overload in combination with
a complex task’®. Therefore our fourth research question is (Q4): What are the effects
of adding high-fidelity patient cases (a simulation game) compared to adding
low-fidelity (text-based) cases to an instructional e-module on cognitive skills and
motivation of medical students? We will use the serious game on emergency care as
the high-fidelity intervention in this study.

Serious games can be designed to accomplish different learning and behavioral
outcomes, from supporting rehabilitation in disabled patients to training medical
professionals. Currently, there is no systematic framework for classifying games, which
complicates selection for medical education'®. Furthermore, costs of performing an
empirical effectiveness study following game production can be challenging for devel-
opers®. Therefore, we developed a framework to evaluate serious games in health care
and education, in order to answer our sixth research question (Q6): How can serious
games applied in health care and medical education be systematically evaluated?
The context of our research study was medical education and training. The objects of
our research studies were a post-graduate course for nurses on emergency care (Q1)
and two serious games, both originally developed for medical residents. One game
on emergency care, abcdeSIM, developed by the Erasmus University Medical Center
Rotterdam and Schola Medica', was used by residents (Q3) and medical students (Q4).
Another game on patient safety, Air Medic Sky-1, developed by the University Medical
Center Utrecht, was used by medical students (Q5).

In summary, this thesis focuses on the following aims and research questions (in the
sequence of the chapters). The first aim was to investigate whether a blended training
design is more effective or equally effective as face-to-face training in the acquisition
of knowledge. Research question one is dedicated to this aim. The second aim was to
investigate the effectiveness of serious games and the critical design choices for per-

' Training institution for family practitioners Utrecht, the Netherlands (former SBOH)
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formance, specifically training complex cognitive skills and attitudes, while enhancing
motivation. Research questions three through six are dedicated to this aim. Research
question two is a supporting (validation) study.

1. What is the effectiveness of a blended training design versus a conventional
classroom-based training design in a postgraduate training program? (Q1)

2. What is the validity and reliability of commonly used formats in the assessment of
emergency care skills for residents? (Q2)

3. Do residents, who use a serious game as an additional preparation for classroom
training show better complex cognitive skills before training than residents who
only used a course manual as a preparation? (Q3)

4. What are the effects of adding high-fidelity patient cases (a simulation game)
compared to adding low fidelity (text-based) cases to an instructional e-module on
cognitive skills and motivation of medical students? (Q4)

5. Do students develop better patient safety knowledge and awareness and are they
more motivated after using a serious game than after using an e-module on the
same topics? (Q5)

6. How can serious games, applied to health care and medical education, be systemati-
cally evaluated? (Q6)

OUTLINE OF THE THESIS

Chapter 2 describes the study on the effectiveness of a blended training design versus
a classroom- based training design in a postgraduate training program. In a retrospec-
tive study, one group of nurses took a traditional classroom-based course and another
group took a blended course (one-third online and two-third classroom training) on
emergency care. Examination and evaluation results were compared for both groups
and cost-effectiveness was calculated.

Chapter 3 focuses on answering the research question: what is the validity and reliabil-
ity of commonly used formats in the assessment of emergency care skills for residents?
In order to answer this question, we conducted psychometric analyses of a checklist, a
competency scale and a global performance scale; all commonly used in the assessment
of training courses in emergency care. The validity and inter-rater reliability of the as-
sessment instrument in a certified residents training were evaluated, using video-taped
assessments.
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In the study presented in Chapter 4, we answered the research question: do residents,
who use a serious game as an additional preparation for classroom training show better
cognitive skills before training than residents who only used a course manual as a prepa-
ration? We used the serious game abcdeS/IM, designed to train cognitive emergency care
skills for residents as a base for this study. In a quasi-experimental design, with residents
preparing for a rotation in the emergency department, one group received a course
manual as preparation for face-to-face training and another group additionally received
access to a serious game (on emergency skills) as a preparation for the same training.
Emergency skills were assessed before training, using the validated assessment instru-
ments described in Chapter 3.

The main objective of Chapter 5 was to answer the question: what are the effects of add-
ing high-fidelity cases (a simulation game) compared to low fidelity (text-based) cases to
an instructional e-module on the cognitive skills and motivation of fourth-year medical
students? We set up a three-group randomized design: a control group working on an
e-module; a cases group, combining the e-module with low-fidelity text-based patient
cases; and a game group, combining the e-module with a high-fidelity simulation game,
with the same cases. Cognitive load and motivation were evaluated. After the study pe-
riod, assessors rated students’ cognitive emergency care skills in two mannequin-based
scenarios.

Chapter 6 answers the question: do undergraduate medical students develop better
patient safety knowledge and awareness and are they more motivated after using a
(highly interactive) serious game or a (limited interactive) e-module on the same patient
safety topics? Fourth-year medical students were randomly assigned to either a serious
game (including video lectures and patient missions) or an e-module (including text-
based lectures on the same topics). A third group acted as a historical control-group
without extra instruction. Students were tested on knowledge, self-efficacy and moti-
vation. During their clinical rotation they reported perceived stress and patient-safety
awareness on a weekly basis.

In Chapter 7, answering the question how to systematically evaluate serious games ap-
plied to health care and medical education, we describe a general framework to evalu-
ate serious games. The framework was developed together with members of the Dutch
Society for Simulation in Healthcare with varying backgrounds in designing, applying
and researching serious games. It provides a set of standardized criteria for developers,
aimed at supporting end-users (educators and clinicians) in evaluating relevance and
effectiveness of serious games.
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In Chapter 8 a general discussion of the findings of this thesis is provided, starting with
the main conclusions from the six studies and the implications for designing blended
learning and serious games. Next, the strengths and limitations of this thesis and the

recommendations for future research are stated. We will conclude with the key points
from this thesis.
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ABSTRACT

Introduction

There is a demand for more attractive and efficient training programmes in postgradu-
ate health care training. This retrospective study aims to show the effectiveness of a
blended versus traditional face-to-face training design. For nurses in postgraduate Acute
and Intensive Care training, the effectiveness of a blended course design was compared
with a traditional design.

Methods

In a first pilot study 57 students took a traditional course (2-h lecture and 2-h workshop)
and 46 students took a blended course (2-h lecture and 2-h online self-study material).
Test results were compared for both groups. After positive results in the pilot study, the
design was replicated for the complete programme in Acute and Intensive Care. Now 16
students followed the traditional programme (11 days face-to-face education) and 31
students did the blended programme (7 days face-to-face and 40 h online self-study).
An evaluation was done after the pilot and course costs were calculated.

Results

Results show that the traditional and blended groups were similar regarding the main
characteristics and did not differ in learning results for both the pilot and the complete
programme. Student evaluations of both designs were positive; however, the blended
group were more confident that they had achieved the learning objectives. Training
costs were reduced substantially.

Conclusion

The blended training design offers an effective and attractive training solution, leading
to a significant reduction in costs.
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INTRODUCTION

During the last decades, a large number of studies have been performed on the effec-
tiveness of online learning, or technology-enhanced learning. From these studies with
students and professionals, both inside and outside the medical domain, the conclusion
can be drawn that online learning is at least as effective as more traditional forms of
learning, for knowledge and skills and students are equally satisfied with both forms'™.
In some studies the combination of online and face- to-face learning (blended learning)

248 while other stud-

has been found to be more effective than traditional learning alone
ies have shown the same results’. There is, however, still little research on the optimal

mix of online and instructor- led learning®.

In this article, we will describe a retrospective effectiveness study on the blended and
the face-to-face design of a programme in Acute and Intensive Care for nurses. We will
describe the methods we used to analyze its effectiveness and the learning and evalua-
tion results. We will end with a discussion on the cost- effectiveness and implications for
health care practice.

The training centre for health professionals of the Erasmus University Medical Center
provides postgraduate, registered nurse education programmes for Intensive, Emer-
gency and Cardiac Care. The basic education course in Acute and Intensive Care forms
an important baseline for all specialized postgraduate nurse training programmes in
Intensive, Emergency and Cardiac Care. These continuous education programmes take
6-18 months and are taken by nurses in combination with their work in hospitals. The
programme in Acute and Intensive Care consists of three parts: a respiration, circulation
and central nervous system course. The respiration course includes a section on acid-
base balance. The students generally experience this specific part of the programme as
difficult and were having problems in applying the principles in practice. We looked for
improvements in the quality and efficiency of this programme, by applying a blended
learning concept, using design features such as practice cases, multimedia, feedback
and repetition, which have proven to be effective in online learning”'®. This online study
material was offered through a permanently accessible Learning Management System
(It's Learning). The students can decide when to study, (re)do the exercises and whether
to collaborate with colleagues or do them alone.

This new design was first launched as a pilot, in order to be able to evaluate the results
before implementing it for the rest of the programme. After analyzing the effectiveness
of and student reactions to the new course design, the other components of the pro-
gramme in Acute and Intensive Care were also redesigned to a blended concept. The
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length of the face-to-face part of the programme was reduced from 11 to 7 days; an
online component was added which took + 40 h of self-study.

If this new, blended course design is effective and appreciated by students, an improve-
ment in course quality and efficiency in training time (and thus cost reduction) can be
realized. In this time of reduced budgets and growing demands on knowledge and skills
of health care professionals, this is an important asset for health care organizations.
For students, blended learning not only offers the opportunity of flexible, ‘anytime,
anywhere’ learning, adaptable to work pressure and personal conditions. It also offers
the opportunity to personalize learning: specific, complex parts of the content can be
exercised as often as desired, until they are profoundly understood and can be applied
in practice, without risks for patient care®. Although there are a large number of articles
on online learning, evaluation studies remain less common''. Comparing two instruc-
tional methods or formats in terms of learning outcomes is relevant to bring the field of
online learning further'.

METHODS

Traditional and blended design of the pilot program

The traditional design of the pilot programme (‘acid-base balance; part of the course on
respiration) consists of a 2-h face-to-face (f2f) lecture and a 2-h f2f workshop (practice
exercises on acid-base balance, blood gas assessment, etc.). The new ‘blended’ design of
this programme consists of the same 2-h lecture; the workshop is replaced by 2-h online
self-study material. The material includes: short web lectures (explaining essentials), a
range of exercises and examples with feedback.

Participants of the pilot

The test results of the students (n = 57) of the traditional ‘acid base’ part of the spring
2011 programme were compared with the test results of the blended design group in
autumn 2011 (n = 46). In order to evaluate the appreciation by students, we used a
survey which was sent to both groups after the course.

Traditional and blended design of the program

After analysis of the results and the conclusion that the new approach turned out to be
successful, the blended design was applied to the rest of the programme on Acute and
Intensive Care for all students.
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The three main parts—respiration, circulation and central nervous system—were rede-
signed, reducing the number of face-to-face training days from 11 to 7, spread over 2
weeks. The seven training days mainly consisted of lectures, explaining the course mate-
rial. The (original) 4 days of workshops were replaced by online study material with the
same format as in the pilot (short web lectures, examples and exercises with feedback).
Several exercises now had a game format. This takes about 40 h of self-study and can be
used to prepare for the lectures and for self-study.

Participants of the program

Students from the basic programme on Acute and Intensive Care in January 2012 followed
a traditional design programme (n = 13-16, depending on the specific test on respiration,
circulation or the nervous system) and students from the same programme in May 2012
followed a blended design (n = 27-31, depending on the test). All students have experi-
ence as a nurse and are currently working as trainees on a special care unit. They all started
with the basic programme on Acute and Intensive Care and continued with a specialized
training programme. In Table 1 the characteristics of the two groups are compared.

Knowledge tests

The knowledge test on ‘acid-base balance’includes 15 questions, as part of 60 multiple
choice questions on respiration (2-4 alternatives). It is part of a summative exam in
which the pass/fail cut-off is defined in a test matrix beforehand. The 15 test questions
from both pilot groups are drawn from the same question pool, in line with the test
matrix. They are equivalent in difficulty and in the number of alternatives.

The Acute and Intensive Care programme has three separate knowledge tests, in time
sequence: on the central nervous system (45 questions), on circulation (53 questions)
and on respiration (60 questions). The tests are summative exams and similar to the
pilot test (multiple choice answers with 2-4 alternatives, pass/fail cut- off defined be-
forehand, questions are equivalent in difficulty and in the number of alternatives). All
tests were taken at the end of each programme part. The test results of participants of
the traditional (group 1) and blended group (group 2) of the pilot (2011) were compared
and, a year later, the test results of the participants of the complete programme (2012)
were again compared for group 1 and 2.

Evaluation

A short evaluation was done after the pilot programme; the survey was sent to the
participants, including a number of statements (4-point scale) and open questions.
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Statistics

We did a reliability analysis of the knowledge tests (Cronbach’s alpha), T-tests to com-
pare means of the knowledge test results and a Mann-Whitney test to compare the
evaluation results, using SPSS version 20.

Calculation of training costs

We calculated the training costs for a hospital to have employees follow the traditional
or blended design, by comparing the direct and indirect costs, assuming: (a) self-study
time is not paid; (b) travel costs are €20- per day on average; (c) indirect costs (costs for
the absence of an employee) for nurses are €50- per hour on average, €400- per day.

RESULTS

Comparability of groups

In Table 1 the characteristics of the participants in the pilot group and the complete
programme on Acute and Intensive Care are described for group 1 (traditional) and 2
(blended). Although students in the traditional pilot group [1] were slightly younger and

Pilot group 1 Pilot group2 P-value Course group 1 Coursegroup2 P-value

Traditional Blended Traditional Blended 2012

2011 (n=57) 2011 (n=46) 2012 (n=16) (n=31)
Age 0.92 0.99
Age <30 40 (70%) 29 (63%) 9 (56%) 17 (55%)
Age =30 17 (30%) 17 (37%) 7 (44%) 14 (45%)
Sex 0.93 0.62
Female 46 (80%) 39 (85%) 8 (50%) 24 (77%)
Male 11 (20%) 7 (15%) 8 (50%) 7 (23%)
Previous education 0.88 0.86
Higher education 28 (50%) 18 (39%) 7 (44%) 10 (32%)
Intermediate education 29 (50%) 28 (61%) 9 (56%) 21 (68%)
Type Hospital 0.89 0.95
University hospital 21 (36%) 21 (46%) 6 (38%) 13 (42%)
General hospital 36 (64%) 25 (54%) 10 (62%) 18 (58%)
Specialisation 0.99 0.99
Intensive Care 18 (32%) 8 (17%) 6 (37,5%) 5(16%)
Emergency Care 10 (18%) 7 (15%) 4 (25%) 10 (32%)
Cardiac Care 6 (10%) 6 (13%) 0 1(3%)
Others 23 (40%) 25 (54%) 6 (37,5%) 15 (48%)

Table 1: Characteristics of participants in the research groups
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more often followed higher education compared with the blended pilot group [2], there
were no significant differences between the two groups for the pilot or complete course.

Reliability of knowledge tests

The reliability (Cronbach’s alpha) for the different test versions on ‘acid-base balance’was
between 0.37 and 0.67 (for group 1 the average a of the test versions was 0.57; for group
2 the average a was 0.47). This reliability is relatively poor, probably because of the small
number of questions [15]. The Cronbach’s alpha for the different test versions of the tests
on respiration, circulation and the central nervous system was between 0.35 and 0.77 (the
average a of the test versions for group 1 was 0.63, for group 2 it was 0.65); this reliability
is moderate. The tests on circulation for both groups had a good reliability (0.77 and 0.68).

Pilot group: test results

Group 1 and 2 both answered 76 % questions about the acid-base balance correctly:
the blended group had the same results on the knowledge test as the traditional group.

Question Students group 1 Studentsgroup2  Mann-Whitney
(traditional, (blended, n=31) scores
n=22) (U and P value)

I have achieved the course objectives

not at all 0% 0% U=390
somewhat 17% 3% P =0.023
reasonable well 22% 13%
very well 50% 82%
no answer 11% 2%

This education format suits my learning style

not at all 0% 0% U=393
somewhat 0% 0% P=0.100
reasonable well 67% 41%

very well 33% 53%

no answer - 6%

I can now understand the clinical characteristics of
a patient from the blood gas analyses

not at all 0% 3%
somewhat 40% 9% U=364
reasonable well 33% 73% P=0477
very well 27% 12%
no answer - 3%

Table 2: Opinions of students in both groups (n=53)



36 | Chapter2

Pilot group: evaluation of the new design

The participants of the traditional and blended group evaluated the pilot programme
roughly equally positively, except for the statement’l have achieved the course objectives.
The blended group was more self-confident in this statement (U = 390, P = 0.023, Table 2).
Comments on open questions from students were: ‘The explanation of the teacher
during the workshop was good’ (group 1) and ‘It’s pleasant to be able to practise inde-
pendently; ‘frequently repeating the exercises is useful’ (group 2).

Acute and Intensive Care program: test results

As Graph 1 shows, the test results of the blended group [2] on the respiration test were
slightly better compared with group 1 although not significant (P > 0.10). The respi-
ration test (60 items) contains more abstract content compared with the other tests.
The results on the circulation (53 items) and neurology (45 items) tests were similar for
both groups. Both groups scored better on the neurology test, probably because of the
smaller number of items.

82%

80%

78%

76%

74%

72% Group 1,
traditional
70%
W Group 2,
68% - blended
66%
64% |+
62%
Respiration Circulation Neurology Average of 3 tests

Grl: 68%, SE=.02 Grl: 75%,SE=.03 Grl: 80%,SE=.03

Gr2: 73%,SE=.02 Gr2: 76%, SE=.02 Gr2: 80%, SE=.02

p>.10 p>.50 p>.40

Graph 1: Test results for the total course, group 1 and 2: percentage right answered questions

Training costs

The costs of training health personnel include direct training costs (course fee and travel
expenses) and indirect costs (costs for the absence of an employee). The blended Acute
and Intensive Care course has been reduced in price by the Erasmus MC training centre
from € 1,350 to € 1,270 compared with the traditional format. As contact time is reduced
by 4 days, travel costs are reduced by € 80 per employee on average. Direct training
costs for a health organization are therefore reduced to € 160 per employee. Absence
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from work is reduced from 11 to 7 days, for 32 h the indirect cost saving is € 1,600 for
nurses on average.

For hospitals that send their postgraduate nurses to training, direct and indirect costs of
the training can be reduced by € 1,760 per person (€ 5,970 for the traditional model to
€ 4,210 for the blended model) by using this blended training model for the course on
Acute and Intensive Care.

DISCUSSION

We found similar learning results for a blended course design (one-third less contact
time and more self-study) compared with a traditional design (more contact time and
less self-study). Looking at the background characteristics of the two groups, a higher
score for the traditional group was to be expected, because they are younger and more
highly educated. Reducing the face-to-face (f2f) training time by one-third (from 11 to
7 days in 2 weeks' time) and adding 40 h of online education led to equally effective
learning. Participants were satisfied with the more interactive way of learning (although
they needed to spend more free time studying) and were more confident that they had
achieved the goals of the course. On the respiratory test (experienced as the most ‘diffi-
cult’one), they performed somewhat, but not significantly better (although the number
of participants was small). Particularly with complex subjects, the blended design offers
the possibility for customized, frequent exercise.

Although we did not randomize the two student groups and cannot be sure what their
knowledge levels were before the training, we were able to confirm that they are com-
parable on a number of important characteristics. These findings were also confirmed in
other small-scale studies'. Further research with larger groups is necessary to validate
these outcomes, preferably randomized studies with a posttest- only design'. One
study with a randomized trial on traditional lecturing versus additional online learning
(blended) reported higher levels of newborn examination skills in the blended learning
group'®; however, this may be caused by a longer learning time. In another randomized
trial learning time was fixed, and the same results for the f2f and blended design were
reported'®. A limitation of this study is the fact we do not have data on the learning time
(the response from students was too low to make reliable conclusions). Very few studies
report on learning time in blended design studies. One qualitative study reported that
students welcome the flexibility, but some feel the online component is invasive in their
everyday life, specifically following a day at work"”.
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In addition, it would be interesting to find out more about the most optimal mix and
conditions for implementation of a blended design. The group in this research was
motivated, as they work in a clinical setting where knowledge on acute care subjects is
essential. For other groups who are not yet working, the results might be different and
another blended mix might be advisable.

As the total training costs are significantly reduced by 30 %, this training design is an
attractive model for health organizations that want to offer efficient and cost- effective
training. For the delivering organization, redesigning a course requires both time and
expertise in the development of effective and attractive e-learning material. Although
the initial investment is high, the investment is worth the costs for training institutions
with a large number of participants, because teacher costs are also reduced. In addition,
it stimulates evaluation of the didactic quality of the course. The Erasmus University MC
training centre has decided to implement the blended design for all specialized training
programmes for nurses.

Conclusions

For the basic Acute and Intensive Care programme at Erasmus MC we have shown that
when a course is redesigned from 11 days face-to-face training (in 2 weeks) to a blended
design of 7 days f2f training, complemented by online self-study material, learning
outcomes remain the same. Students are satisfied with this new design, as they can
tailor learning to their own needs and it offers flexibility. For the affiliated hospitals it is
important that the training costs are reduced and nurses are more available for patient
care.

Essentials

* Blended learning, with one-third less face-to-face training time and more online self-
study is equally effective in learning outcomes for a postgraduate course on Acute
and Intensive Care.

* Highly interactive online self-study material enables students to study complex
subjects in a customized and flexible way, being able to exercise as frequently as
they wish.

e Students are satisfied with the new blended design, although it implies more self-
study time.

* For health organizations a blended design leads to a significant reduction of costs,
mainly because of savings in indirect training costs. Health professionals are more
available for patient care.

* Moreresearch is needed with larger and different groups of participants and courses
to learn more about the optimal blended mix and implementation conditions.
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ABSTRACT

Objective

Each year over 1.5 million health care professionals attend emergency care courses.
Despite high stakes for patients and extensive resources involved, little evidence exists
on the quality of assessment. The aim of this study was to evaluate the validity and reli-
ability of commonly used formats in assessing emergency care skills.

Methods

Residents were assessed at the end of a 2-week emergency course; a subgroup was
videotaped. Psychometric analyses were conducted to assess the validity and inter-rater
reliability of the assessment instrument, which included a checklist, a 9-item compe-
tency scale and a global performance scale.

Results

A group of 144 residents and 12 raters participated in the study; 22 residents were
videotaped and re-assessed by 8 raters. The checklists showed limited validity and poor
inter-rater reliability for the dimensions “correct” and “timely” (ICC= .30 and .39 resp.).
The competency scale had good construct validity, consisting of a clinical and a commu-
nication subscale. The internal consistency of the (sub)scales was high (0=.93/.91/.86).
The inter-rater reliability was moderate for the clinical competency subscale (.49) and
the global performance scale (.50), but poor for the communication subscale (.27). A
generalizability study showed that for a reliable assessment 5-13 raters are needed
when using checklists, four when using the clinical competency scale or the global
performance scale.

Conclusions

This study shows poor validity and reliability for assessing emergency skills with
checklists but good validity and moderate reliability with clinical competency or global
performance scales. Involving more raters can improve the reliability substantially.
Recommendations are made to improve this high stakes skill assessment.
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INTRODUCTION

Background

Worldwide, over 1.5 million health care professionals attend a variety of certified
emergency care courses each year, in which they are trained for the initial assessment
and management of seriously ill patients, using a standardized approach’. At the end
of most of these advanced emergency care courses, participants are assessed on their
knowledge, typically using a multiple-choice test, and on their skills, typically using a
single scenario test with a simulated patient and 1 or 2 raters, depending on the course,
the country and the institution”.

The development of competencies in emergency care is a core component in both
undergraduate and postgraduate medical curricula'. As emergency care skills are critical
for doctors in emergency departments and hospitals, as well as for family practitioners,
the quality of assessment is essential. It is vital that certification of such skills is based
on robust testing, giving the certificate credibility®. Considering the widespread use
of emergency care courses and assessment, the implications for patient safety and
the high costs involved, it is surprising how little research is available on the quality of
these assessments; in particular, their reliability and validity. A small number of studies
have been done on advanced life support courses, sometimes showing poor inter-
rater agreement’ and sometimes showing moderate to good inter-rater agreement with
small selected samples of participants®. Most studies recommend further research, but
few provide specific recommendations. In the current study, we conduct psychometric
analyses on a checklist, a 9-item competency scale and a global performance scale, used
in a certified emergency care course. These assessment formats are commonly used in
emergency care and other settings®’.

Purpose of this study

The purpose of this study was to assess the validity and reliability of commonly used
formats (checklists, competency and global performance scales) in the assessment of
emergency care skills for residents, and to make specific recommendations for further
validation of these instruments.

METHODS

Participants

Since 2009, emergency care courses are mandatory for emergency staff in all Dutch
hospitals. Medical graduates are trained in standard emergency care methods. All Dutch
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family-practice residents are required to do a 6 months traineeship in an emergency
department. Prior to the start all residents must complete a 2 week general emergency
care preparatory course according to specific guidelines®. After passing this course they
are allowed to start their traineeship under supervision of certified attending physi-
cians. This course includes emergency care subjects such as the ABCDE-approach to
emergency resuscitation. Each year 500-600 family-practice residents are trained and as-
sessed, using a scenario assessment and knowledge test. The scenario assessment takes
15 minutes and is performed with one scenario, a standardized (trained) patient and one
trained rater. This is a high stakes assessment for the residents: if they fail, one resit is
offered with another scenario and two raters (including the course director). If a resident
fails again, he/she is not allowed to start the emergency department traineeship.

All trainees in the present study were 2" year residents in the December 2012 or March
2013 course (n=179).They were asked to consent to participate in the study and to being
video-taped during their assessment. Fifteen raters with different medical backgrounds
assessed the participants (one rater per candidate).

Materials

The assessment instrument under evaluation aims to measure the skills and competen-
cies of a doctor in an emergency situation: the ability to perform primary assessment of
aseriously ill orinjured patient, to determine the priority of the necessary actions, and to
start treatment of all immediately life-threatening conditions®. The instrument contains
three parts (formats). A case specific checklist with 8-11 critical decisions (‘recognizes
airway obstruction, ‘supplies oxygen (NRM 12-15L/min.); scored yes/no for ‘correct’ and
‘timely’ Secondly, a Competency Scale (9 items, 6 on the ABCDE method (‘uses ABCDE ap-
proach on initial assessment’) and diagnostics (‘requests additional diagnostic studies’),
3 on communication (‘communicates with patient effectively’), rated on a 7-point scale,
1=very weak, 7=excellent). Thirdly, a Global Performance Scale using a single 10-point
scale to rate ‘independent functioning in caring for acutely ill patients in the Emergency
Department’ (10=perfect). Appendix 1 provides an example. The pass/fail cut point is
based on the Global Performance Scale (fail is <6). Cases were developed by experts
and covered varying emergency care situations (case 1 Diabetic Ketoacidosis, case 2
Cerebrovascular accident, case 3 Hemorrhagic shock due to trauma, case 4 Burn victim).

The knowledge test contained 100 Multiple Choice (MC) items; the pass mark was 60%.
Inter-rater reliability was assessed using videotaped encounters, as has been done

satisfactorily in previous investigations’. Using stratified random sampling, we selected
22 videos from the available 40 videos on two cases (1 and 4) for video assessments.
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The participants were stratified in 3 groups for both cases, based on their global perfor-
mance: <7, between 7-8, > 8. The amount of videos selected from the stratified groups
was proportional to that in the group of participants (n=144).

Eight raters from the regular assessor group viewed the 22 video registrations and as-
sessed the candidates independently at a self-chosen time. All live and video based raters
had different medical backgrounds (emergency medicine physician, surgeon, internist-
intensivist or anaesthesiologist), as is typical in emergency medicine in clinical settings
and for most emergency courses. They were all qualified instructors in internationally
certified emergency medicine courses and trained according to international standards.
The design and assessment of this type of emergency care training is comparable with
ATLS (Advanced Trauma Life Support) and ALS (Advanced Life Support) courses.

Measurements

Reliability of a test indicates the extent to which test results are reproducible and con-
sistent under different conditions®"". For validation, evidence was collected on different
dimensions of construct validity: content, response process, internal structure (including
reliability across items, stations, raters), relations with other variables and consequences'”.
We have measured: content validity (expert panel review of the assessment instrument),
response process (debriefing sessions with raters), internal structure (factor analysis on the
competency scale, analysis of internal consistency, calculation of agreement between
‘live’ and ‘videobased' raters and a generalizability study to explore sources of error) and
relations with other variables (associations between assessment formats).

Statistical analysis

We used Cronbach’s alpha to calculate internal consistency of scales. Inter-rater agree-
ment was computed using the Intra Class Correlation (ICC)"",". We used the two-way
random effects model of the ICC, as raters and candidates are random factors; ‘absolute
agreement’ because this is a criterion-referenced test and ‘single measures’because the
assessment is normally done by a single rater. For the generalizability study, we used an
absolute G-coefficient as both raters and cases can differ between candidates'. In order
to analyze the reliability of the checklist, with a different number of critical decisions
in both cases (8 and 7 items respectively for case 1 and 4), we used the mean summed
score of both cases. Each candidate is assessed with one case, therefore case error could
not be analyzed. The association between formats was calculated using Pearson’s cor-
relation coefficient.

The videotaped and non-videotaped groups were compared on main characteristics
and results using the Student’s t-test (independent and paired); one-way ANOVA was
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used to compare means of cases. We used SPSS version 22. The generalizability study
was done using G String IV software.

Ethics

All participants signed a consent form; the study was approved by the Dutch ethical
board for research in (medical) education (NVMO, the Netherlands Association for
Medical Education, approval no 210). The NVMO is an independent association that
carries out activities for anyone involved in medical and health care education in the
Netherlands and Flanders (Belgium).

RESULTS

Characteristics of study subjects

144 residents, 80% of 179 course trainees, agreed to participate in this study. Of this
group, 86 agreed to have their assessment videotaped (60%). Participants’ average age
was 29.3 years, 82% women, with an average of 5.6 months of experience with acute
patients and an average score of 48% on the national knowledge test for family practi-
tioners. The 22 residents participating in the videotaped assessments were on average
30 years, 68% women, had 4.6 months of experience with acute patients and a score
of 47% on the national test. Differences between the sample and population were not
statistically significant.

Assessment results of the total group

The critical decisions on the checklist were scored as correct and timely for 80% of the
residents (Table 1); means between cases were significantly different for the checklist
(F (3, 80), p<.0001). Scores on the Competency Scale and the Global Performance Scale
did not differ significantly between cases (p=0.25/0.19). Thus, only the checklist showed
variation between cases. Eight percent (n=12) of the residents failed the assessment. On
average 66% of the knowledge test items were answered correctly (SD=9.78).

Assessment results of the video based assessments

The 22 residents were individually (live) assessed by four different raters and all re-
assessed by eight raters. Comparing live and video based assessment showed that the
eight video based raters were more stringent than the live raters for all three parts of the
assessment instrument (Table 2).
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Mean Cases

Assessment format (SD) 1 2 3 4
n 144 44 26 36 38

hecklist critical decisions; M
C ec. ist critica . ecisions; Mean percentage correct 80% 92% 93% 40% 96%
and timely (7-11 items)
(SD) (29%) (10%) (9%) (31%) (13%)
C t le, 9items, 7 pt (1= , 7= llent

ompetency scale, 9 items, 7 pt (1=poor, 7=excellent) 5.61 56 537 5.70 562
Mean
(SD) (.70) .56 .55 1.08 .50
Global Performance scale 1-10, 10=positive end; Mean 7.35 7.44 6.87 7.44 7.47
(SD) (1.24) 1.176 1.25 1.54 93

Table 1: Overview of the assessment results of the skill assessment instrument (all cases)

Assessment format Live rating Video based rating P-value
Checklist; Mean percentage correct and timely (SD) 0.93(0.12) 0.82(0.11) <0.001
Competency scale, Mean 9 items (SD) 5.50 (0.52) 5.30 (0.55) 0.012
Global Performance scale, Mean (SD) 7.3(1.17) 6.9(1.13) 0.002

Table 2: Comparison of video-based and live assessment results of 22 residents (case 1 and 4)

Content and response process evidence

The assessment instrument was evaluated by medical and educational experts and
found to be representative of the emergency care skill to be assessed. The assessment
instrument was implemented from Fall 2012 by the family practice training centre in
the Netherlands. At the beginning of each assessment day, raters were briefed on the
different scenarios and assessment instrument. During the assessment, a course direc-
tor was available for questions. At the end of each assessment day a debriefing session
was organized to evaluate the assessment process. Standardized patients were trained
regularly.

Internal structure

We found an indication of good coherence for the 9-item competency scale, as the fac-
tor analysis showed that 65% of the total variance in the items was explained by one
factor. Inspection of the items loading on the first factor (1-6) indicated this factor could
be summarized as ‘clinical competency’ Further analyses indicated a second factor, ex-
plaining another 9% of the variance. The second factor (item 7-9) could be summarized
as ‘communication competency’. The two factors together explained 74% of the total
variance (Factor analysis results are provided as Appendix S2). The internal consistency
(Cronbach’s alpha), for the 9-item competency scale was 0.93, for the clinical skill sub-
scale (item 1-6) 0.91, for the communication subscale (item 7-9) 0.86. The alpha for the
knowledge test was 0.74. All scales had good internal consistency.
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Inter-rater reliability

The inter-rater agreement, indicated by the Intra Class Correlation (ICC), was poor for
the dimensions ‘correct’ and ‘timely’ of the checklist (Table 3). The ICC on the clinical
competency scale was moderate; it was poor for the communication competency scale.

The ICC for the global Performance scale was moderate.

Assessment format ICC score
Checklist (critical decisions)
Correct (mean sum over 2 scenarios) 0.30
Timely (mean sum over 2 scenarios) 0.39
Clinical competency scale (item 1-6) 0.49
Communication competency scale (item 7-9) 0.27
Global Performance scale 0.50

Table 3: IntraClass Correlation scores for the Checklist, Competency Scales and Global Performance Scale.
Two way random effects model, absolute agreement, single measures, 95% confidence interval. ICC values
0.21-0.40 are considered’ poor/fair; 0.40-0.60 ‘'moderate; 0.60-0.80 ‘substantial, 0.80-1.00 ‘almost perfect’

Generalizability analysis showed that using the checklist, for the dimension ‘correct’ 13
raters would be required to achieve a reliability of 0.80 and for the dimension ‘timely’5
raters would be needed. For both the clinical competency scale and the global perfor-
mance scale, 4 raters would be required to achieve an acceptable reliability (Figure 1).
Using the communication competency scale 13 raters would be needed.

To summarize, the 9-item competency scale showed good overall coherence and
consisted of two factors (constructs): a clinical and communication subscale. Internal
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Figure 1: Absolute G-coefficients as a function of the number of raters per assessment format
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consistency of (sub)scales was high. The inter-rater agreement was moderate for the
clinical competency and the global performance scale and poor for the communication
scale and for the checklist (raters agree more on timeliness than on correctness of critical
decisions). For a reliable assessment, 4 raters are needed using the clinical competency
or global performance scale, 5-13 for the two dimensions of the checklist and 13 using
the communication competency scale.

Relation between assessment formats

The global performance scale was strongly correlated with the 9-item competency scale
(0.85) and was less strongly, but still significantly correlated with the checklist (Table 4).
The score on the knowledge test was correlated with the global performance scale and
9-item competency scale, but not with the checklist score.

Competency Global Performance Knowledge test
Scale Scale score
Checklist score Correlation .13 9% 14
p 12 02 .10
N 144 144 142
Competency Scale Correlation .85%* 24%*
p .00 .004
N 144 142
Global Performance Correlation 27%%
Scale p 001
N 142

Table 4: Pearson’s Correlation coefficient between the 3 assessment formats and knowledge test
(Correlation is significant at the 0.05 level* or the 0.01 level **, 2-tailed).

DISCUSSION

To the best of our knowledge, this is the first time a psychometric study has been done
on three commonly used formats in emergency skills assessment, as part of a certified
emergency care course.

Itis clear that the weakest link in the assessment is the checklist, which has poor reliability.
This may seem counter-intuitive, as case-specific, task oriented item lists were thought
to minimize inter-rater variability, but various studies have shown this is not the case®.
Our results are consistent with research in other domains spanning many years which has
shown that checklists are not as objective as originally supposed'®"’, have inferior valid-
ity, and do not show better reliability than global rating scales'®*". The dimension ‘timely’
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in the checklist showed a higher reliability than the dimension ‘correct’ As timeliness
is at the core of the emergency skill being assessed (the ABCDE approach is about the
right sequence of actions), a higher level of agreement among raters on this dimension
might be expected compared to agreement on the correctness of actions (e.g. whether
the right tools were used). It is good to note that checklists are usually related to the cor-
rectness of clinical actions. Discussion with raters from our study on the poor inter-rater
agreement with checklists made clear that they differed in their professional opinions
on the relevance of the checklist items, probably a consequence of their varying medical
background. The detailed character of checklists makes them more vulnerable to these
differences than rating scales. Although we cannot completely rule out the possibility
that our checklist was insufficiently validated, our findings are consistent with previous
research and provide a legitimate base for our conclusion that checklists, in general, have
insufficient reliability and validity and should be replaced by more global rating scales.

The use of checklists has grown particularly since the widespread implementation of
Objective Structured Clinical Examinations (OSCEs), where clinical performance is
scored at different stations with standardized problems®**. Checklists however tend to
capture only whether some action occurred or not, whereas rating scales require the
interpretation of actions*. In addition, checklists often do not capture increasing levels
of expertise whereas rating scales do®”. An explanation might be that checklists re-
ward thoroughness and mimic a novice’s approach to problem solving, whereas expert
clinicians are not necessarily thorough but highly accurate in problem solving'®'®. The
intuitive attractiveness of checklists was confirmed in a study where clinicians found
checklists more appropriate than competency scales to score clinical performance, but
consistency in pass/fail decisions was equally poor for both forms’. Checklists with long
lists of critical items to be scored often are labour-intensive and we found they are sensi-
tive to case-differences, but do not add any reliability or validity to the assessment.

The competency scale and global performance scale showed high correlations; they
seem to be measuring largely the same underlying dimensions. Advantages of the clinical
competency scale are its potential for providing specific feedback to participants, which
is useful for remediation. The communication scale showed poor reliability. Apparently
raters agree more on clinical than on communication skills, possibly because they are
less trained in assessing communication. What would be the added value of the global
performance scale? An advantage of this scale is the more holistic assessment of the
candidate’s performance, where competency scales are more focused on specific skills.
Multi-case research will have to show which scales have higher inter-case reliability.

Video based raters appeared to be more stringent than live raters on all three parts of the
assessment instrument. Raters assessing videos are more limited: they do not have the
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opportunity to ask supplementary questions or to alter their position; they might miss
subtle checks by the candidate. On the other hand, they could feel more psychological
distance to the candidate and hence look more objectively. We cannot conclude from
this study which assessment is more valid, but in general delayed videos assessment of
emergency skills is found as reliable as live assessment”.

Limitations

This study has some limitations. The assessment method studied was part of a specific
emergency care course in The Netherlands. However, the course design and assessment
method used are quite comparable to a number of internationally certified resuscita-
tion courses, such as ATLS and ALS, and thus are recognizable for instructors from
other courses. Another limitation of this study is the use of a single patient scenario per
candidate. Extensive evidence in assessment research in the last decades shows content
specificity is the main cause of unreliability and as such outweighs all other sources
of bias(24,25). Various studies have shown that inter-rater reliability is a relatively small
source of error compared with inter-case variability (which rarely exceeds a correlation
of 0.1-0.3 across cases”*?**). Thus, the reliability coefficients reported in this study may
well be an upper limit of actual reliability when candidates see different cases. However,
we have analyzed an internationally representative emergency care assessment situa-
tion where single patient scenario assessment is commonly used.

This study yields a number of practical implications for those involved in emergency
care assessment. A first implication is that assessment may be improved by putting more
resources into multiple raters and multiple cases using the competency scales. While it
is clear that additional raters will increase reliability, the data suggest that many raters
will be needed to achieve acceptable standards. In fact, raters would be better deployed
doing independent assessments with different scenarios, as performance of a candidate
in one case is a poor predictor on another case’. One study showed that with 6 short (5
min.) cases and 1 rater per case a substantial reliability in emergency assessment can be
achieved®. A challenge in strengthening reliability is to maintain validity, since complex
skills require an integrated judgement and sufficient time to assess them'®. Another way
to increase the number of cases is to combine formative and summative assessment.
During training, opportunities for observation and feedback can be used to collect more
information on the candidate’s performance with different scenarios. The formative
value of assessment has been given increasing attention lately, characterized as a shift
from assessment of learning to assessment for learning®.

A second way to improve assessment would be to supplement performance testing
with ‘know how’ test formats, using the strong relationship between ‘know how’ (ap-
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plied knowledge) and ‘show how’ (demonstrate skills) for a variety of clinical procedural
skills®'. The ‘key feature’ test, a written test of clinical decision-making, may be useful. It
requires short uncued answers, focusing on the critical steps (‘key features’) in a range
of scenarios'®*. ‘Key feature’ tests have modest correlation with clinical knowledge and
competency tests®. Several studies have shown that these types of tests have good

validity in predicting clinical performance in practice®®.

Although raters are typically experienced and trained, the low inter-rater agreement, also
confirmed in other studies in general clinical skill assessment(6), shows there is room for
improvement. Training has shown to have modest or no gains with experienced raters®;
alignment sessions in which individual rating of videotaped performance is discussed
may be more useful. Pass/fail decisions could be based on composite scores, using data
from multiple tests and occasions®.

Conclusions

This study analyzed the validity of commonly used formats in the assessment of emer-
gency skills, using checklists, competency scales and global performance scales in a
single scenario assessment. One conclusion from this study is that checklists have poor
validity and reliability in assessing emergency skills. As they are still standard practice in
most assessments of emergency care courses, this is an important conclusion. Instead,
the study suggests better measurement will result from using a clinical competency or
a global rating scale. Nevertheless, we observed a limited overall agreement between
raters in the assessment of emergency skills.

A concern is that the limited number of scenarios and raters usually applied in emer-
gency care assessment, results in low reliability and validity. While additional raters
may help, research should be conducted to examine the use of multiple cases in this
assessment. Improving validity of assessment is vital, considering the worldwide use
of emergency care training, the implications for patients, and the high costs of train-
ing. More research into improving valid and feasible assessment of emergency skills is
strongly recommended, using several (short) scenarios and raters.
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APPENDIX 1: ASSESSMENT INSTRUMENT EMERGENCY CARE SKILL (FOR

SCENARIO 1: DIABETIC KETOACIDOSIS)

Name candidate:........eeeeeeeeeriiieeeeeeeeeneennnns Number: ..........
Date: oot RaAteI . uuuiieei it
Checklist (items on critical decisions) k-]
£
|9
[
X
w
correct timely
A | Recognizes airway obstruction (snoring breathing)
Treats airway obstruction (manual maneuver)
B Measures breathing frequency
Supplies oxygen (NRM 12-15 L/min.)
C | Recognizes shock (pulse 104/min and BP 90/60 mmHg)
Starts intravenous fluid bolus (Normal saline 0.9% of Lactated Ringer’s)
D | Measures glucose
Assesses state of consciousness using GCS parameters
E
Competence Scale @
= | o
< c <
3+ [ c E‘ -
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ABCDE approach

1 Uses ABCDE approach on initial assessment

2 Uses ABCDE approach on initial treatment

3 | Uses re-assessment properly

Additional actions

Requests additional diagnostic studies

Proposes a working diagnoses

Consults specialist when needed

Communication

7 | Communicates with patient effectively

Gives clear instructions to nurse

9 Radiates a calm and confident attitude

Global Performance Scale
Assessment of independent function in caring for acutely ill patients in the Emergency
Department:... (1-10)

Passed/Failed
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APPENDIX 2. PRINCIPAL COMPONENT ANALYSES OF THE COMPETENCY
SCALE

Communalities

Competency Scale Initial Extraction
1 uses ABCDE approach on initial assessment 1.000 637
2 uses ABCDE approach on initial treatment 1.000 768
3 uses re-assessment properly 1.000 790
4 requests additional diagnostics 1.000 711
5 proposes a working diagnoses 1.000 610
6 consults specialist when needed 1.000 702
7 communicates with patient effectively 1.000 .869
8 gives clear requests to nurse 1.000 814
9 radiates a calm and secure attitude 1.000 .749

Extraction Method: Principal Component Analysis.

Total Variance Explained

Compo Initial Eigenvalues Extraction Sums of Squared Rotation Sums of Squared Loadings
nent Loadings
Total % of Cumulative | Total % of Cumulative Total % of Cumulative
Variance % Variance % Variance %
1 5.845 64.948 64.948| 5.845| 64.948 64.948 3.875 43.061 43.061
2 .805 8.943 73.891| .805 8.943 73.891 2.775 30.830 73.891
3 .591 6.572 80.463
4 437 4.850 85.313
5 .371 4.119 89.432
6 .290 3.220 92.653
7 .245 2.723 95.376
8 226 2.516 97.891
9 .190 2.109 100.000

Extraction Method: Principal Component Analysis.
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Component Matrix®

Competency Scale Component
1 2

1 uses ABCDE approach on initial assessment 763 -237
2 uses ABCDE approach on initial treatment 824 -.297
3 uses re-assessment properly 878 -137
4 requests additional diagnostics 830 -151
5 proposes a working diagnoses 778 -.062
6 consults specialist when needed 782 -.300
7 communicates with patient effectively 750 554
8 gives clear requests to nurse 824 368
9 radiates a calm and secure attitude .816 .289
Extraction Method: Principal Component Analysis.

a. 2 components extracted.

Rotated Component Matrix®
Component
1 2

1 uses ABCDE approach on initial assessment 743 292
2 uses ABCDE approach on initial treatment 829 284
3 uses re-assessment properly 771 442
4 requests additional diagnostics 742 401
5 proposes a working diagnoses 647 438
6 consults specialist when needed 798 255
7 communicates with patient effectively 239 901
8 gives clear requests to nurse 413 802
9 radiates a calm and secure attitude 456 .735

Extraction Method: Principal Component Analysis. Rotation Method: Varimax with Kaiser

Normalization. a. Rotation converged in 3 iterations.

Component Transformation Matrix

Component 1 2

781 .625
2 -.625 781
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ABSTRACT

Introduction

Training emergency care skills is critical for patient safety but cost-intensive. Serious
games have been propagated as an engaging self-directed learning tool for complex
skills. The objective of this study was to compare the cognitive skills and motivation
of residents who only used a course manual as a preparation for classroom training on
emergency care with residents who used an additional serious game.

Methods

In a quasi-experiment with residents preparing for a rotation in the emergency depart-
ment, the ‘reading’ group (n=52) received a course manual before classroom training;
the ‘reading & game’ group (n=107) received this manual plus the game as preparation
for the same training. Emergency skills were assessed before training (with residents
who agreed to participate in pre-training assessment, n=18 resp. n=24), using validated
competency scales and a global performance scale. We also measured motivation.

Results

All groups were comparable on main characteristics. Before training, the reading &
game group felt engaged with the game and spent more time on task (+2.5 h) than the
reading group. Game playing residents showed higher scores on objectively measured
and self-assessed clinical competencies, but equal scores on the global performance
scale and were equally motivated for training, compared to the reading group. After the
2-week training, no differences between groups existed.

Conclusions

After preparing training with an additional serious game, residents showed improved
clinical competencies, compared to residents who only studied course material. After
2-week training, this advantage disappeared. Future research should study the retention
of game effect in blended designs.
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INTRODUCTION

Inthe last decade, serious games have been propagated for education and training, com-
bining the engaging aspects of video games with the serious goals of education. Serious
games are educational formats requiring learners to participate in a competitive activity
with preset rules and are built to help learners achieve specific learning objectives in a
motivational environment'?. An important category of serious games in education and
health care are simulation games; they offer realistic, engaging learning environments
where students can train decision making processes®. The role of motivation in learning
has been much neglected; if students are intrinsically motivated to learn something,
they are expected to spend more time on learning and feel more positive about what
they learn®. Several studies have been performed regarding the effects of serious games
on learning outcomes and motivation; most reviews however show mixed and ambigu-

ous results, largely due to methodological flaws in the reviewed studies'**”.

Training emergency care skills is critical for patient safety and an essential part of un-
dergraduate and postgraduate medical education. Each year, worldwide more than 1.5
million health care professionals attend a variety of emergency care courses, using the
internationally standardized “ABCDE” approach®. This method prioritizes initial resusci-
tation of critically ill patients. The mnemonic stands for Airway, Breathing, Circulation,
Disability and Exposure. Substantial resources are involved in training these complex
cognitive skills®. Complex skills integrate knowledge, several skills and a professional
attitude, to be performed within a constrained time interval'®. Considering the train-
ing challenges and tight budgets in health care organizations, more efficient training
models are required. In 2010, the International Liaison Committee of Resuscitation rec-
ommended to combine online self-directed training with instructor lead skills training".

As a preparation for instructor-led emergency skills training, we have developed a seri-
ous game (abcdeSIM), in which residents can stabilize patients in a virtual emergency
department. Should games prove to be effective as a preparation for training complex
acute care skills, then training time may be reduced. Once simulation games have been
developed, they can be used for skills training for large numbers of trainees, with no ex-
tra costs for instructors or simulation patients, in contrast to simulation centers. Blended
learning, combining e-learning with classroom training, has been shown to make
emergency care training more efficient for different learning goals, while maintaining

learning outcomes®'2.

The research questions of this study are: Do residents, who use the abcdeSIM game
in addition to a course manual as a preparation for classroom training, show better
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emergency care skills than residents who exclusively use a course manual, and are they
motivated to play the game? Are game-playing residents more motivated towards the
course content than residents who only used the course material? Is there a difference
between groups in skills level after two weeks of training?

METHODS

Participants, setting and study design

We performed this study with 2nd year family practice residents. All family-practice
residents in the Netherlands are required to do a 6-month traineeship in an emergency
department; prior to the start residents must complete a 2-week general emergency
care course. After passing this course they are allowed to start their traineeship under
supervision of certified attending physicians. This course includes emergency care
subjects based on the ABCDE-approach to emergency resuscitation. Each year 500-600
Dutch family-practice residents are trained and assessed in this 2-week certified course.
They are assigned in a timeline in training groups of 70-90 residents by the academic
training organization; there are no systematic differences between groups.

Most residents have limited experience with emergency care. As the residents of a
particular training group usually know each other (they are following the same courses),
random assignment to the reading & game and reading group was not feasible; game
accounts could easily be exchanged between groups. In addition, different resident
groups are quite homogeneous in age and experience. Therefore we used a quasi-
experimental design with a historical control: residents from the December training group
were treated as the control (reading) group and received the course manual 6 weeks
before the 2 week classroom training. Residents from March and September groups
were treated as the intervention (reading & game) group and in addition received an
account for the abcdeSIM game 6 weeks before training. They were advised to first study
the course material and then play the game. The game group completed an online
evaluation questionnaire after playing the game. Emergency care skills were assessed
prior to the training and on the last training day. Participants completed a pre-training
questionnaire during the first training day and their data on post-training assessment
were recorded.

Selection of participants

Six weeks before the training, residents from the groups involved were asked to partici-
pate in the pre-training assessment 2 hours before the training; this assessment was not
part of the regular program and had no consequences for the participants. On the first
training-day, all residents were additionally asked to participate in the rest of the study
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(questionnaires, post training assessment). Participants signed a consent form for both
study parts; the study was approved by the Dutch ethical board for research in medical
education (NVMO, no 210).

Materials

Preparatory course manual

All residents received a course manual on emergency care skills as a preparation for
classroom training. The manual contained instructional material (no cases) on the
ABCDE-approach and the essentials of medical emergency and trauma care. Subjects
that were covered in the manual were impaired vital functions, disturbances of con-
sciousness, etc (Table 1).

Learning goals Content

Course material Develop knowledge on ABCDE-  Theory on emergency care approach and
approach and essentials of interventions, such as: impaired vital functions,
emergency and trauma care breathing problems, chest pain, disturbances of

consciousness, patient in shock, pediatric patient,
acute abdomen, injuries, medication.

Serious game Develop cognitive emergency Six high-fidelity cases with feedback on common
care skills emergency care syndromes: exacerbation COPD,
pneumosepsis, subarachnoid hemorrhage, acute
coronary syndrome, hemorrhagic shock due to
gastrointestinal bleeding, deep venous thrombosis.

Table 1: Overview of the preparation of classroom training

Preparatory serious game

The abcdeSIM simulation game was developed by Erasmus University Medical Center
Rotterdam and Schola Medica and provides an online simulated emergency depart-
ment, where residents can apply and exercise their emergency care skills with virtual
patients. All relevant tools for assessment and stabilization of acutely ill patients are
virtually available (stethoscope, lab tests, infusion fluids, blood, medication) and a
high-fidelity mathematical model of human physiology for respiration, circulation and
neurological functioning was implemented on the virtual patients to create realism and
give feedback on the patients’ condition. The game contained six regular adult patient
cases (cases in Table 1).

The game was primarily aimed at training clinical emergency care skills; communication
skills were not addressed in the game. Each case took 15 minutes (a timer was presented)
and could be done as often as desired. During playing, players received direct feedback
on their actions through a monitor with data on the patient’s condition and from the
assisting virtual nurse. After playing a case residents got a score and narrative feedback.
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Figure 1: Screenshots of the abcdeS/IM game

The game score was dependent on how many right decisions were performed accord-
ing to the ABCDE method and how efficiently this was done (less minutes resulted in
more points). There was a high score list to compare scores of players. The simulation
game contained only (six) cases, no additional instructions (Screenshots of the game
are provided as Figure 1). The reading & game group studied the course material as a
preparation for game play.

Classroom training

The 2 week training course was aimed at training emergency care skills, using the ABCDE
approach and basic and advanced life support techniques. The design and assessment
of this course is comparable with A(T)LS (Advanced (Trauma) Life Support) courses.
The training provided a combination of lectures, scenario training in small groups with
standardized patients and mannequins and skills training. Each participant acted as the
treating physician on three scenarios with a simulation patient, on one scenario with
a pediatric mannequin and assisted as a nurse on six other scenarios. In addition s/he
observed and critiqued peers on 15 scenarios. Each 20 minute scenario play is followed
by a 20 minutes feedback session. To summarize: during training residents played an
active role on ten scenarios and reviewed another fifteen scenarios.

Assessment and evaluation instruments

Skill assessment

Post training assessment was part of the regular certified emergency care course.
Fifteen assessors with different medical specialty backgrounds, all qualified instructors
in internationally certified emergency medicine courses and trained according to inter-
national standards (a standardized Generic Instructor Course), assessed the residents;
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one rater per candidate. Assessments consisted of a one-case scenario test (15 minutes)
with a standardized, trained simulation patient. Due to the design the assessors could
not be blinded for the condition; they may have heard about the game as a preparation
for training but they were not involved in the study, nor had any interest in a specific
outcome. Before assessments, raters were briefed on the scenarios and instrument. Dur-
ing assessments, a course director was available for questions. This is a high stakes
assessment for the residents: if they fail, one resit is offered with another scenario and
two raters (including the course director). If a resident fails again, s/he is not allowed
to start the emergency department traineeship. Participants for the pre and post train-
ing assessments were assigned at random to different assessment scenarios. The same
scenarios were used for the reading group and reading & game group.

The assessment instrument was aimed to measure the ability to assess and treat seri-
ously ill or injured patients and consisted of a clinical competency scale (6 items on
the ABCDE method and diagnostics, e.g. ‘uses ABCDE approach on initial assessment’),
a communication competency scale (3 items on communication, e.g. ‘communicates
with patient effectively’), both rated on a 7-point scale (7=excellent). In addition, the
assessor judged the candidate on a global performance scale (using a single 10-point
scale to rate ‘independent functioning in caring for acutely ill patients in the Emergency
Department’ (10=perfect, assessment instrument is Supplementary File 1). The pass/fail
cut point was based on the global performance scale (fail if <6). The assessment instru-
ment was validated in a separate study; the competency scales showed good construct
validity and internal consistency. The clinical competency scale and global performance
scale showed moderate interrater reliability (ICC=0.49 resp. 0.50); the communication
competency scale had poor interrater reliability (ICC=0.27)°.

Motivation questionnaire on the game

After working on all cases in the game, residents who participated in the reading & game
group completed an online questionnaire evaluating the game and the motivation to
play. The questionnaire consisted of 9 statements, including items such as:”l felt actively
involved with the patient cases’, to be scored on a 5-point Likert scale (5=fully agree),
(Supplementary file 2).

Pre-training questionnaire on task value, self-efficacy and self-assessment

During the first training day, a questionnaire was completed by all participants on mo-
tivation towards the course, self-efficacy and self-assessment. The Motivated Strategies
for Learning Questionnaire (MSLQ) has been used extensively in educational research
projects to measure students’ motivational orientations'. We used two subscales: Task
value (9 items, e.g. “I think that what | am learning in this course is useful for me to
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know”) and Self-efficacy (9 items, e.g. “I'm certain | can understand the ideas taught in
this course”. All items were rated on a 7-point Likert scale (7=very true of me). In addition
participants completed a self-assessment instrument, based on the raters’ assessment
instrument.

Self-study time

On the last training day (before assessment), all residents completed an evaluation form
on the course, including a question on how much self-study they had spent preparing
the course in hours. The questionnaire was anonymous; data on self-study time was
available on group-level only.

Statistical analysis

A reliability analysis (Cronbach’s alpha) was calculated for the questionnaires and as-
sessment instruments. Independent t-tests were performed to compare group charac-
teristics, assessment data and motivation data from the reading and reading & game
group. Unless the distribution of scores is severely skewed, data from rating scales can
be analyzed as if they were interval without introducing bias'. Effect sizes (ES) were
calculated using Glass's delta. Practical significance of research results can be quantified
from being small (ES = 0.20) to moderate (ES = 0.50) to large (ES = 0.80)". Associations
between game data were calculated using Pearson’s coefficient. We treated missing data
with pairwise deletion and used SPSS for the statistical analysis.

RESULTS

Characteristics of participants

Out of 210 eligible residents (60 from the reading group, 150 from reading & game
group), 159 consented to participate in the study (76%); 52 in the reading and 107 in the
game & reading group. A subgroup of 18 (reading) and 24 (reading & game) residents
agreed to participate in the pre-training skill assessment. There were no differences
between the reading group and reading & game group on main characteristics, such as
experience with acute patients and score on national test for family practice residents
(Table 2). The pre-training assessment group (n=42) did not differ from the rest of the
research participants (n=117, data not presented).

Assessment results acute care skills

Reliability of the scales (Cronbach’s alpha) was 0.92 for the 6 items clinical competency
scale and 0.81 for the 3 items communication competency scale. Before training (after
the game), the reading & game group performed better on clinical competency skills
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Before training assessment After training assessment

Reading Reading & p Reading Reading & p
group game group group game group
n 18 24 52 107
Women 13 (72%) 19 (79%) 0.61 42 (81%) 82 (77%) 0.56
Age 29.8 29.5 0.80 29.8 29.2 0.28
Experience acute care 8.2 43 0.20 6.0 53 0.59
(months)
Score on national knowledge 52.2 49.0 0.33 47.6 45.8 0.13

test

Table 2: Characteristics of reading group and reading & game group before and after training
*Independent t-test comparing reading and reading & game group; Confidence Interval is 95%.

(p=0.03, Table 3) with a medium-large effect size (Glass’s d=.62) than the reading group.
Improvements occurred particularly in the items on initial assessment (d=0.82), treat-
ment (d=0.72) and requests for additional diagnostics (d=0.50). The reading & game
group also showed less variability in competency-levels (more homogeneity measured
as smaller standard deviation scores; p=0.02). There were no differences in communica-
tion competency skills or on global performance scores between groups before training.
There was an association between assessment scores on the global performance scale
with the clinical competencies scale (r=0.74, p<0.001) and with the communication
competencies scale (r=0.42, p=0.006).

Before training

After training

Reading Reading & p Reading Reading & p
group game group group game group
N 18 24 52 107
Mean (SD)  Mean (SD) Mean (SD)  Mean (SD)
Clinical competencies 346(1.27) 4.25(0.75) 0.03*  5.6(0.54) 5.7 (0.91) 0.34
(7 pt. scale)
Communication 4.85 (0.76) 4.71(0.92) 0.59 5.7 (0.56) 5.8 (0.84) 0.41
competencies (7 pt. scale)
Global performance 4.92(1.19)  5.04(1.08) 0.73 7.4(0.93) 7.2 (1.36) 0.24

(10 pt. scale)

Table 3: Assessment results before and after training
* on two-tailed test

At the end of the 2 week training, scores on the competency and global performance
scales were similar for both groups (Table 3). There was also an association between
assessment scores on the global performance scale with the clinical competencies scale
(r=0.80, p<0.001) and with the communication competencies scale (r=0.60, p<0.001).
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Self-study time and game data

Mean self-study time (self-reported) before the course for the reading group was 9.9
hours (SD=5.9 h) and for the reading & game group it was 12.4 hours (SD=5.7 h); the
game group spent 2.5 hours extra self-study time (p=0.007). Mean game playing time
(logged) for the game group was 2.2 hours per resident (SD=0.95 h), which is consistent
with the self-reported study time. The game group spent on average 17 minutes per
case. There was an association between playing time and game score (r=0.49, p< 0.001),
indicating a learning effect within the game.

Evaluation of the game

Reliability (Cronbach’s alpha) of the 9-item game motivation scale was 0.80 (n=90). Mean
score on the 5-point scale was 3.9 (SD=0.41). Above average scoring items were “| felt
actively involved with the cases” (Mean=4.2,5D=0.53), “My attention was completely
drawn to the cases” (M=4.2,5D=0.63), “l liked playing the game” (M=4.2, SD=0.69). Below
average scoring item was “I regularly felt stressed during playing the cases” (M=3.3,
SD=0.87) (Table with evaluation data is available as Supplementary file 3).

Motivation towards the course, self-efficacy and self-assessment

Reliability of the task value scale was 0.76 (n=159), the self-efficacy scale 0=0.83 (n=159)
and the self-assessment scales on clinical and communication competencies a=0.88
respectively a=0.71 (n=150). On comparison, both groups did not show different scores
on task value (motivation for the course, M=6.2/6.2; SD=0.43/0.39 for the reading and
reading & game group resp. on the 7-point scale) and self-efficacy before training
(M=4.8/4.8; SD=0.66/0.61 for the reading and reading & game group resp.). The self-
assessment scores on clinical competencies before training were higher for the reading
& game group (n=104, M=4.7, SD=0.54) than the reading group (n=46, M=4.4, SD=0.74,
p=0.01). There were no differences in self-assessed communication competences or
global performance before training.

DISCUSSION

This study to compared the cognitive skills and motivation of residents who only used
a course manual as a preparation for classroom training on emergency care (the ‘read-
ing group’) with residents who used an additional serious game (the ‘reading & game
group’). The results showed a positive effect of an additional preparatory serious game
on the clinical emergency care competencies of residents, compared to a group who
exclusively read a course manual. The game had no effect on communication competen-
cies or on global performance in caring for acutely ill patients.
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With limited extra self-study time (2.5 hours, compared to 10 hours spent on the course
manual by both groups), the serious game had a positive effect on clinical competencies,
with a moderate-large effect size, and reduced the variability in clinical performance. For
teachers, a more homogeneous student group is easier to train. The same communica-
tion competency levels were measured in both groups, which can be explained by the
fact that the game did not address these competencies. Nor was there an effect of the
game on global performance; apparently this more holistic, perhaps personal notion of
global performance captures for assessors more than only clinical competencies. The
fact that both skills are not perceived as the same by assessors was supported by the
(only) partial correlation of the global performance and clinical competency scores.
Moreover, the self-assessment of the reading & game group only improved for the clini-
cal competencies (not for global performance), compared to the reading group.
Teachers’ reactions indicated that the extended (game-based) training preparation had
a positive impact on the residents’ starting level and on the training. Before, there was a
considerable heterogeneity in the group; some trainees had experience with scenario-
based ABCDE training, while most residents started with the knowledge from the course
manual.

Our study basically compared reading and reading in adjunct with game-play. As the
‘reading and game group’ spent more time-on-task, It remains open which character-
istics of the game were important for skills-learning (the cases, high-fidelity character,
the scoring system). The game added an opportunity to practice with the cases cases
(virtual patients). The finding that this had a positive impact on residents’ clinical skills
is consistent with research on task-centered learning, showing that learning with real-
world tasks facilitates skills development and transfer to practice'®'®. In addition, reviews
on technology enhanced simulation in health care show that in comparison with no
intervention, simulation is associated with large effects on knowledge and skills'"'®,
Future design-based research which controls for time on task will have to clarify the

specific features that support skills learning.

Considering the question of games and motivation, we found that residents were moti-
vated to learn with the game and felt engaged with the game cases. This was supported
by the fact that they played the patient cases several times and spent 2.5 hours extra
self-study time on the game (as showed by logged game-time). This is an important
result, as in self-guided, online training programs motivated trainees will put more effort
in learning. It also suggests the simulation game could be used as a skills maintenance
tool after training.

How do games motivate learners to spend extra time on task? Choice and the oppor-
tunity for self-direction appear to enhance intrinsic motivation, as they afford a greater
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sense of autonomy'®. The opportunities for self-directed learning and interest in the
subject of the game probably created intrinsic motivation. More research is needed on
the specific features that make games engaging for learning, compared to simulations
and interactive cases.

Residents who used the game were just as motivated for the course as residents who
did not use it. An explanation for this is that these residents already were very motivated
for this training, as was shown by the high ‘task values. When residents know they are
going to need certain skills in practice, they usually are quite motivated for the course.
Both groups had the same (general) self-efficacy levels, but the reading & game group
correctly self-assessed their clinical skills as superior to that of the reading group. These
findings may be explained by the fact that the game does not easily change the residents’
general sense of self-efficacy to be successful during the course, whereas it did make
them more aware of their improved emergency skills. Learners often radically overes-
timate the level of skills they have achieved; the fact we have not found this illusion of
competence® and our residents accurately assessed their clinical skills as improved, in
contrast to their communication skills, is a relevant finding for self-directed learning.

After two weeks of training, we no longer found a positive effect of the preparatory
game. An obvious explanation for this is learning time: the effect of the 2.5 hours game-
time was overshadowed by the 2-week classroom training. Also, in terms of the number
of different scenarios done and reviewed, classroom training dominated game training
largely (25 versus 6). For complex cognitive skills like problem solving, offering train-
ing programs with a high variety of learning tasks is important to allow transfer to new
tasks®'. Considering the relatively high assessment scores at the end of training, there
probably also was a ceiling effect in the residents’ competencies after the 2-week train-
ing.

Given the higher starting level in clinical competencies, a relevant question is whether
classroom training can be shortened in combination with the game, maintaining learn-
ing outcomes. This would make the blended training design more cost effective because
online games are scalable to large numbers of health care professionals without extra
costs (in contrast to simulation centers). A study on Advanced Life Support training,
comparing assessment results at the end of a conventional 2-days course with a 1-day
course supplemented with online interactive simulation cases, showed similar knowl-
edge and skills®. Future research should study the retention of game effects on learning
outcomes in relation to subsequent shorter classroom training (blended designs).
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Limitations

One limitation of our study is the fact that groups were not randomized, thereby
confounders may potentially have played a role. Our research groups were very ho-
mogeneous (2™ year family practice residents), and we believe we measured the most
important possible confounders, such as experience with acute patients and general
knowledge on national tests, and found no differences between groups. Another limita-
tion is the relatively small number of participants for the pre-training assessment (n=42).
Although the number of residents was limited, they do not differ from the total group on
important characteristics and thus may be considered as representative for the groups
they came from. In addition, self-assessment data from the total group (n=150) supports
the measured improvement in clinical skills from the smaller group. Despite the small
sample, we did find (practical) significant differences in skills between groups. Never-
theless, the small numbers limited our possibilities to analyze relationships between
game-time, performance and motivation more specifically. It would be interesting to
replicate the study with larger groups of residents and a shorter (blended) training
design. Thirdly, we did not assess the effects on patient outcomes. Few emergency
care courses have had patient outcomes as an end-point®, but it would be worthwhile
to investigate the transfer to clinical practice. Finally, this study is not conclusive on
the question of whether learning time or the game format were responsible for the
improved skills, as the game group spent more time on task. Many studies on serious
games discuss proposed elements that are important for motivation and learning, but
relatively few describe empirical evidence® 2. Comparative design-based research will
have to show which features of simulation cases enhance learning outcomes®*%, This
‘value-added’ research approach (Mayer) will be an important next step in the young
field of game-based learning®.

Conclusion

In summary, this study showed that serious games can be used as an effective, moti-
vating preparation for instructor-led emergency care courses to train residents’ clinical
competencies. Learning from doing, with a variety of realistic, interactive patient cases,
through error and without harming patients are important potential benefits of games
and simulation programs. Future research will have to show how this effect can be
sustained and whether training time can be reduced in combination with online
simulated cases, maintaining learning outcomes. More research is also needed on the
game-features which are critical for engaged skills learning.
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APPENDIX 1: ASSESSMENT INSTRUMENT EMERGENCY CARE SKILL
Name candidate: ......coceeveveeevereercecrenens Number: ........

Date: oo Rater:............

Competency Scale

1 very weak

2 weak

3 insufficient
4 questionable
5 sufficient

6 good

7 excellent

ABCDE approach

1 Uses ABCDE approach on initial assessment

2 Uses ABCDE approach on initial treatment

3 Uses re-assessment properly

Additional actions

4 Requests additional diagnostic studies

5 Proposes a working diagnoses

6 Consults specialist when needed

Communication

7 Communicates with patient effectively

8 Gives clear instructions to nurse

9 Radiates a calm and confident attitude

Global Performance Scale

Assessment of independent function in caring for acutely ill patients in the Emergency
Department:... (1-10)

Passed/Failed:
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APPENDIX 2: MOTIVATION QUESTIONNAIRE ON THE ABCDESIM GAME

Choose the assertion which fits best your opinion on the game you just played

Fully disagree

Disagree

Neutral

\Agree

Fully agree

1 During play, my attention was very focused on the game cases

2 | felt actively involved with the game cases
3 | was able to concentrate well during game play
4 | liked this way of learning

5 It was fun to play the game

6 | could experience for myself what did and did not work in the ABCDE approach

7 I learned a lot from doing game

8 | During game play, I felt like the emergency doctor in charge

9 | regularly felt stressed during playing the patient cases

Do you have any comments to make on the game?
Strong points: e

Points of improvement: .......ccccceevencineieneenns
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ABSTRACT

Introduction

Simulation games are becoming increasingly popular in education, but more insight in
their critical design features is needed. This study investigated the effects of fidelity of
open patient cases in adjunct to an instructional e-module on students’ cognitive skills
and motivation.

Methods

We set up a three-group randomized post-test-only design: a control group working on
an e-module; a cases group, combining the e-module with low-fidelity text-based pa-
tient cases, and a game group, combining the e-module with a high-fidelity simulation
game with the same cases. Participants completed questionnaires on cognitive load
and motivation. After a 4-week study period, blinded assessors rated students’ cognitive
emergency care skills in two mannequin-based scenarios.

Results

In total 61 students participated and were assessed; 16 control group students, 20 cases
students and 25 game students. Learning time was 2 hours longer for the cases and
game groups than for the control group. Acquired cognitive skills did not differ between
groups. The game group experienced higher intrinsic and germane cognitive load than
the cases group (p=0.03 and 0.01) and felt more engaged (p<0.001). Inexperienced
students did not profit from working on open cases (in adjunct to an e-module), which
nonetheless challenged them to study longer.

Conclusions

The e-module appeared to be very effective, while the high-fidelity game, although
engaging, probably distracted students and impeded learning. Medical educators de-
signing motivating and effective skills training for novices should well align complexity
and fidelity of cases with students’ proficiency level. The relation between case-fidelity,
motivation and skills development is an important field for further study.
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INTRODUCTION

Although simulation training is becoming widely established within medical education,
too little attention is often paid to its effects on motivation and the clinical context'.
Technology-enhanced simulation training includes computer based simulators, high-
fidelity and static mannequins and training with animals or cadavers’. It provides learn-
ing opportunities for controlled skills practice, without harming the patient. Simulation
games can offer learning tasks and instruction in a realistic, engaging computer-based
environment, in which trainees directly experience the consequences of their decisions®.
Well-designed simulation games (or digital games in general) apply game characteris-
tics (players compete in attaining game objectives by following rules and principles) to
create a challenging, immersive learning environment which may lead the player into a
flow experience®®. Tasks in medical simulation games may contain more or less realistic
cases, which can be performed repeatedly without extra costs. Games and simulations
are part of the shift from a traditional training model to a learner-centred model, putting
the learner into a more active role with challenging and engaging forms of learning®.

In the next few years, higher education is expected to see an increasing use of games’®,
Although several studies have been performed in the last decade, reviews on the effects
of simulation or serious games on learning outcomes and motivation have shown mixed
and ambiguous results** . Furthermore, there is little consensus on the critical design
features that support learning or motivation in games®.

In contrast, the effectiveness of technology-enhanced simulation training, in comparison
with no intervention, has been well established for knowledge and skills*'. In addition,
for skills outcomes different design features have proven to be effective in simulations,
such as cases with a range of task difficulty, repetitive practice, interactivity and clinical
variation''*. Realistic cases in simulation training have often shown to facilitate transfer
to practice'®". Similarly, higher-fidelity simulations in emergency care provide greater
benefit than lower-fidelity simulation, although definitions of fidelity tend to vary'®.
However, four of five studies comparing high and low-fidelity conditions in training
complex skills showed no significant differences in learning outcomes; motivational
outcomes were not measured'®. Recent studies suggest that fidelity is an important
factor in simulation-based training, but it is multi-factorial, and the degree of realism
required of a simulation is a function of the learning task, the learners and the context®.

An important consideration in instructional design is cognitive load. For novice learners,
high-fidelity cases may be detrimental because they provide too many ‘seductive details’
and can easily cause cognitive overload. In combination with a complex task, too much

(possibly relevant) details in a high-fidelity learning environment may cause overload
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and impede learning. When confronted with real or high-fidelity tasks, these tasks should
initially be relatively simple, decreasing intrinsic load”'. A simpler presentation of cases
(e.g. paper-based) may be just as motivating and also be more profitable for students
with little experience.’Psychological fidelity’ pertains to the degree to which a simulated
task replicates the skills and psychological factors (stress, involvement) experienced in
the real environment. ‘Functional fidelity’ pertains to the degree to which a simulated
task environment reacts to the tasks executed by the learner in a similar way as the
real task environment. Depending on the expertise of the learner, the properties of the
simulation should be functionally aligned with the criterion task®. ‘Physical fidelity’
pertains to the degree to which the simulated task environment looks, sounds and feels
like the real environment®'. Cognitive load theory assumes that working memory load
is affected by intrinsic load (the intrinsic complexity of the learning tasks), extraneous
load (the manner in which the tasks are presented) and germane load (the cognitive

involvement or learning that actually occurs)®

. With expertise development, schemes
are created which organise knowledge but also reduce working memory load. Proper
measurement of the different types of cognitive load can help understand why effec-
tiveness may differ as a function of instructional formats and learner characteristics and
how they may interact®. Reviews of cognitive load theory underline the need to find
load-reducing approaches for knowledge-intensive procedures. An important theme is
finding the right balance between stimulating germane processes while offering suf-
ficient structure to avoid cognitive overload®. The role of motivation has increasingly

been recognized and integrated in cognitive load theory®.

Training emergency skills is critical for patient safety and substantial resources are in-
volved in training this clinical cognitive skill. It involves systematic evaluation and stabi-
lization of critically ill patients, using the internationally standardized ABCDE approach
(Airway, Breathing, Circulation, Disability, Exposure). This method includes several sub
skills (procedures) in which the initial resuscitation of critically ill patients is prioritized.
We developed a simulation game for residents, where this cognitive skill is trained in
a realistic emergency setting, as a preparation for face-to-face training. Our previous
study on the effectiveness of this game showed positive effects on residents’ clinical
cognitive skills”’. However, this study was inconclusive on answering the question which
design features of the simulation game had been responsible for the positive effect.

In the present study, we therefore investigate the effects of adding low-fidelity and high-
fidelity patient cases to an instructional e-module on medical students’ cognitive skills
and motivation to learn with these instructional formats. In this experimental study we
used the same simulation game as in our previous study (a virtual emergency care de-
partment) as a high-fidelity learning environment. As a low-fidelity environment, we of-
fered the same patient cases as online text-based interactive cases. Both groups started
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with an instructional e-module on emergency care. We also added a control group, who
exclusively studied this e-module. We chose pre-clerkship (4th-year) medical students
as the target population, as they have basic knowledge of emergency care, whereas
residents have typically been exposed to these skills before or during their residency
program.

We hypothesized that (1) the game group would outperform the cases group on emer-
gency skills, and that the cases group would perform better than the control group on
these skills. We expected working on open patient cases would improve performance
(compared to instruction only) and we expected the game would stimulate engagement
and performance. (2) We expected the high-fidelity game group to be more motivated,
study longer, and be more cognitively involved than the low-fidelity cases group.

METHODS

Setting and selection of participants

The study was conducted at the Erasmus MC Medical School, Rotterdam, the Nether-
lands, with medical students who had finished their Bachelor degree, usually in their
4th-year of study, just before their 2-year clinical clerkships. The basics of emergency
medicine are taughtin the bachelor curriculum, but this does not include clinical training
with simulation patients. Emergency care skills are clinical, primarily cognitive skills: the
ability to perform primary assessment of a seriously injured or ill patient, to determine
the priority of the necessary actions, and to start initial treatment?,

The recruitment took place in March 2014 after a 4th-year lecture and through the Medi-
cal School’s online communication channel for 4th-year medical students. Students were
recruited 5 weeks before the assessment to allow time for self-study at home. When
they consented to participate they were randomly assigned (using the Excel random
function) to the game, cases or control group and received a personal access code. An
i-Pad was raffled among the participants who showed up at the assessment. The skill
assessments were carried out from 14 to 18 April 2014.

Study design

The control group had access from home to an instructional e-module on emergency
care, followed by a knowledge test. The cases group, in addition to the e-module, worked
on online text-based cases (‘low-fidelity condition’). The game group, in addition to the
e-module, worked on a simulation game with the same cases (‘high-fidelity condition’).
All groups completed questionnaires on motivation and cognitive load after working on
the study material. After four weeks of study-time, participants did a mannequin-based
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Study-design

Control group Cases group Game group
E-module
Instructional e-module Instructional e-module Instructional e-module
Questionnaire ‘ Cognitive load e-module ‘ ‘ Cognitive load e-module ‘ ‘ Cognitive load e-module ‘
- — 2 N
— — BT et T —
Open Cases == :
program — = -
Text based cases (low fidelity) Simulation game (high fidelity)
Questionnaires ‘ Cognitive load cases program ‘ ‘ Cognitive load cases program ‘

Motivational effect e-module ‘ ‘ Motivational effect cases program ‘ ‘ Motivational effect cases program ‘

Skill assessment

Figure 1: Study-design

scenario assessment. As inter-case variability is known to be an important source of er-

29,30
r

ro all students did an assessment with 2 cases (figure 1).

Materials

E-module

All groups started their online training with an instructional e-module on emergency
care, aimed at developing knowledge on systematically evaluating and stabilizing
acutely ill patients, using the internationally standardized ABCDE approach (Airway,
Breathing, Circulation, Disability, Exposure). In this approach the Airway, Breathing
and Circulation are assessed, using the “look, listen, feel” steps. The information was
presented in text with photos, questions with feedback and a 15-minute demonstration
video (‘worked case’) by an experienced doctor and nurse with a standardized patient.
The e-module contained no open cases and took about 2 hours to study; students were
free to return to the e-module during their work on the cases.

Text-based cases
The text-based cases program was developed for the research study and was designed
to train the ABCDE approach. It offered six online, interactive text-based patient cases,
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Figure 2: Two screenshots of the text-based cases

each with one patient photo with brief information on the patients’ condition and open
questions on the initial assessment and treatment of the patient, followed by written
feedback. For instance: ‘where do you start with this patient and where do you focus
on in the physical examination?’ was followed by a chronological description of the
assessment of the patient (learners can compare their answers). All information on the
patients’ condition was provided in text; the patient did not react to wrong decisions or
interventions. The six patient cases were about acutely ill patients, e.g. gastro-intestinal
bleeding leading to circulatory shock and subarachnoid bleeding with seizures. If a
case was done for a second time, the same questions and feedback were provided. This
low-fidelity condition provided lower functional fidelity (feedback on the actions of the
learner was text-based, thus less similar to the real task) and lower physical fidelity (the
task environment looked and sounded less like a real clinical environment), compared
to the game condition. We estimated the cases program took 2-4 hours to study (screen-
shots of the Cases are in Figure 2).

Simulation game (‘abcdeSIM’)

The computer-based simulation game (abcdeSIM) was designed for residents to train
cognitive emergency care skills (perform the ABCDE approach on different patients).
Its design was based on analysing the task demands of this approach and offered an
online realistic emergency department with the same six cases, which now took the
form of virtual patients. The game started with a storyline in which the patient was pre-
sented to the player with brief information on the patients’ condition. The player then
performed physical examination, aided with tools (e.g. a penlight symbolizes “look”, a
stethoscope symbolizes “listen” and a hand symbolizes “feel”) which had to be used in
a correct way to gather the correct information. The stethoscope would only provide
breathing sounds if put on the right spot on the thorax, and different locations provided
different lung sounds. The player could also order diagnostics (e.g. laboratory testing,
ECG); results were presented after a certain timeframe. All sounds, pupil reflexes, lab
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Figure 3: Two screenshots of the abcdeSIM game

results etc. had to be acquired and interpreted by the player and this information should
lead to proper treatment of the patient with oxygen, infusion fluids, medication, etc. The
(absence of) treatment lead to changes in the patients’vital signs, real time displayed on
a medical monitor (with sounds) to increase fidelity and give immediate feedback on the
patients’ condition. The vital signs were generated by a high-fidelity model of human
physiology. Each patient had to be stabilized within 15 minutes; a timer was presented.
The storyline ends with an explanation of how the patient faired after the players care,
including narrative feedback on the actions and a score. The score depended on the
number of correct decisions taken according to the ABCDE approach (e.g. put right
oxygen mask on patient: 20 points) and the efficiency of actions (less minutes means
more points). Each time a game-case was played, the condition of the patient could
vary, depending on the interventions made. Players could compare their scores with
peers and with a 'high score’ list, to stimulate competition between players. The game
did not explicitly train communication skills. This high-fidelity condition provided higher
functional fidelity (alignment of cognitive demands in the game tasks with the real
tasks, including realistic feedback from the patient’s reaction on the learner’s actions)
and higher physical fidelity (the sub tasks, such as using the stethoscope and tools, such
as a vital sign monitor looked and sounded like the ones in a real emergency depart-
ment). The psychological fidelity, related to the cognitive skill at stake including stress,
boredom etc. was similar in both conditions. We estimated the game took 2-4 hours to
study (screen shots of the Game are in Figure 3).

Assessment instruments and questionnaires

Knowledge test

The self-diagnostic knowledge test consisted of 24, four options Multiple Choice (MC)
questions on emergency care. After finishing the test, a fail/pass result was presented
(the standard was 75% correct) with the number of correct answers. Students could do
the test up to 3 times; the last score was saved.
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Skill assessment

Students were assessed at our institution with two 15-minutes mannequin-based
(Laerdal Crash Kelly®) scenario assessments on diabetic coma and urosepsis with de-
lirium (in random sequence), taking their low level of experience into account. In both
scenario’s, students had to work according to the ABCDE-approach, as taught in the
E-module. Assessors, who were qualified instructors in emergency courses, introduced
and led the scenario. They were familiar with the assessment instrument, blinded for
the intervention group and changed scenarios halfway. To get a passing score for
the scenario, student had to make a proper diagnosis and start treatment, showing
adequacy in the skills that were assessed. The assessment instrument consisted of a
clinical competency scale (6 items on the ABCDE method), a communication competency
scale (3 items on communication with the patient and nurse), both rated on a 7-point
scale (1=very weak, 7=excellent), and a global performance scale (10-point scale to rate
‘independent functioning in caring for acutely ill patients in the Emergency Depart-
ment, 10=perfect). The construct validity and inter-rater reliability of the assessment
instrument was validated in a separate study with residents. The clinical competency
scale had good construct validity (factor-analysis explained 65% of total variance); the
clinical competency and global performance scale had moderate interrater reliability
(ICC single measures=0.49/0.50%); the communication competency scale had poor inter-
rater reliability (ICC=0.27). Internal consistency of scales was high (0=0.91 and 0.86 for
clinical and communication competency scales resp.)*'.

Questionnaire on cognitive load

The cognitive load questionnaire has been validated in other work?®. It consisted of 10
questions; 3 on intrinsic cognitive load (e.g.“the content of the e-module/cases/game was
very complex”), 3 on extraneous cognitive load (e.g. “the explanations and instructions in
the e-module/cases/game were very unclear”) and 4 on germane cognitive load (e.g. “the
e-module/ cases/ game really enhanced my understanding of the problems that were
discussed”). The questionnaire was scored from 0 (= not all applicable) to 10 (= very much
applicable). Sores = 6 for intrinsic load indicate that content is perceived as complex.

Questionnaire on motivation and learning time

A questionnaire on motivation to learn with one of the three formats was developed,
based on a previous study on the game effectiveness with residents”. The 9-item ques-
tionnaire consisted of 2 constructs: engagement (“it was fun to work through the mate-
rial”, 6 items) and feedback (“during learning, | could tell whether | was doing well, 3

2 For Interrater reliability, ICC values (single measures) of 0.21-0.40 are considered ‘poor; 0.40 — 0.60 ‘moderate;
0.60-0.80 ‘substantial’and 0.80-1.00 ‘almost perfect’
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items); scored on a 5-point Likert scale (1= fully disagree, 5= fully agree). For the control
group, the item on the challenging character of cases was left out, leaving 8 items for
this group. At the end of this questionnaire, participants also answered some general
questions on age, gender, the amount of time they spent on the study material, their
clinical experience and whether they had experience with acutely ill patients (question-
naire can be found as Appendix 1). All participants reported learning time separately for
the e-module and (if applicable) for the cases or game. Game-time was also computer-
recorded.

Statistical analysis

We assessed associations between categorical variables using chi-squared tests. ANOVA
analysis and Independent t-tests were used to compare groups on continuous and ordi-
nal variables. Unless the distribution of scores is severely skewed, data from rating scales
can be analyzed as if they were interval scales without introducing bias®. For statistically
significant findings in ANOVA, post hoc analysis was done with S-N-K adjustments. Effect
sizes (ES) were calculated using Glass's delta, as homoscedasticity (same variance) is not
assumed®. Effect sizes of 0.50 were considered medium and ES > 0.80 were considered
large®*. We used Pearson’s coefficient to calculate associations. Inter-case reliability in
performance assessment was calculated using the Intraclass correlation (ICC). We used
regression analysis to determine the factors that were related to clinical skill levels.
Analyses were performed using SPSS; we present 95% confidence intervals.

Ethical issues

The study was approved by the Dutch ethical board for research in Medical Education
(NVMO, no 210). All participants signed an informed consent form.

RESULTS

Student characteristics

In total 79 students were recruited for the study; they were randomly assigned to the
game (n=30), cases (n=30) and control group (n=19). As we were particularly interested
in the effects of fidelity on motivation and performance in the cases and game group, we
chose to make the control group smaller (25% of the participants). In total 61 students
showed up for the assessment 4 weeks later (77 %); 25 from the game, 20 from the cases
and 16 from the control group.

There were no significant differences between groups in ‘no shows' The participating
students on average were 23 years old, had some clinical experience (in clerkship or with
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acute patients); a small majority was female. There were no differences between inter-
vention groups in age, clinical experience, or Grade Point Average (GPA) in the Bachelor,
but groups did differ in gender: overall 48% of the participants were male, but the control
group had more male students (69%) than the game group (28%), (X* (2) = 7.2, p = 0.03).

Knowledge test

There were no significant differences in results on the knowledge test between the three
intervention groups. The game group had a score of 20.4 (SD = 2.1) the cases group 19.7
(SD = 3.4) and the control group 19.4 (SD = 5.3) out of 24 points. Thus, all groups had the
same knowledge after doing the e-module.

Assessment results emergency care skills

There were no significant differences between groups in assessment scores for clinical
competencies, communication competencies, and global performance (Table 1). There
was no difference in skills between male and female students. The internal consistency
(a) of the competency scales for case 1 was 0.84 and 0.86 for the clinical and communi-
cation scale respectively; for case 2 it was 0.83 and 0.81.

The inter-case reliability as measured with ICC (single cases) was 0.54 for global perfor-
mance, 0.41 for the communication competencies and 0.39 for the clinical competencies.

Total Control group Casesgroup  Gamegroup F p-value
n 61 16 20 25
Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Clinical competencies 54 5.6 52 54 2.10 0.13
(6 items, 7-point scale) (0.71) (0.64) (0.75) (0.68)
Communication competencies 5.5 5.7 54 55 2.69 0.08
(3 items, 7-point scale) (0.52) (0.35) (0.59) (0.52)
Global performance 7.5 7.9 7.2 74 2.22 0.12
(10-point scale) (1.0) (0.89) (1.1) (1.0)

Table 1: Assessment scores per intervention group (average scores over 2 scenarios)

Learning time and game data

Self-reported total learning time was higher for both the game and cases groups (ca. 4
hours) in comparison with controls (ca. 2 hours), with large variation within groups (F (2,
56) = 5.1, p < 0.05, Table 2). All groups spent the majority of their learning time on the
e-module. The game and cases groups did not only spend additional time on the cases
or game, but also spent more time on the e-module compared to the controls, although
this difference was not statistically significant (F (2,56) = 0.96, p > 0.10). There was no
significant difference in total learning time between the game group and cases group.
Two students in the game group did not use the game (they were included because
there was an ‘intention to treat’).
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Control group  Cases group Game group F p-value

n 16 20 25
Mean (SD) Mean (SD) Mean (SD)

E-module 133 177 146 0.96 0.39
(78) (118) (98)

Game/Cases 70 95 2.7 0.11

(46) (53)

Total self-reported  learning time 133 247 241 5.1 0.01*
(78) (139) (124)

Logged game time 90

in minutes (49)

* Significantly different between control and cases/game group
Table 2: Self-reported learning time per intervention group (in minutes)

Analysis of performance of longer playing students in the game group (above the me-
dian of 88 min., n=12) compared to shorter playing students showedslightly higher (not
significantly different) scores for clinical competencies (M= 5.6) and global performance
(M= 7.8), but they did not outperform the control group. Communication competencies
remained the same (M= 5.5).

The mean game score for the game was 3172 points (SD= 1599). There was an associa-
tion between game time and game score (r= 0.80, p < 0.0001), and between game time
and clinical competencies (r= 0.45, p = 0.03). There was no association between self-
reported time (on text-based or game-based cases) and clinical competencies (r=-0.12).

Factors influencing skills level

In order to analyse which factors determine the level of clinical competencies, a regres-
sion analysis was performed with the variables: intervention group, experience (in
clerkship or with acute patients), Grade Point Average (GPA), and total self-reported
learning time. GPA was the only significant factor predicting skill level in the total group
of students (B = 1.89, p = 0.01). There was no correlation between GPA and game time
(r=0.05, p > 0.1), indicating independence of effects.

Cognitive load

The mean intrinsic cognitive load score of the e-module for all groups was 4.2 (SD =
2.02, n = 54), extraneous cognitive load was 2.6 (SD=1.52) and germane cognitive load
was 7.9 (SD = 1.50). Comparing cognitive load of the e-module with cognitive load of
the game or cases (for the game/cases group, using a paired t-test) showed that only
intrinsic cognitive load of the e-module (M = 4.7, SD = 2.1) was lower than for the game
orcases (M=5.7,SD = 1.6, p=0.02, ES = 0.45) (Cl around the mean difference for intrinsic
load is 0.19 < 0.93 < 1.68). The game group experienced significantly higher levels of
intrinsic and germane cognitive load than the cases group with large effect sizes, but
comparable extraneous cognitive load (Figure 4).
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Figure 4: Cognitive load scores for the e-module (all groups) and for the game and cases

In summary, the e-module content was not perceived as very complex, the explana-
tions were clear and students were very actively processing the information from the
e-module. The game was perceived as more complex than the cases program and
students were more actively processing the tasks. Explanations in the game and cases
program were equally clear.

Motivation questionnaire

Mean scores on engagement were different for the three groups (Figure 5). The game
group experienced higher engagement than both the cases and control groups (both p
< 0.001), with large effect sizes. The game group experienced more feedback than the
control group (p < 0.05, with large effect sizes; Cl for mean differences is 0.11 < 0.70 <
1.28), but not compared to the cases group (p = 0.2). There was no association between
the engagement scores and game time (r =0.22, p > 0.1).

5
p<0.001, ES= 1.5/1.4* I_I p<0.05, ES=1.0%*
45 -
4 -+
3.5
3 @ Game group
@ Cases group
257 O Control group
2 -+
1.5 -
1 -+
Engagement Feedback * 1.5:Game vs. Cases
**Game vs. Control

Figure 5: Engagement and feedback scores per intervention group for the e-module, cases and game
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In open remarks from students from the game group they stated they liked learning
with the game, but would have preferred more specific feedback on their actions after
doing a case and would have liked additional instructional demonstration videos includ-
ing the use of the instruments.

DISCUSSION

This study compared the effects of high-fidelity and low-fidelity open patient cases
and a control condition (working on an e-module only) on students’ cognitive skills
and motivation. We showed that complex cognitive emergency care skills of 4th-year
medical students were not improved by adding open patient cases as part of a (high-
fidelity) simulation game or (low-fidelity) text-based cases to an instructional e-module.
Students who worked on the patient cases experienced them as more complex than the
instructional e-module, and spent an additional 2 hours studying. Surprisingly, despite
this extra study-time, their performance in two scenario-based assessments did not
improve. A second finding was that the simulation game, that considerably enhanced
students’ motivation, was perceived as more complex and stimulated students to put
more effort in the cases compared to the text-based cases. Nonetheless, the game group
did not study longer and showed the same level of performance as the text-based cases
group. The levels of extraneous load were equally low for both cases groups, indicating
learning was not hampered by unclear explanations.

Our first hypothesis that the game group would outperform the cases group, and the
cases group would outperform the control group on emergency skills was clearly not
confirmed. All groups showed the same level of performance in emergency care, despite
large differences in learning time. Our second expectation that the game group would
be more motivated and show more cognitive involvement than the cases group was
confirmed, although, despite their higher engagement, they did not study longer and
did not improve their performances.

Why did these 4™-year students not profit from the 2 hours of highly engaged, extra
learning time spent on the text- and game-based cases? All groups showed the same
knowledge levels on the self-test after studying the e-module. Maybe our study was
underpowered and real, existing differences remained unnoticed? Although we can-
not exclude this possibility, we believe it is unlikely this would have changed our main
conclusions, considering the mean assessment scores of the experimental groups (with
limited variation within groups). Apparently the e-module, including a demonstration
video on the ABCDE approach, was quite effective. Hence a possible explanation is
we observed a ceiling effect and the cases had nothing to add in terms of learning.
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Although the assessment scores may seem relatively high, assessors took the low level
of students’ experience in emergency care into account; as a result these scores cannot
be interpreted in absolute terms. The fact that students spent considerable extra time
on the cases, and reported high levels of germane load in both conditions makes this
assumption unlikely. The opposite argument, the possibility that the assessment setting
with a mannequin was too difficult for the students, is in fact more likely. Working with
mannequins is not implemented in our medical curriculum and is different from work-
ing with simulated cases. Maybe the assessment instrument also was not sufficiently
differentiating lower skills levels? The high reliability scores of the competency scales,
indicating good variability within groups, and the good inter-case reliability do not
provide support for this assumption. The fact that neither the cases nor the game group
improved learning indicates that students probably experienced a problem with the
open patient cases; we expect they were too complex to solve without guidance. This
is confirmed by the high germane load scores in both case conditions and the fact that
the intrinsic load in these conditions was perceived as higher than intrinsic load in the
e-module. Moreover, the 2 hours extra learning time was only partly spent on the cases;
the majority of the 4 hours learning time was spent on the e-module. Students may have
returned to the e-module for supporting information to solve the case problems. Ap-
parently for these novices in emergency care, the cognitive gap between the e-module
and the six open cases was too large. This assumption is supported by remarks from
students that they would have liked more video demonstrations and more specific
feedback in the cases. Spending extra time on the game and text-based cases may even
have resulted in a shift from being “unconsciously incompetent” to being “consciously
incompetent”’, making them more insecure during assessment (but possibly more eager
to learn in the future).

In summary, we believe the e-module (with the video) was quite effective in teaching
the principles of the ABCDE approach, the open case problems were too complex for the
students and possibly the assessment situation was too demanding as well. Our finding
that for initial skills acquisition, solving open cases does not necessarily add anything in
terms of learning to (online) instruction with a demonstration video, is in line with re-
search showing that studying worked examples is superior to solving training problems,
attributed to the fact that examples allow for building a cognitive scheme®?*, In addi-
tion, the effectiveness of online instruction for learning skills is consistently confirmed

33738 as has the effectiveness of instructional videos. For instance, in

in review studies
a critical care situation, students who watched a video demonstration or practiced
hands-on in a high-fidelity simulator generated the same responses®®. Another study

with surgical novices showed that video training in adjunct with expert instruction did
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not improve the development or retention of surgical skills more than video training
alone®.

Contrary to our expectations, the high-fidelity game group spent the same amount of
learning time as the low-fidelity cases group although, as expected, the game group was
more motivated and was more cognitively involved in learning. The cases group was less
engaged to learn with their format, but apparently was sufficiently motivated to learn
about the ABCDE approach, resulting in the same time on task and the same skills level.
Was the game more distracting than helpful for learning? The association between
game time and clinical skills indicates functional alignment between game-tasks and
assessed tasks probably did not fail completely, as this association was independent
from academic performance or students’ motivation. However, since longer playing
students (> 90 minutes) still did not outperform the control group, the game is probably
distracting for novices, specifically in the beginning. A possible explanation is that the
attributes which created higher physical fidelity in the game (the tasks and tools in the
game, which looked and sounded like a real emergency room) were very engaging for
students, but at the same time confused them, creating overload in combination with
the task demands, and deteriorated learning. The attributes which created higher func-
tional fidelity (alignment of cognitive task demands with real tasks, including realistic
feedback from the patients’ reactions) may be only effective after players spent more
time, got used to the sounds and tools, and were able to concentrate on the cognitive
tasks, if at all. Further research is needed to confirm this conjecture. Measurement of
cognitive load during game play rather than one measurement after playing different
game cases would be useful to gain more insight in this process. In addition, the extra-
neous load items (currently addressing “unclear instructions”), might be extended with
items addressing distracting elements in the learning task.

The abcdeSIM game was originally developed for residents. Compared to 2" year resi-
dents who did show improved clinical cognitive skills after playing the same game for
(on average) 130 minutes, these students spent limited game-time (90 minutes) and also
had lower game-scores”. This is an important finding, indicating an ‘expertise reversal
effect’ where a rich learning environment (with tasks at a specific level of complexity)
may benefit experts, but is counter-productive for novice learners*'. Another important
difference between residents from the previous study®” and students in the current
study is that residents were preparing for an emergency department traineeship two
weeks later, increasing their dedication to learn this skill. Students volunteering for a
research study do not have the same focus during learning.

Is it possible that other game attributes than fidelity stimulated engagement and cog-
nitive effort? The serious game and text-based cases mainly differed in functional and
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physical fidelity, but the game also had a scoring system to stimulate competition and
longer play. Although we cannot exclude the possibility that engagement was positively
influenced by the scoring system, competition did not lead to more time on task or
higher skills levels in the game group compared to the cases group. Mayer concluded
from several studies there is not yet convincing evidence that competition in games
stimulates learning®.

In summary: the high-fidelity simulation game enhanced motivation and cognitive effort
compared to the cases, but appears to be distracting and impeded learning for novices.
We expect especially the physical fidelity (tools and sounds in the game) provided too
many details and might have created cognitive overload. Our finding that high-fidelity
presentation of cases did not improve learning for novices is in line with a number of
other studies. Formats with different levels of authenticity (paper-based cases, video
cases and simulated patients) did not influence students’ skills and performance on the
short and longer term™®. Two studies comparing text-based and video-enhanced virtual
patients showed better respectively worse reasoning outcomes for the text-only format,
with small effect sizes*. Schematic representations in (non-medical) simulation games
often were more effective than realistic representations'?. However, Brydges et al. found
that allowing students to progress in their practice on simulators of increasing fidelity
improved transfer of a broad range of clinical skills*. More research is needed on the
interplay between complexity of cases, (functional and physical) fidelity, motivation and
performance development for different proficiency levels.

Implications for medical education

This study yields a number of implications for designing engaging and effective online
skills training in medical education. For initial cognitive skill acquisition, an instructional
e-module with one or more demonstration videos is a powerful instructional format. Ad-
ditional patient cases stimulate students to study longer and be cognitive involved, but
do not necessarily result in learning when these tasks are too complex. Worked cases,
part task practice, hints and gradually increasing task complexity in open cases can be
used to help students build the cognitive schemes required as a preparation for doing
more complex open cases”'. Although high-fidelity patient cases in a simulation game
may enhance motivation and cognitive involvement, they can easily distract novice
students and impede learning. In particular physical fidelity can easily create cognitive
overload for novices. Learning task fidelity should only gradually increase as learners be-
come more proficient™. As the same game, originally developed for residents, resulted
in improved clinical competencies with family practice residents”, our results from the
two studies are an illustration of the expertise reversal effect, where a rich learning envi-
ronment may benefit experts, but is counter-productive for novice learners. Our finding

97



98 | Chapter5

that motivation and cognitive involvement were unrelated to learning outcomes is
an important notion for game-based learning and research, as objectively measured
learning outcomes are not always part of models in use. Moreover, a simulation game
that motivates and stimulates learners has little practical meaning in the absence of real
learning effects.

Limitations

This study has a number of limitations. First, the sample size of the control group was
limited, as a result comparisons between the control group and the game or cases group
may have been underpowered. Considering the assessment scores and limited variation
within groups, we don’t expect larger samples would have changed our conclusions.
However, in a follow-up study we recommend to use larger samples for the control
group. A second limitation was the fact that patient cases appeared to be too complex,
which made it difficult to investigate the main research question regarding the effect
of fidelity in cases. Based on the combined data from the assessment, game play and
questionnaires we were able to draw some conclusions, but in a future study it is advis-
able to test complexity of cases before the start of a research study, e.g. in a pilot. A third
limitation was the problem of confounding, as the game differed in several attributes
from the text-based condition, such as physical and functional fidelity and a scoring
system. We argued it is unlikely the scoring system had a considerable influence on the
main results, but it was not possible to separate the effects of physical and functional
fidelity. Although in games different attributes often are intertwined, for design-based
research itisimportant to develop and investigate game versions with unique attributes.
A last limitation is the fact that this study is focused on cognitive emergency care skills
of 4th-year medical students. As competency level of learners is an important factor in
the effectiveness of instructional design, findings cannot be generalised to other groups
or domains.

Conclusions

This study compared the effects of an emergency care simulation game with a text-based
cases program (with the same cases) and a control condition (working on an e-module
only) on students’ clinical cognitive skills and motivation. For initial skills acquisition,
an e-module with a video demonstration is a powerful instructional format. These stu-
dents, who were inexperienced in emergency care, did not profit from additional work
on open cases, which appeared to be too complex, but nonetheless challenged them
to study longer. The high-fidelity simulation game increased complexity and did not
improve their skills-level, even though students put more effort into it and felt more
engaged with it than with the low-fidelity cases. Probably the game distracted students
and impeded learning. In the design of motivating and effective cognitive skills train-
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ing for novices, complexity and fidelity of cases should well be aligned with students’
proficiency level. More design-based research is needed on the relation between case-
fidelity, motivation and skills development for novices and experts to make informed

choices in this increasingly important field.

Contribution
The authors wish to thank Geoff Norman for reviewing the paper.
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Effects of a simulation game on students’ clinical skills and motivation

APPENDIX 1: MOTIVATION QUESTIONNAIRE

Choose the assertion which fits best your opinion on the study material

[
E [
g | a g
T | 2| B | ®
> | g 5 ¢=
= s =
2 |alz 22
L | o o < n
E1 | Ithink the e-module/cases/game can be valuable for me
E 2 | Ithink this study material is helpful for me to master the ABCDE approach
E3 | Iliked this way of learning
E4 | It was fun to work through the material
E5 | After working through the material, | felt encouraged to study it again
E 6 | It was challenging to perform well on the patient cases (not for control
group)
F1 | During learning, | could tell whether | was doing well
F2 | I could experience for myself what did and did not work in the ABCDE
approach
F3 | I received sufficient feedback

Do you have any remarks on the content of the material (positive or negative)?

POSItIVE! oot

Negative: .....ccoovveivcienincieenne

E: Engagement Questionnaire; F: Feedback Questionnaire
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ABSTRACT

Purpose

Serious games are engaging training formats with the potential to teach patient safety
awareness at relatively low costs. We investigated whether undergraduate medical
students developed better patient safety knowledge and awareness and were more
motivated after using a serious game, compared with peers who studied the same top-
ics with an e-module.

Methods

Fourth-year medical students were randomly assigned to either a serious game that
included video-lectures, biofeedback exercises and patient missions or an e-module,
that included text-based lectures on the same topics. A third group acted as a historical
control group without extra education. After the intervention, all students completed a
knowledge test, a self-efficacy test and a motivation questionnaire. During the following
10-week clinical rotation they filled out weekly questionnaires on perceived stress and
patient-safety awareness and behavior.

Results

In total 103 students participated, 32 in the game, 34 in the e-module and 37 in the
control-group. Knowledge was equally improved in the game and e-module-groups
compared to the control group. Average learning-time was 3 hours for the game and 1
hour for the e-module-group. During rotations, students in the three groups reported
low and similar levels of stress and patient-safety awareness. Students who had treated
patients successfully during game missions experienced higher self-efficacy but less
stress during their rotation. The game, particularly the patient mission-part, was evalu-
ated as considerably more engaging than the e-module, with large effect sizes.

Conclusions

Video-lectures and text-based lectures are equally effective in developing knowledge
on patient safety topics. Although serious games are strongly engaging for students and
stimulate them to study longer, they do not necessarily result in better patient safety
awareness. More research in this domain is needed.
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INTRODUCTION

Medical injuries in hospitals pose a significant threat to patients and incur substantial
costs to society'. A decade after the publication ‘To err is human'?, Landrigan et al., re-
ported that‘harms remain common, with little evidence of widespread improvement.>.
An important determinant of patient safety in hospitals is awareness and technical
and non-technical skills of junior doctors and their supervision. They are typically first
responders to deteriorating patients during nights and weekends; lack of patient-safety
training for clinicians appears to be a major contributor to preventable harm®. More-
over, experiencing medical errors can have severe psychological impact on students®.
Traditionally, medical curricula have focused on three major competencies: medical
knowledge, technical skills and clinical decision making. The aviation industry previ-
ously recognized that many major incidents were the result of failures in non-technical
skills® and have now incorporated team training and situational awareness in their train-
ing programs, but introduction of such training in healthcare has been slow in most
countries”®,

The Institute of Medicine has called for reform of health professions education to
advance healthcare safety and quality’. The WHO'’s World Alliance for Patient Safety
developed guidelines and resources for a patient safety program, covering topics as
the systems approach, being a team player and learning from errors'®. Considering the
already packed medical curricula, the scale of training needs, tight training budgets and
limited training time in health care organizations, current training formats no longer
suffice to meet the needs for patient safety training. Novel, effective and more efficient
training formats are needed in adjunction to traditional training.

Online instructional formats such as e-modules'' ™"

15,16

and computer-based simulation
programs > ° offer flexible and cost-effective learning opportunities and are known to
enhance knowledge and skills. They can be used for self-study or ‘blended’ with class-
room training. Serious games offer new experiential, engaging learning opportunities for
complex skills learning". Games in patient safety education have the potential to teach
awareness and the basics of teamwork skills that are typically acquired in simulation set-
tings, but at a fraction of the costs'®. Effectiveness studies on serious games in general
however have shown mixed and ambiguous results'®**. So far, very few comparative
studies on effectiveness of online programs or serious games in patient safety education
have been conducted. To move patient safety education one step further, it is important
to know the comparative educational value of these instructional formats. If they prove
to be engaging as well as effective for learners, their flexibility in use (anytime/place)
and scalability (a high-quality online program can teach large groups of trainees at low
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costs per person) might offer advantages over traditional formats. We compared the
effects of a serious game on patient safety with an e-module on the same topic.

In the present study, we investigated whether undergraduate medical students devel-
oped better patient safety knowledge and awareness and were more motivated after
studying a serious game (experiential learning) in comparison with a simple e-module
(instructional learning). The game included video-lectures on patient-safety issues,
biofeedback exercises for stress management and patient-missions to stimulate patient-
safety awareness. The e-module was text-based, with the same content. We compared
both groups with a control-group who received no extra education. Following Kirkpat-

rick’s framework of evaluation®*

we assessed students’ satisfaction with the game and

e-module (level 1), their knowledge and self-efficacy (level 2), and their self-reported

stress and patient-safety awareness during practice (between level 2 and 3). Our hy-
potheses were:

a) knowledge on patient-safety will equally improve among students in the game
and e-module-groups, but more than in the control-group, as video and text-based
lectures have a positive, but similar effect on knowledge.

b) Perceived stress in subsequent clinical rotations will be lower in the game-group
than in the e-module or control-group, as biofeedback exercises provide more ad-
equate feedback than text-based exercises or nothing.

c) Patient-safety awareness and self-efficacy will be higher in the game-group than in
both other groups, as there were no real substitutes for the game-based missions in
the e-module.

d) Students in the game-group will be more motivated to learn with the game than
students from the e-module-group.

METHODS

Setting, design and selection of participants

The research population consisted of fourth-year undergraduate medical students, do-
ing a clinical introduction course immediately before the start of a 10 week Internal
Medicine rotation (first rotation). The one-week introduction course consisted of clinical
training and patient safety education.

Students who consented to participate from September 2013-February 2014 were
randomly assigned to the game or e-module-group, using the Excel random-function.
Students who did the introduction course 6 months earlier, from April-September 2013,
and consented to participate were used as historical controls. We used this design to
prevent the risk of contamination of conditions as students from the e-module or game-
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group might share access with the control-group (many 4™year-medical students know
each other well). Primary outcome measures were (i) motivation to do the e-module or
game, (i) knowledge on patient safety, (iii) self-efficacy and (iv) self-reported stress and
patient safety awareness during the clinical rotation.

On the first day of the introduction course, students were asked to participate in the
study. When students from the control-group consented, they received no extra instruc-
tion. When students from the game/e-module-group consented, they received the
game (game-group) or link to the module (e-module-group) on the same day with a
brief instruction. On the last day of the course, all groups completed a knowledge test,
self-efficacy test and evaluation questionnaire. Students from the game-group returned
the game and game-data were extracted. During the following 10-week clinical rota-
tion, they filled out a weekly questionnaire on perceived stress and patient safety issues.
Blinding was secured by the fact that one of the authors (OR) performed the randomiza-
tion and data-collection from online questionnaires, and another author (MD) analyzed
the data.

Every 2 weeks, approximately 13 students started the introduction course and the
following clerkship Internal Medicine. These fourth-year medical students are approxi-
mately 23-24 years old, and 60 to 70% is female. We raffled an i-Pad among participating
students and continued recruitment until groups consisted of + 40 students. Data col-
lection took 12 months.

Materials

Serious game ‘Air Medic Sky-1’

A a serious game on patient safety was developed for starting residents and medical
students (“Air-Medic-Sky-1"). Learning goals are: to stimulate patient safety awareness
(e.g. using ‘hear-back’ recognizing ‘red flags’ in clinical situations) and learning to per-
form effective stress management (e.g. being able to use simple breathing exercises to
deal with stress).

The game offers three parts: a) brief video lectures by international experts about patient
safety topics such as communication, focus under stress, teamwork; b) biofeedback-
breathing exercises to enable learners to consciously influence their own stress levels.
The game comes with a biofeedback device with finger sensors to measure heart rate
variability and skin conductance. Players gain points by watching video lectures and
by doing breathing exercises. After gathering a certain amount of points, the player
will be invited to participate in c) patient care missions to disaster areas around the
world in a virtual flying hospital, where patients can be diagnosed and treated. During
these missions, players learn to combine treating several patients simultaneously, while
communicating and collaborating with superiors and nurses. Players gain patient-care
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Figure 1: Three screenshots of the Air Medic Sky-1 game and a photo of the finger sensors

points by doing this successfully. From previous beta testing we knew that students
need at least 3 to 4 hours to play all main sections of the game (See Figure 1 for game
screenshots).

E-module

For the benefit of this study we developed an e-learning module on patient safety, cov-
ering the topics from the video lectures (communication, focus under stress, teamwork,
etc.) and stress management. The information on patient safety was offered as struc-
tured, written text, with limited interaction. Breathing exercises were also provided in
text. No replacement for the health care missions was provided, as interactively treating
patients was not possible in this format. We estimated that students needed 1-2 hours
to study the e-module (Figure 2 shows screenshots).

Table 1 provides an overview of the two experimental conditions and learning goals.

Assessment instruments and questionnaires

Knowledge test

The knowledge test consisted of 126 multiple choice (MC) questions; 100 true/ false
questions, 24 three, four- or five-option MC questions and 2 matching questions (max
70 points). The knowledge test was designed by patient-safety and education experts at
UMC Utrecht and was derived from the video lectures (Test is available upon request).
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Self-management ErasmushC
Pl

What are important components of a safe Pre-Briefing?

a. Introduce yourself

b. Communicate with eye-contact

d. Give a description of the tasks fo perform

&. Ask questions to check understanding

()

atient Safety

Introduction
When you breath quickly. there is tension in your body. You wil not
only feel this tension in your muscles , but it aiso ks quie tiring, botn
physically and mentally because by rapidly breathing you use iarge
amounts of energy. Offen a fast breathing habit wil develop unnoticed.
along with the hectic of modern Iife- Yet fts good to reguiarly turn your
back on this hectic worid and focus on a siower pace

Breathing Pattern
Inertia sometimes pays off. It s healhy 1o reguiarly clear your head
and pay attention (o siower breathing. It can quite easily be leamed
with simple exercises. A quiet breathing and peace of mind go hand in
hand: breath caimly and your mind comes 10 rest

Per minute people breath, depending on the circumstances, between 4
and 60 times. A breathing runs from the beginning of your inhalation to
the end of your exhalation, Just before (e start of a new inhaiation.
The number of times you breathe per minute will depend on your
physical effort, but aiso your state of mind

If you are sitting relaxed on a chal, you normally breath about & times.
per minute You're no brealhing deeply and without even thinking.
With physical exertion you breath deeper and faster

During walking you usually breath 10_ 16 imes. per minute; when you
g0 running 40-60 tmes_per minute. Also when youre thinking hard
your breathing will become quicker. even If you fe sitting on a chair
Thinking or worrying can make you breathe five times faster with the
same physical condition.

1 your mind s flooded with thoughts and you do not know what It's like
to have an 'empty’ head, you get used to this.

In the long run you fo longer realize that youre permanently thinking
and breafhing festessly. because this condition has become nomal
You usually wil not even realize your thoughis are affecti
breathing. So the resull can be ihat youre breathing continuously 20
times per minute, siting on a chair. Many people do thal

Importance of proper breathing
In all complex processes orygen piays a vital fole; such as metabolism,
thinking, walking, but also the functioning of your Iiver and thyroid. A
good breathing affects your whole body.

By doing the exercises you willfind out whether you are breathing
faster than necessary. If you experience 2 positive effect of good
breathing, your breaihing could be improved. If you dont notice any
difference now, the exercises may be useful for stressful situations.
They are simpie but eflective.

Exercises
Do the following exercise sitting on a chair with both feet on the grand.
Repeat eight times.

1 Breathe in, not too deep.

2 Extend your exhalation

If the exercise is difficult and you have the idea tha you dont get
€nough oxygen, have less air escape in the beginning of your

Figure 2: Three Screenshots of the e-module

Self-efficacy test

exhalation. You can do this by forming your mouth as if you blow up a
baiioon.

Existing self-efficacy tests are not sufficiently dedicated to patient-safety. To assess

self-efficacy regarding patient-safety, we designed a 12-item validated questionnaire on

Learning goals

Serious game

E-module Assessment instrument

Knowledge on patient
safety issues

Stress management

- Stimulate patient safety
awareness

- Learn to perform
effective teamwork &
communication

Video lectures

Biofeedback exercises

Patient missions:
diagnosing and
treating patients,
while communicating
and collaborating
optimally with nurses,
supervisors and the
patient’s family

Written text on the
same content

Knowledge test

- Self-efficacy/stress management
- (Self-reported) stress
management during clinical
rotation

Written text on
biofeedback
exercises

- - Self-efficacy/communication
- (Self-reported) patient safety
behavior during clinical rotation:
awareness of adverse events and
actions undertaken

Table 1: Overview of how two intervention programs cover the learning goals
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ability in communication issues (e.g. hand over patient information, perform debrief-
ing) and on recognizing patient safety threats (e.g. recognition of sleep deprivation).
Students rated their self-efficacy on a 1-100 scale (1= | cannot do this, 100= 1 can do
this perfectly, see Appendix 1). Turner et al. have provided validity support for this ap-
proach®,

Questionnaire on perceived stress and patient safety awareness

In the absence of valid patient safety competencies assessment tools*, we designed a
questionnaire aimed at perceived stress and awareness of patient safety issues during
the 10-week clinical rotation. For perceived stress, the Perceived Stress Scale, a widely
used validated psychological instrument for assessing the degree to which situations in
one’s life are appraised as stressful was used as a basis?’. We used three questions which
were relevant in our context: how often students felt stressed, whether they felt they
were able to cope with their tasks, and whether they felt to be in control. In addition,
three questions on patient-safety awareness were included: whether students had expe-
rienced any adverse events, what their own action in response to this event was and to
provide an example of events and actions. All 6 questions related to the preceding week
and were filled out on a weekly basis. Scales were rated from 1 (never) to 5 (very often).
High scores indicated high levels of stress or adverse events, questions stated negatively
were reversed before analysis (see Appendix 2 for the weekly questionnaire). Examples
were reported separately.

Evaluation questionnaire and interviews
Several questionnaires exist to evaluate (new) online instructional formats. For evalua-
tion of the e-module and game, we used a combination of questionnaires on usefulness,

ease-of-use, satisfaction, attitude, motivation®*?*

and engagement®. This resulted in a
23 item-questionnaire, with items scored between 1 (strongly disagree) to 5 (strongly
agree, indicating positive opinions). Negatively stated questions were reversed before
analysis. The questionnaire ended with an open question on positive and negative as-
pects of the game/e-module (see Appendix 3). In order to explore the strong and weak
aspects of the game further, short semi-structured interviews have been conducted with
seven game-players, starting with an open question on the value of the game and then
going through the three parts. Important additional information from the interviews

and open questions was summarized.

Statistical analysis

We assessed associations between categorical variables using chi-squared tests. ANOVA,
post-hoc and independent sample t-tests were used to compare groups on continuous
variables; paired t-tests were used to analyze differences within groups. Unless the dis-
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tribution of scores is severely skewed, data from rating scales can be analyzed as if they
were interval without introducing bias®'. Effect sizes (ES) were calculated using Glass’s
delta®’; ES > 0.80 were considered large®. Associations were calculated using Pearson'’s
coefficient; we report coefficients > 0.50. Confidence intervals of 95% were used to cor-
rect multiple correlations and for general analyses. A factor-analysis was performed on
the self-efficacy and evaluation questionnaire, determining important constructs. The
reliability of scales was assessed using Cronbach’s alpha. We treated missing data with
pairwise deletion and used SPSS for the statistical analysis.

Ethical issues

The study was approved by the Ethical Review Board of the Netherlands Association for
Medical Education (NVMO, no 209). All participants signed an informed consent form.

RESULTS

Participants

Of 52 eligible students 39 consented to participate and were admitted to the control-
group (75%). Of 156 eligible students, 90 consented to participate in the e-module/
game-group (58%), they were randomly allocated to either the game or e-module-group.
Students with empty or incomplete surveys (less than 2 questionnaires, usually because
they reportedly could not find time to do the game or e-module) were eliminated from
the study, leaving 37 students in the control-group (54% female), 34 in the e-module
(68% female) and 32 in the game-group (78% female). In total 103, students partici-
pated, with no significant differences in gender between groups (x* (1)=4.49, p>0.11).

Knowledge test

The reliability of the knowledge test was low: 0=0.50. Test scores of the e-module-group
(M=35.5, SD=4.1) and game-group (M=36.8, SD=4.1) were significantly higher than in
the control-group (M= 32.3,SD=5.5, F(2,90)= 7.7, p=0.001), with medium to large effect
sizes (ES=0.6 and ES=0.8 for the e-module and game-group resp.) There were no differ-
ences in scores between the game and e-module-group.

Self-efficacy

The reliability of the 12-item self-efficacy scale (1-100) was good: a=0.79. Factor-analysis
showed that two constructs could be identified within the scale: self-efficacy on com-
munication in patient safety issues (e.g. ‘perform a debriefing, 6 items, a=0.81) and
self-efficacy on recognition of patient safety threats (e.g. ‘recognize sleep deprivation; 6
items, a=0.79). Mean scores were low (12-item-scale, M=67.1, SD=9.2) and did not differ
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between groups on either scale. All students showed higher scores on the communica-
tion subscale (M=68.8, SD=10.8) than on the recognition of threats subscale (M=65.4,
SD=12.7), 1(99)=2.30, p<0.05).

Reported stress and patient safety awareness

The reliability of the 3-item, 10-week reported stress scale (1-5) was high: 0.92. The
reliability of the 2-item, 10-week reported patient safety behavior scale (1-5) was good:
0.78. Average reported stress in the game-group was lower than in the e-module-group,
but overall there were no significant differences between the three groups on stress or
patient safety behavior and scores were low (Table 2).

Control-group E-module group  Game group P* (2-tailed)
Mean (SD) Mean (SD) Mean (SD)
Reported stress 2.2(0.5) 2.4(0.4) 2.1(0.4) 0.2
Reported patient safety behavior 1.7 (0.5) 1.6 (0.4) 1.6 (0.6) 0.7

5 point scale, 5=high level, 95% Confidence Interval. * Over 3 groups
Table 2: Reported stress and patient safety behavior during a 10-week rotation per group (n=68)

Table 3 presents an overview of examples of adverse events students reported during
their rotation and their action(s) undertaken in response. On average, students reported
1.3 adverse events per person.The e-module-group reported fewer incidents (19%) than
the control or game-group (+40%). Medication and diagnosis related adverse events
were most often reported. Students took action in half of the reported events.

Learning time and game data

Self-reported average learning time for the game-group was 2.9 hours (SD=1.1h) and for
the e-module-group 0.9 hours (SD=1.0h, p<0.001). There was no association between
learning time and outcome measures.

Due to the fact that the game did not yet have an “auto-save”-function, we only had
log-data from 18 students. For this group, average game-time was 3.3 hours (SD=1.6h).
Logged game-time correlated with self-reported learning time (r=0.77, p=0.001). Stu-
dents spent the majority of the game-time doing missions (M=2 h, SD=0.4), followed
by breathing exercises (M=0.7 h, SD=0.3) and video-lectures (M=0.7 h, SD=0.4). There
was some association between knowledge scores and game-time (r=0.69, p=0.02), in
particular with video-lecture points (r=0.84, p<0.001). Game-time was also associated
with patient-care mission points (r=0.87, p<0.001), indicating a learning effect within
the game. Game-time and patient-care points correlated with self-efficacy (r=0.51/0.50,
p=0.04) and negatively with reported stress during rotation (game-time: r=-0.65, p=0.02;
patient care points: r=-0.78, p=0.002). This indicates students who had successfully
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Type of adverse events reported by students
(n=86)

Action(s) undertaken as reported by the students
(n=38)

n n

Control group 36 (41%) Control group 15 (39%)

E-module group 16 (19%) E-module group 11 (29%)

Game group 34 (40%) Game group 12 (32%)

Total 86 Total 38

Examples per category

Medication & Fluid (n = 30) Medication & Fluid (n=11)

¢ Incorrect dose of medication (too high/low) ¢ Pointing out a drug interaction to the resident
¢ Too much fluid resuscitation in case of cardiac ¢ Corrected the amount of fluids given during an

compromised patients

e Withdrawal of drugs due to unclear drugs
prescription system

¢ Prescription of wrong medication

e Ignoring drug interaction

operation (to prevent acute heart failure)

Diagnosis & diagnostics (n=24) Diagnosis & diagnostics (n=9)

¢ No precautions in case of contrast allergy ¢ Telling the resident he had to order the lab for
e Labinvestigations (e.g. blood sample) for wrong today instead of requesting it for one day later,
patient because there was an emergent indication

¢ Too late request for lab investigations

Communication (n=5) Communication (n=5)
¢ Changes of therapy not communicated to the ¢ Not clear whether action was undertaken
nurse
¢ No clear handover of therapy changes due to
use of verbal instead of written communication
resulting in inadvertent closure of a nephrostomy
catheter.

Remaining events (n = 26) Remaining events (n =13)
¢ Lack of adherence to hygiene measures ¢ Speak up to the resident internal medicine about
¢ Already reported mistakes by the official not washing hands after patient contact and
procedure (MIP), unclear what exact adverse touching feces
event was *  Making report about the incidence (MIP)

Table 3: Overview of adverse events reported by students during rotation and related actions undertaken
(n=68)

treated virtual patients and played longer were more self-confident in patient safety
issues and experienced less stress. There was no association between biofeedback or
video-lecture points and reported stress, indicating an independent effect of the patient
missions.

Evaluation of the game and the e-module

Factor-analysis showed that three constructs could be identified within the 23-item
evaluation scale: the format is educational to learn on patient safety (e.g. ‘the game/e-
module helps me to be more effective at patient safety;, 9 items), the format is engaging
(e.g.‘when playing the game/doing e-module, | felt actively involved; 9 items) and the
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format is easy-to-use ('l quickly became skillful with the game/e-module) 4 items). Reli-
ability of scales was high to good (0=0.93/0.92/0.74 respectively).

The serious game was evaluated as more engaging than the e-module, with very large
effect sizes; the e-module was evaluated as more easy to use, with a medium effect size
(Figure 3). Although the game was evaluated as slightly more educational than the e-
module, the difference was not statistically significant.

Most students responded to the request to name a few positive and/or negative aspects
of the e-module or game. In summary, the game was perceived as ‘fun to do;, with inter-
esting topics; in particular the patient-missions were appreciated for training in decision
making, offering challenge, creating awareness, and learning to deal with stress (“time
flies”, “the missions generate stress so you become more aware of what is coming”).

The video-lectures were evaluated as interesting, but it took too long before the player
could go to the fun part (the missions), and after a while they became boring (“hard to
keep concentration”, “not interactive”). The breathing exercises were evaluated as useful
but less realistic, they often took too long and did not always work well (“exercises do
not match reality”). The e-module was evaluated as dealing with important topics and

"u

educational, but boring and with too little interaction (“too much text on one page”,“not

”ou

interactive’, “no examples”).

5.0
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Figure 3: Evaluation of the e-module and game on three dimensions (ES=Effect Size)
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The interviews confirmed that the missions were the most motivating part: educational
and realistic, with an attractive storyline. One particularly well-appreciated part of the
game was the ‘red flag game”: an interactive exercise with clinical situations depicting
‘red flags’ in communication and team performance that should be recognized as spe-
cific threats to patient safety (with a score and feedback). Several students mentioned
that this is a good format and they would remember the messages. The scoring-system
in general motivated some students to keep going in the game.

DISCUSSION

We allocated fourth-year medical students randomly to educational patient-safety con-
tent either in the form of a serious game or an e-learning module. Compared to students
in a control-group who had received no instruction, patient-safety knowledge improved
both after studying with the game and the text-based e-module, with large (game) to
medium (e-module) effect sizes. Students who spent more time on the video-lectures
in the game demonstrated more patient-safety knowledge. Our first hypothesis that
patient-safety knowledge would equally improve using video-lectures (in the game) or
text-based lectures (in the e-module), compared to no extra education in the control
group was thus confirmed. Video-lectures from experts can be inspiring, but text is
more flexible to read and can be adjusted to the readers’interests. This is consistent with
results from media-research indicating that information can be presented in a variety of
media formats with equal learning outcomes, but at very different costs and access™*.

The game-group spent considerably more time learning: three hours versus one hour in
the e-module-group. During the rotation, students from all three groups reported low
levels of stress and patient-safety awareness, with no differences between groups. Our
second hypothesis that perceived stress levels during rotation would be lower in the
game-group (due to the biofeedback) than in the other groups had thus to be rejected.
An important possible explanation is the low level of experienced stress by all students,
who are at a very early career stage and have not yet experienced the burden of clinical
responsibility. Students sometimes reported stress during rotations, but this appeared
to be more related to how they felt they must present themselves to medical staff®*. It
would be interesting to perform a follow-up study in first-year residents who experience
higher levels of responsibility and possibly work-related stress. A comparison could be
made between the biofeedback exercises in the game and an audio-based mindfulness
training which has shown to be effective in reducing stress levels in medical students™®.
Interestingly, students who had treated patients successfully during game-missions,
reported higher levels of self-efficacy and experienced less stress during their rotations.
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However, since the game group as a whole did not show better self-efficacy or less
stress, this may be a result of more motivated students playing longer and being more
self-confident, unrelated to the intervention.

Our third hypothesis, that self-efficacy and patient-safety awareness would be higher
in the game-group than in the e-module or control-group, had to be rejected. Both
self-efficacy and self-reported awareness on patient-safety was low and did not differ
between groups. The low self-efficacy levels of students before their first rotation can
be explained by the absence of clinical experience; it is hard for students to estimate
how they will be able to deal with stress and communication. Developing patient-safety
awareness and changing behavior are complex processes. Although students from the
game-group spent most of their game-time treating virtual patients and doing exercises
on communication and teamwork, it is a large step from this experience to behavior in
actual clinical practice. A systematic review on patient-safety education showed only a

73° More knowledge

few reports of positive outcomes on higher-level skills and attitudes
on effective design to develop awareness and assertive behavior is needed. Probably a

blended learning model, including team scenario training, would be beneficial.

The reports on adverse events and actions by our students underline the need to do so:
during their first 10-week-rotation, each student reported on average almost 1,5 adverse
events; only half of these students undertook action. The game-group reported some-
what more adverse events than the e-module-group, as expected, but not more than
the control-group. This may be explained by the fact that patient-safety education in our
institution changed somewhat. During data-collection for the control-group, the focus
was more on the human-factors approach. During data-collection for the intervention-
groups, education was less recognizable as separately oriented on patient-safety and
more on effective and open communication in general. This may have caused a greater
awareness of adverse events among control-group students.

The observation that one group of students does not profit from the patient-missions
does not mean that the game is not effective for other groups, for example residents.
In an earlier study on the effectiveness of a case-based simulation game in emergency
care we found that although the game was effective for residents, it was too difficult for
students and only residents showed improved skills*.

Our fourth hypothesis that students in the game-group would be more motivated to
learn was confirmed. Students evaluated the serious game as considerably more engag-
ing than the e-module. The e-module was evaluated as more easy-to-use. Particularly
the patient-missions in the game, with their realistic scenarios and challenging tasks, and
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exercises with clinical patient-safety situations, were experienced as very engaging. This
observation is in line with other research reporting that a majority of medical students,
including many who do not regularly play video games, hold favorable views on its use
in medical education to experience different clinical situations*'. The importance of the
notion of motivation for (medical) education has recently been recognized; several stud-
ies have shown that motivation influences learning and cognitive performance®.

To the best of our knowledge, this is the first study on the comparative effectiveness of
two modern digital formats on patient-safety learning outcomes and motivation.

Yet, our study has several limitations. This study was done with 4™-year medical students.
Results cannot be generalized to other groups such as residents. As we used a histori-
cal comparison for the control-group, we did not have control over historic changes in
education. Patient-safety education in the medical curriculum is in constant flux. As ex-
plained above, we would expect the control-group to be more sensitive to recognizing
adverse events during their rotation than the intervention groups, implying this higher
‘baseline’ may have decreased the difference in patient-safety skills compared with the
intervention groups. Results might have differed if the control-group was included in
the second phase of the study.

The research study was conducted with students who have limited clinical responsi-
bilities during their rotations. Non-technical skills such as recognizing and dealing with
stress, communicating well during difficult circumstances are central learning goals of
the game and were designed with the ‘overwhelmed’ young resident in mind. These
issues are less relevant to medical students making their first entry into the clinic. None-
theless we decided to first compare the effects of the game with another format in medi-
cal students, because it is hard to motivate busy residents to spend extra study time on
different educational formats and tests without evidence for effectiveness. Moreover,
the results of this study may serve as a baseline for future studies with residents.

Practical implications

The study results yield a number of practical implications for patient-safety educa-
tion. First, patient-safety knowledge can be developed at low costs for large groups of
trainees, using a combination of (interactive) video and text-based lectures. In addition,
challenging interactive cases on patient-safety issues, offer an engaging and low-cost
format for patient-safety education. Thirdly, although serious games are engaging for
students and stimulate them to study longer on patient safety issues, more research is
needed on how games can stimulate patient safety awareness and behavior.
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Conclusion

This study showed that video-lectures from a game and text-based lectures from an
e-module are equally effective in developing knowledge on patient-safety topics. Bio-
feedback exercises may be adequate with learners who perceive higher stress-levels,
but future studies should define their optimal format. Although serious games, in which
students can actively practice their clinical and communication skills in simulated
scenarios, are strongly engaging and stimulate them to study longer, more research is
needed into the effects of game-design features on learning outcomes. Online learning
is still a young field, with the potential to provide flexible, motivating and scalable learn-
ing opportunities for patient safety education.
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APPENDIX 1. QUESTIONNAIRE ON SELF-EFFICACY (12 ITEMS)

Please indicate how you assess your ability to ...

1 Perform a debriefing within a team, e.g. before an operation 1-100
2 Hand over patient information 1-100
3 Recognize signals of threats to patient safety during teamwork 1-100
4 Conduct a debriefing after a team task 1-100
5 Raise issues of threat to safety of a patient among the medical staff 1-100
6 Physically reduce high levels of stress in yourself 1-100
7 Recognize signs of depression in yourself 1-100
8 Recognize signs of depression in colleagues 1-100
9 Recognize signs of sleep deprivation in yourself 1-100
10 Recognize signs of sleep deprivation in colleagues 1-100
11 Focus on one important task when dealing with multiple things at a time 1-100
12 Approach a senior staff member personally for his or her negligence 1-100

Item 1-6: self-efficacy on communication; item 7-12: self-efficacy on recognition of patient safety threats
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APPENDIX 2. QUESTIONNAIRE ON PERCEIVED STRESS AND PATIENT SAFETY
BEHAVIOUR

Perceived Stress Scale questionnaire

1 = Never 2 = Almost Never 3 = Sometimes 4 = Fairly Often 5 = Very Often

1. During the last week, how often have you felt nervous and “stressed” in your
clerkship?

2. During the last week, how often have you found that you could not cope with all the
things that you had to do during clerkship?

3. During the last week, have you felt you were in control during your clerkship?

Patient Safety behaviour

The next three questions are related to 'adverse events'. An ‘adverse event’ is a (possibly)
negative outcome resulting from a medical intervention, which is not due to the underlying
condition of the patient. Examples are violations of rules, near misses and mistakes.

1 = Never 2 = Almost Never 3 = Sometimes 4 = Fairly Often 5 = Very Often

4. Have you seen/experienced any adverse events during the last week?
5. Have you taken any action in response to this event/ these events?
6. (if question 5 was answered affirmatively): Can you give an example of such action?
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APPENDIX 3. EVALUATION QUESTIONNAIRE ON GAME AND E-MODULE

3
2 3
oo
-} ©
=8| = >
lw|E|g|®

Original Q* | Educational (to learn on Patient Safety, 9 items) s |8 5 ;SD S
Khla|lz|lg|&

Usel The game/e-module helps me to be more effective at patient safety

Use 2 The game/e-module is useful for patient safety education

Use 3 The game/e-module gives me control on patient safety activities during my

clerkship

Use 4 The game/e-module meets my needs

Engage 4 The content of the game/e-module is educational

Satis 1 | am satisfied with the game/e-module

Satis 2 | would recommend the game/e-module to a fellow students

Attitude 1 It is a good idea to use the game/e-module for my study

Moti 4 | try to learn more about patient safety to be a better doctor in the future

Engaging (9 items)

Engage 1 When playing/doing the game/e-module, my attention was entirely on the game
Engage 2 When playing/doing the game/e-module, | felt actively involved

Engage 3 | could concentrate fully throughout the game/ e-module

Satis 3 The game/e-module is fun to use

Satis 4 The game/e-module is pleasant to use

Attitude 2 | like the idea of using a game/e-module to learn about patient safety topics

Attitude 3 Overall, | enjoyed using the game/e-module

Attitude 4 | would have liked to continue playing the game/e-module

Moti 2 | like what we are learning in this game/e-module

Ease of use (4 items)

Ease 1 The game/e-module is easy to use

Ease 2 Learning to operate the game/e-module initially is full of problems
Ease 3 | easily remember how to use the game/e-module

Ease 4 | quickly became skilful with the game/e-module

What do you feel as the most positive aspect(s) of the game/ e-module?
What do you feel as the most negative aspect(s) of the game/ e-module?

*Codes in left column indicate the questionnaire from which the item is originating (questionnaire on
usefulness, satisfaction, ease of use, engagement, attitude towards using or motivation
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ABSTRACT

Background

Serious or applied games are digital games with the purpose to improve individual’s
knowledge, skills, or attitudes in the “real” world. Serious games applied to medical or
health-related purposes are growing rapidly in numbers and in types of applications.
Serious games have been shown to be at least as effective as conventional tests in
improving cognitive abilities in the elderly' and even more effective than conventional
neuropsychological interventions when it comes to improving neuropsychological
abilities of alcoholic patients®. Serious game-based interventions have been used to
support rehabilitation in disabled patients, showing equal effectiveness compared to
conventional training programs®. Games have been applied to promote healthy behav-
jor in children* and educate patients®®. Serious game-based patient education has also
been shown to increase the treatment adherence among adolescents with leukemia’. A
third application for serious games is training medical personnel®. Serious games have
been shown to add to Advanced Life Support training’ and improve understanding of
geriatrics principles among medical students compared to conventional training meth-
0ds'®. Patients'’, students, and professionals'? generally view game-based interventions
as fun and challenging.

Although results for serious games in terms of effectiveness for such purposes are prom-
ising, their implementation as “serious” modalities for prevention, treatment, or training
in health care is hindered by lack of understanding of the underlying concepts among
health care professionals, or even distrust. Before doctors and patients consider using
serious games as a useful solution for a health care-related problem, it is important that
they understand what problem is being addressed by the game and that a proposed claim
on effectiveness is indeed trustworthy. Many clinicians are currently undereducated in
judging a serious game’s safety or effectiveness. Information on individual games is often
hard to find in disorganized app stores and websites'’. Studies on serious games’ validity
and effectiveness remain scarce®'*. The idea of applying a video game in health care may
even be resentful to certain clinicians or patients. In addition, threats to data safety fuel
distrust towards electronic applications in health care altogether™. Such issues menace
the practical application of serious games throughout health care, subsequently limiting
investments in smart solutions that may actually prove beneficial in the end.

This article discusses the first tool for the systematic assessment of serious games applied
to medical use, for educators and clinicians. The information collected and organized
accordingly, will aid health care practitioners to understand and appraise the risks and
benefits of specific serious games in health care in a uniform manner.
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ASSESSMENT FRAMEWORK

To our knowledge, there is currently no systematic framework for the assessment of
serious games in health care described in literature. Therefore, the Dutch Society for
Simulation in Healthcare (DSSH)'® has developed a consensus-based framework,
categorizing important items that assess a serious game’s safety and validity. Eight
individuals (see Acknowledgements section for details) from six different institutions
experienced in designing, applying, or researching serious games for health care-related
purposes participated. The reporting standards for non-game mobile health apps for
medical purposes (mHealth), published by Lewis'” and Albrecht'®, was used as a basis.
This system is applied by the peer-reviewed mHealth app assessment initiative of the
Journal of Medical Internet Research'®. Due to inherent differences in the functionality of
games compared to purely informational mHealth applications, this framework required
re-evaluation.

The panel reviewed the items from these reporting standards during two meetings.
All items in the Albrecht framework'® were systematically evaluated. For each of the 5
categories, items irrelevant to serious games were removed and if necessary, extra items
were added. During the second panel meeting, the framework was re-evaluated and all
members approved the final version.

The framework described provides 62 items in 5 main themes (Table 1), aimed at assess-
ing a serious game’s rationale, functionality, validity, and data safety. It specifically does
not aim to assess its effectiveness in terms of success or user attractiveness. The panel
defined serious games (other than a regular medical application) as digital applications
instigating a specific behavioral change to its user, in the form of skills, knowledge, or
attitudes useful to reality®®. The framework does therefore not apply to (mobile or Web-
based) digital health apps with a purely informational purpose, for which the mHealth
app assessment framework is designed'®,

ASSESSING MEDICAL SERIOUS GAMES

Game Description

When evaluating a specific serious game, it should be thoroughly described and reg-
istered (including information about the manufacturer or owner to whom the game
should be attributed and the version). Equally to mobile applications, a special interest
is taken into the owner’s policy concerning revenues from sponsoring and advertise-
ments, both during development as well as its use. Sources of revenue and affiliations
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Category Iltem Question
Game Meta-data Operating system Operating systems of the game
description
Version Version
Web-link Web-link
Project type Commercial, non-commercial, other
Access Public / restricted / other
Adjunct devices Is an adjunct device needed?
Development Funding How was development funded? Eg, funding
agencies, investors
Sponsoring / Advertisement policy Is the game free of commercial pop-ups?
Advertising If not, what is advertised?
Sources of income Are there sources of income within the
game?
Sources of income What are the sources of income of the
outside game owner/distributor?
Potential conflicts of Affiliations What affiliations do the publishers have that
interest could influence content or user group?
Conflicts of interest What interests do the publishers have that
could influence the game’s content or user
group?
Disclosure Are conflicts of interest disclosed?
Rationale Purpose Goal or purpose What is (are) the purpose(s) of the game?

Medical device

User group

Setting

Disclosure
Medical device
Class

Approval by legal
bodies

Specific user groups
Description

Limits

Disclosure

Patient care

Training courses

SCORM compliancy

Is (are) the purpose(s) disclosed to users?
Is the serious game a medical device, or not?
If yes, which class?

If yes, does it comply to the necessary
requirements (FDA-ap- proval, CE-mark?).

For each user group: disease/condition, or
health care profession.

Please specify gender, age (range), and other
relevant descriptive items.

Are there age limits, or other limits?
Is the intended user group disclosed?
Is the game used in patient care?

Is the game used in training courses or
-curricula?

If used in training courses or curricula, is the
serious game SCORM-compliant

Functionality Purposes / didactic

features

For every purpose of
the game:

Learning or behavioral
goals

Relation learning and
gameplay

What content will the player learn?

How does the learning content relate to the
gameplay?
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Category

Item

Question

Content Management

Potentially undesirable
effects

Instruction

Assessment (progress)
in game

Assessment parameters

Content Management
system

User uploaded content

Content monitoring

Restrictions and limits
of the serious game

Potentially undesirable
effects

Disclosure

Measures taken

What intervention leads to the learning
transition (eg, tutorial, in- structions (in-
game))

Through which parameters is progress in the
game measured?

Which parameters are to designers’ opinion
indicative for measuring learning effects?

Is the Content Management System
restricted to specified persons or institutions?

If no, are users allowed to upload their own
content?

How is uploaded content checked?

Please describe restrictions and limits of the
serious game. What content on the learning
goals is not covered?

What potential undesirable effects could the
game have?

Are such potential undesirable effects
disclosed to the user?

What measures are taken to prevent
potential undesirable effects?

Validity

Design process

User testing

Stability

Validity (effectiveness)

Medical expert
complicity

User group complicity
Educationalist
complicity

User testing

Platform stability

Face validity

Content validity

Construct validity

Concurrent validity

Predictive validity

Were medical experts (content experts)
involved in the design process from the start?

Were representatives from the user group
involved in the design process from the start?

Were educationalists involved in the design
process from the start?

Did user testing take place? What were the
results, and how were these incorporated in
the design?

Does the game produce the same results on
different platforms?

Do educators and trainees view it as a valid
way of instruction?

How is its content validated to be complete,
correct, and nothing but the intended
medical construct?

Is the game able to measure differences in
skills it intends to measure?

How does learning outcome compare to
other methods assessing the same medical
construct?

Does playing the game predict skills
improvement in real life?
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Category Iltem Question

Data Data protection and Data processing How is data collected in the serious game?
protection privacy

Patient privacy Are patient-specific data stored in the game?
If yes, are patient informed consent
criteria met according to relevant national

standards?

Data ownership Who owns and stores the data resulting from
play?

Data storage period During what period are data stored?

Data removal Can the user delete data temporarily and/or
permanently?

Data storage security Is the data storage secured in conformity
with laws of the countries stated above?

Data transmission Is the data transmission secured in

security conformity with laws of the countries stated
above?

Disclosure Are all items on “data protection” disclosed

to the user?

Table 1. Items relevant for the assessment of a serious game used for health care-related purposes.

(eg, pharmaceutical industry) may bias or threaten a serious game’s validity for obvious
reasons. These should be fully disclosed to the game’s users. Sources of income within a
game can be equally relevant to the costs required for the initial purchase.

Rationale

This clarifies the game’s purpose outside the game. This external purpose (eg, improving
eye-hand coordination in laparoscopic surgery) may differ from the actual goal in the
game (eg, completing a quest in an underground world®' or playing a tennis game®.
This clearly differs from the Albrecht framework, because most mHealth apps have a
single obvious purpose (internal goal = external goal). A game’s purpose relates to the
intended user group and the setting in which it is used, similar to mHealth apps.

Additionally, serious games might fall within the scope of the medical devices, requir-
ing specific guidelines to be implemented, set by the US Food & Drug Administration
(FDA), European Committee (Conformité Européenne, CE), or national equivalents. This
specifically applies to games with a distinct diagnostic or therapeutic purpose. More-
over, integration of serious games into electronic learning environments may demand
certain technical requirements. The industry has set standards to improve the interoper-
ability of e-learning content (the Sharable Content Object Reference Model; SCORM)?>.
Its implementation will improve the integration of educative serious games in learning
management software.
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Functionality

Functionality of a serious game clearly differs from that of an mHealth app. These usually
contain “dry” content (e.g., medical information) or an obvious functionality (e.g., com-
municating or registering information), whereas a game requires the user to operate or
interact with the content, with the ultimate goal to change ones behavior in real life (i.e.,
learning). To understanding this process, information is required on the game’s content,
how the instruction is delivered, how performance is assessed and how these aspects

are integrated in the gameplay***.

Consequently, it is important to register information on the game’s content manage-
ment. For instance, users may be able to add content themselves, making content
validation an important issue. This directly influences the game’s content’s validity.

Finally, undesired results or negative transfer of learning could occur in the interaction
with a serious game, which is not the same concept as “gaming the game” (ie, cheating),
an effect that may very well enhance learning®. If validation research is not present, at
least a logical connection between game play and behavioral or learning goals should
be present and disclosed by the developer.

Validity

Validity determines whether an instructional instrument (such as a serious game)
adequately resembles the construct it aims to educate or measure. More formally, “the
degree to which evidence and theory supports the interpretations of [game] scores en-

"2 The American Psychological Association has

tailed by the proposed use of [the game]
set a series of standards to measure validity”®. Whereas many validity types have been
described, validity research in medical education usually contains several consequential
phases??. First, experts should scrutinize the game’s content to determine its legiti-
macy (content validity). Second, experts and novices judge the instrument’s apparent
similarity to the construct it attempts to represent (face validity). Construct validity re-
flects the ability of the instrument to actually measure what it intends to measure (ie, the
difference in performance between groups of users with different levels of experience in
reality). Concurrent validity reflects the correlation between performance on the serious
game and their performance on an instrument believed to measure the same construct
(eg, a simulator or course). The ultimate goal is to prove a game’s predictive validity: does
performance in the game lead to better outcomes in reality? Most validation research
currently published in the medical domain uses these concepts®. For individual cases,
relevance of specific validity types may differ. When considering mHealth apps in gen-
eral, content validity may be the sole source of validity.
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Validity research is frequently a long and costly enterprise. Many newly developed seri-
ous games have therefore not yet undergone validity research®. The framework there-
fore determines a number of steps to pre-assess a serious game’s potential as a valid
instrument, with regard to its design and initial testing phases. This encompasses the
involvement of user groups, content experts, or educationalists in the design (if relevant
to the game’s purpose). Next, if a game has undergone user testing and stability testing,
the game is more likely to have higher face- and content validity.

Data Protection

Threats to user privacy are imminent in electronic and mobile health apps, especially
when patient-specific data are measured or entered in the game'®. This considers data
“at rest” on devices or servers, as well as data “in transit”. It must be clear whether data
is collected by the game, who owns the data and whether users can request to remove
their data. Storage and analysis of personal data should be disclosed to users and must
be in conformity with the laws applied in countries the serious game is distributed in.
Special care must be taken if patient information is collected. These items are in general
conformity with the requirements for mHealth apps described in Albrecht’s framework'®.

DISCUSSION

When using serious games in health care, end users (clinicians, patients, or educators)
must decide whether games are safe and effective enough to be used for their intended
purposes. In order to do so, they need consistent, transparent, and reliable assessments.
Are applied games really stating their claim in this field? In the framework described in
this article, both developers and end users are supported in assessing relevance, validity,
and data safety of an applied game. In order to become a “qualified game”, developers
should disclose comprehensive information on their products and claims. They must
provide transparency to meet the standards. The Journal of Medical Internet Research
and the Dutch Society for Simulation in Healthcare'® have launched an international
peer-reviewing initiative for serious games in health care.

The safe application of technology-enhanced solution remains the responsibility of the
health care provider. Choosing if a serious game answers to the user’s needs, can be
based on information concerning 5 main areas described in this article. The majority
of the items cannot be assessed using objective parameters. For instance, claiming a
specific serious game’s predictive validity should be supported by solid evidence. A
comprehensive evaluation by a panel of experts in the form of a quality label could form
a more practical solution.
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Guidelines have been recently published reporting standards to support clinicians and

718 and medical websites®. These

patients in distinguishing high quality mhealth apps
standards form the basis for the framework described in this article. These standards
have two important shortcomings when it comes to games. First, explicit information
on a serious game’s content and didactic features is required, as the external purpose of
a serious game is frequently less obvious to the user than in the case of mHealth apps.
Second, serious games require additional validation steps (e.g., construct and predictive
validity), compared to non-interactive information platforms. Game play is dynamic and
learning goals in game play are often not disclosed to the user. In fact, the user learns by
playing the game, whereas discovery in itself may be part of the game play. Disclosing
learning goals would thus be counterproductive.

There are several limitations to the framework described in this study. It considers valid-
ity of the serious game’s content and its didactic functionality. Validity does not predict a
game’s success nor its attractiveness to the user, which also depend on its entertainment
capability and distribution method®'. It does not wish to objectify which game is most
fun, but merely which game is most valid. A second consideration is that in the scientific
field of validity research in medicine, validity concepts other than the one used in this
framework have been proposed®. The “classical” validity concepts (content-, face-, con-
struct-, concurrent-, and predictive validity) have been most frequently used in validity
research in medicine and therefore the most logical to encompass in the framework

presented in this article?”?®,

In summary, this consensus-based tool provides the end users the support required
when assessing the effectiveness and relevance of serious games in health care. An FDA-
approval or CE-mark is simply insufficient for this purpose. In order to prevent wrongful
application and data theft of unsuspecting patients or medical students, this informa-
tion on medical serious games should become publically available to all end users. This
will aid the prescription of safe and effective games to patients and the implementation
of games into educational programs.
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Discussion

In health care and medical education, with its exponential growth in knowledge and
increasing demands on the needed competencies of doctors, there is a need for new,
engaging and cost-effective training models'. Blended learning offers the opportunity
to combine the advantages of online learning (flexibility and efficiency?®) and classroom
learning (social interaction and feedback). Different online formats can be combined
with classroom learning. The use of blended learning is increasing quickly and a precipi-
tous growth is predicted®. Some studies show blended learning is more effective than
face-to-face learning®’, while others show no difference®. The first aim of this thesis was
to investigate whether a blended training design is more effective or equally effective
compared to classroom training for the acquisition of knowledge. We also compared
costs of both designs.

Online learning, in a blended course or in a completely online course, can be used to
improve the access, efficiency and effectiveness of education and training'?. One of the
challenges of designing online learning is to engage students during self-study. Serious
games are potentially powerful new educational formats for training complex skills,
while motivating learners through direct experiences’. Since little is yet known on the

810 the second aim of this

effectiveness and critical design features of serious games
thesis was to investigate the effectiveness and critical design features of serious games
for performance, specifically training complex cognitive skills and attitudes, while en-
hancing motivation.

The blended training design we studied was a post-graduate course on emergency care
for nurses. The two serious games that were studied were both originally developed for
medical residents: one on emergency care (abcdeSIM) and one on patient safety (Air

Medic Sky-1).

In this chapter, we will first summarize the main conclusions from the six studies reported
in this thesis with the implications for designing blended learning and serious games.
Subsequently, the strengths and limitations of this thesis and the recommendations for
future research are stated. We will conclude with the key points from this thesis.

CONCLUSIONS

We started with a study comparing the effectiveness of a blended design in postgradu-
ate training for nurses with a conventional classroom training (Q1). The blended course
is composed of one-third online and two-third classroom training. We evaluated train-
ing costs of both designs a well. Participants from the blended and conventional groups
showed equal knowledge test results and were equally satisfied with the training, the
blended group being more self-confident than the conventional group. Training costs
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of the blended design were two-third of the conventional design. We concluded that
blended learning, combining online self-study with classroom training, is equally effec-
tive and attractive as classroom training. In post-graduate training, a blended design can
lead to a significant reduction in costs.

It is essential to use validated assessment instruments to evaluate the efficacy of novel
educational interventions. Therefore, our second study was a validation study on com-
monly used formats in the assessment of cognitive emergency care skills (Q2). Checklists
have poor validity and reliability in assessing complex emergency care skills. In contrast
to the intuitive attractiveness of detailed checklists, more global assessment instru-
ments (such as competency scales or global performance scales) have a better reliability
and validity. The limited number of assessment scenarios and raters, as typically used
in emergency care assessment around the world, results in moderate validity and reli-
ability.

In our third study we investigated the effectiveness of the abcdeSIM game in training
complex emergency care skills (Q3), using the more global assessment instruments.
We investigated whether residents who use a serious game as an additional prepara-
tion for classroom training, show better performance on skills before training than a
control group that only used a course manual for preparation. We found that residents
who used the game spent more time on task (+2.5 hours), felt engaged with the game
and showed better clinical cognitive skills than the control group. Both groups were
equally motivated for the classroom training. After two weeks of training, no differences
between the groups existed. A high-fidelity serious game can be used as an effective
preparation for instructor-led emergency care courses, to train complex cognitive skills
for residents. As this study was inconclusive on the question of which game-features
had been responsible for the learning effects, in the next study we investigated the ef-
fect of fidelity in cases on the acquisition of skills.

Our fourth study consisted of a three-group randomized design on the effects of adding
high-fidelity patient cases (the abcdeSIM game) versus adding low-fidelity (text-based)
cases to an instructional e-module on cognitive emergency skills, motivation and cogni-
tive load of 4™-year medical students (Q4). The control group only studied the e-module,
which includes information on the ABCDE approach and a demonstration video. Learn-
ing time was two hours longer for both the game group and the cases group compared
to the control group, however acquired cognitive skills did not differ between groups.
Students who spent more time on the game showed better skills than students who
spent less time on the game, indicating the game was probably distracting for novices
in the beginning and, if at all, only facilitated learning after longer play. We especially ex-
pect that the physical fidelity (tools and sounds in the game) provided too many details,
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creating cognitive overload. Only after playing longer students got used to the physi-
cal fidelity and were able to profit from the functional fidelity in the game. The game
group experienced higher intrinsic and germane cognitive load and felt more engaged
with the format than the cases group. For initial skills acquisition, an e-module with a
demonstration video is a powerful instructional format. Additional open cases stimulate
students to study longer, but do not result in learning when these tasks are too complex.
Although high-fidelity patient cases in games enhance motivation and cognitive effort,
they also increase complexity, can easily distract novice students and impede learning.

Our next study investigated whether students develop better patient safety knowledge
and awareness and are more motivated after using a highly interactive serious game, in
comparison with a limited interactive e-module on the same topic (Q5). A control group
received no extra instruction. The serious game (Air Medic Sky-1) includes video lectures,
interactive patient cases and biofeedback exercises. The e-module offers text-based in-
formation on the same topics, but with limited interactivity. Average learning time was
three hours for the game group and one hour for the e-module group. Video lectures (in
the game) and text-based lectures were equally effective in developing knowledge on
patient safety topics. The game was evaluated as considerably more engaging than the
e-module. During clinical rotations, students in all three groups reported low and similar
levels of patient-safety awareness and stress. Patient safety knowledge can be gained
through either video-lectures or text-based lectures. Although serious games on patient
safety are strongly engaging for students and stimulate them to study longer, they do
not necessarily result in better patient safety awareness.

The last contribution on serious games described a general framework for systematically
evaluating serious games applied to health care and medical training (Q6). The frame-
work provides a set of standardized criteria to evaluate the rationale behind a serious
game’s (e.g., goals and user groups), its content and didactic functionality (e.g., the
relation between learning, game play and game assessment parameters), effectiveness
(e.g., predictive validity of game outcomes on real-life performance) and data safety
(e.g., data ownership). Using this framework, developers support end users in evaluating
the usability and expected effectiveness of a specific serious game. We expect this will
stimulate a thoughtful and safe implementation of serious games in medical education,
based on its added value in a specific educational situation.

IMPLICATIONS FOR INSTRUCTIONAL DESIGN

In this section the implications for designing blended learning and serious games that
followed from our studies will be discussed, in the context of educational theory and
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existing research. We will start with the question of effectiveness and design of blended
learning (related to the first aim of this thesis), thereafter the effectiveness and design of
serious games will be discussed, specifically for performance and motivation (related to
the second aim of this thesis).

Blended and online learning

Blended learning can be summarized as being at least as effective as classroom learn-
ing*®"""'". The cost reduction we reported is mainly due to savings in indirect training
costs (less absence costs). In blended learning in undergraduate education, classroom
timeis usually not reduced, but dedicated to other learning goals (e.g., more interaction).
Therefore, reduction of training costs primarily exists in post-graduate education, where
part of the training time is replaced with self-study. A risk of shifting class time to self-
study time is making the course more demanding for participants, which may reduce
their motivation'”. This is an important consideration in the design. Simply reducing
class time and adding online material does not result in optimal learning outcomes; an
integrated (re)design of both components is needed”. Although the initial investment
in developing a blended course is considerable, for repeated trainings or large groups
of learners it is usually worth the investment. A variety of combinations of classroom
learning and online learning are possible, depending on the learning goals, context and
learner characteristics.

Different online formats which we used in our studies were effective for gaining knowl-
edge and can be used in a blended design: e-modules containing text, exercises with
feedback and demonstration video’s; video-lectures and clinical cases with questions
and feedback. This is in line with research stating that information can be presented in a
variety of formats with equal outcomes but different costs"*'®', On the one hand, our
study (Q5) showed that video-based or text-based information, without interactivity, is
experienced by students as boring; on the other hand, knowledge test results showed
both formats enhanced learning. Although learner preferences are typically uncorre-
lated or even negatively correlated to learning outcomes'®, feedback is a key didactic
feature in both online and classroom learning, as it enables students to identify their
own strengths and weaknesses in mastering knowledge or skills'>'®. In addition, self-
assessment questions with feedback have been shown to stimulate learning®, hence
the knowledge test results may have been better still if the information was offered
in an interactive way. An e-module including a demonstration video of a complex skill
(providing visualization), also appeared to be very effective and was highly appreciated
by novice students (Q4). This is in agreement with research findings showing that for
initial skill acquisition, studying worked examples is superior to actively solving train-
ing problems or studying abstract principles. Effectiveness of worked examples can be
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attributed to the fact that this imposes less cognitive load on the novice learner and
enables schema construction®'.

The development of a serious game requires considerable resources; for knowledge-
oriented learning goals there is in general little added value of this format. Interactive
text or video lectures can well be used to explain concepts or procedures at lower costs.

A critical element in a blended design is finding a good strategy to secure online prepara-
tion by learners, so that classroom time may benefit from this preparation. One strategy
isimposing a minimal test score as a condition for participating in the classroom session;
another strategy is to have students prepare, individually or as a group, assignments
that are presented in class. Collaborative learning can also be built into a blended de-
sign and can strengthen motivation and self-regulation. Collaborative learning theory
provides a good basis for further research and development in group work and blended
learning®. Finally, workload and support for teachers to develop these new blended
courses has to be considered. This requires embedding the use of technology within a
wider institutional strategy for learning and instruction, providing training and support
by instructional designers?.

Blended learning designs can also be directed to the development of skills, e.g. using a
simulation program or serious game as a preparation for instructor-led skills training. As
we showed, residents’ working on a serious game resulted in improved complex cogni-
tive skills before training (Q3). We expect training time can be reduced, which would
make the blended design more cost-effective. A study in Advanced Life Support train-
ing, comparing the effectiveness of a blended design (one day training supplemented
with online interactive cases) with a two-days course, showed the same skill level for
both delivery formats, with reduced costs in the blended design®. Further research is
needed to confirm our assumption. Training time may also be maintained, dedicating
extra time to enhance the skills level at the end of training or for training other (e.g.
communication) skills.

In conclusion a blended learning design is equally effective as classroom training.
Advantages of blended designs are: adaptability to the learner’s knowledge level and
pace, flexibility of access in time and place and scalability of learning. In post-graduate
education, blended learning can also save training costs. A variety of effective didactic
features can be used, depending on the learning goals: presentation of information
with exercises and feedback, interactive cases, demonstration videos. An important
consideration in the design is the amount of online self-study. Securing online prepara-
tion is a critical success factor in blended learning. Theories of multimedia learning and
collaborative learning are useful as a basis for further research.

147



148

Chapter 8

Serious games and performance

In our validation study on commonly used formats in the assessment of complex cogni-
tive skills — as targeted by the abcdeSIM game - we concluded that more global assess-
ment instruments have a better reliability and validity than detailed checklists. After
preparing training in emergency care skills with an additional serious game, residents
showed improved clinical skills with limited self-study-time, compared to residents
who studied course material only. This game contained patient cases with feedback in
a high-fidelity environment. Game-based learning can be associated with task-centered
models of learning complex skills, such as the cognitive apprenticeship model or the
four-component instructional design model (4C/ID). Research based on these theories
has shown that in order to learn with tasks effectively and facilitating transfer to prac-
tice, a balance should be found in offering worked cases (examples, demonstrations)
and open cases in a variety of problems. Support and guidance of learners is another
important element® . In contrast, medical students did not profit from additional work
on this game, compared to what a similar group learned from an e-module alone. Both
residents and students were motivated to work with the game.

Our combined results from the two studies show that the same game can effectively
improve complex cognitive skills for residents, but not for inexperienced students. These
findings indicate an ‘expertise reversal effect, where open or worked cases interact with
expertise level in effectiveness”. Novices in general profit more from example-based,
tutorial conditions, whereas for more experienced learners in a certain domain, the
superiority of worked cases disappears (and may even inhibit learning) and additional
learning is facilitated by problem solving in a rich learning environment®. Discovery
learning, with little or no guidance, may only be beneficial for more experienced
students; for novices a more guided form of discovery learning is preferable, with in-

230 and games®'.

structional support and modelling, as found in research on simulations
Although we offered students an instructional e-module as a preparation for the seri-
ous game, the cognitive gap between this instruction and the open cases apparently
was too large. Despite the extra learning time and cognitive involvement, skills do not
improve when the learning tasks are too complex. High-fidelity presentation of cases in
games may increase complexity even more, but also enhance motivation and cognitive
effort. Simulation games, in particular the high physical fidelity it contains, can easily
distract novice students, creating cognitive overload and impeding learning. Learning

task fidelity should only gradually increase as learners become more proficient®>.

Students who worked with the game on patient safety did not show better patient
awareness than students who worked on text-based information or a control group (Q5).
Developing patient-safety awareness and team skills is a complex process; it's a large
step from treating virtual patients and doing communication exercises in a game, to
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behavior change regarding adverse events in clinical practice. So far, only a few reports
on successful training of patient safety and team skills exist®; often scenario-based team
training is recommended™. A blended design, offering this type of game in adjunct with
scenario-based team training may be needed.

Serious games and motivation

Motivation is recognized as an important component of learning, which influences
cognitive performance?, although it is often not considered in current approaches
to medical education®**. Our studies showed that two types of motivation should
be distinguished: motivation to learn a task and motivation to work with a particular
instructional format. Residents who used the game felt engaged with the format, but
were just as motivated for the emergency care training (the task) as residents who did
not use the game. Obviously, both groups of residents were highly motivated to develop
their skills, as the training was just prior to their 6 months-internship in an Emergency
Department. Medical students working on this game felt more engaged and invested
more mental effort than students who worked on the same cases in a text-based format;
however both groups spent the same amount of learning time - hence they seemed
to be equally motivated for the task. The game on patient safety was also evaluated
as considerably more engaging than the e-module, especially the patient cases. Which
game features enhance motivation for trainees?

A huge number of studies on serious games discuss the proposed features that engage
learners, but relatively few studies describe empirical research. As a result there is little
consensus on the main elements which influence motivation and learning®*"**'. Fea-
tures that are mentioned as relevant for engaging learners in games are: contextual in-
formation (a story or theme, rules, goals), challenges, feedback and instructions, control
and interaction (with a program or peers)******, Learner processes which are associated
with motivation include enjoyment, depth of involvement, engagement and task persis-
tence; often described as ‘flow’: the state in which learners are so involved in an activity
that nothing else seems to matter*. Flow derives from activities that are optimally chal-
lenging, in which the goals and feedback are clear, concentration is focused with a high
level of cognitive effort, a high degree of control, and users are absorbed to the extent
that they lose a sense of time and self*’. The challenges a player faces in the game should
be closely matched to his or her skill level in order to facilitate the flow experience’*.
This can be associated with Vygotsky's zone of proximal development, indicating that if
the challenge is significantly lower than the learner would be able to handle (given his or
her skill level), the learner might feel bored, while with too much challenge the learner
might feel anxiety®. The ‘flow channel’ can be extended by providing some guidance or
help from others. In order to keep learners in a flow state, challenges should increase
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with the progress of learners’ skill level’. In contrast with views that game-based learn-
ing is to be considered as playful learning with low mental effort*, our findings are in
line with the theory of flow and cognitive load that games can stimulate both cognitive
effort and engagement. Research findings on simulations point in the same direction.
High-fidelity simulations stimulate motivation, learning and transfer because of their
similarity with the performance environment (the ‘yang’); the increased cognitive load
however may reduce initial learning for novice learners (the ‘yin’)”. Challenging tasks
and fidelity in games and simulations are motivating for learners, but too many moti-
vational and cognitive stimuli may impede learning®. In order to maintain the benefits
of high-fidelity, scaffolding and guidance can be used®. A study in which students were
allowed to progress in simulated tasks of increasing fidelity led to superior transfer in a

broad range of skills*°.

Self-determination theory provides an additionally relevant perspective for understand-
ing motivation and learning. This theory posits that individuals’ natural motivation to
learn is driven by fulfilling three innate psychological needs: a sense of autonomy, a
sense of relatedness and a sense of competence®'. Self-determination theory identi-
fies intrinsic motivation (doing something because it is inherently interesting) and
integrated external motivation (doing something because it is relevant or leads to a
desirable outcome)®'. Intrinsic motivation results in high-quality learning and creativ-
ity, but integrated external motivation also comes with greater persistence and higher
engagement’"*?, Choice and the opportunity for self-direction appear to enhance intrin-
sic motivation, as they afford a greater sense of autonomy®'. In the perspective of this
theory, opportunities for self-directed learning in games create intrinsic motivation, in
combination with interest in the game’s subject. Game-based research also indicates
learner control (as opposed to program control) has a positive effect on user’s motiva-
tion”. When residents are aware that they will need certain skills in clinical practice or
students know that they will be assessed, integrated external motivation usually is an
additional important motive to study. As self-determination theory suggests that extrin-
sic rewards can undermine intrinsic motivation®', it would be interesting to investigate
the effect of a scoring system and competition in games on intrinsic motivation and

performance.

In conclusion, our studies showed that serious games with realistic tasks can facilitate
learning of complex cognitive skills, provided that the complexity of the tasks is match-
ing the competency-level of the learner. Games often enhance motivation, but in
the absence of improved performance there is little practical value in more engaged
learning. High-fidelity tasks in games enhance motivation and cognitive effort even
more, but may create cognitive overload and be detrimental for novice learners. In
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game design, complexity of tasks for the learner can be managed by offering guidance
(worked cases, hints) and gradually increasing task difficulty and task fidelity with a
variety of problems. Games appear to stimulate motivation by offering a challenging
environment with meaningful tasks and learner control, creating a sense of autonomy
for learners. Challenging tasks which match the skills level of the learner likely create a
‘flow’ experience and optimal learning. More design-based research in games is needed
on the effects of case complexity and design features on performance and motivation,
for novices and experts.

STRENGTHS AND LIMITATIONS OF THIS THESIS

The strengths of this thesis are its relevance for medical education, the design-based,
empirical approach and the grounding of findings in theoretical perspectives of learn-
ing. Health care and medical education need novel, more flexible models for training
and learning, thus making the topic of this thesis relevant. In addition, as fewer and
sicker patients are admitted to hospitals, for shorter time periods, learning opportuni-
ties shrink, while the number of admitted medical students is increasing. More online,
self-directed learning, with a variety of clinical cases and in adjunct to clinical experi-
ences, is needed for expertise development™. In this thesis we investigated the effects
of different choices in blended and online learning on performance and motivation. The
second strength, the design-based research approach, is reflected in the fact that we
performed several empirical studies in which we compared the effects of instructional
formats, didactic features and presentation forms in serious games. The vast major-
ity of papers on serious games in education speculate about the potential benefits of
games for learning, or describe game design in general terms™®. By formulating research
questions based on a multi-level design framework, we aimed to prevent confounding,
arising when multiple factors simultaneously influence the dependent variable, and
outcomes can be interpreted in more than one way**. Furthermore, we did this for two
separate serious games, in different domains. A third strength is grounding our findings
in theory and evidence-based principles of learning. This thesis explained empirical
findings from the studies in the context of theoretical perspectives on complex skills
learning and motivation. Understanding the role of technology-based learning from the
perspective of theories on learning, instructional design and motivation is important to
bring this young field forward.

The limitations of the research studies lie in the generalizability of the results and in
the potential problem of confounding. Despite the fact that we investigated two games
with different learning goals (related to emergency care and patient safety) and with
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different user groups, the generalizability of results is compromised as results cannot
be generalized to other user groups or learning goals. We did one study where a game
on emergency care was used by residents; this study showed the game improved their
cognitive skills. The two other studies we performed on games were done with 4™-year
medical students, although the primary target groups of both games were residents.
We decided to first investigate efficacy of the game(s) in medical students. We chose
this approach because the medical expertise level of students in general is more ho-
mogenous than the expertise level of residents. In addition, it is hard to motivate busy
residents to spend extra study time on educational formats without evidence for their
effectiveness. Moreover, emergency care is a high-stake skill with limited space for test-
ing new educational formats. Yet, as the competency level of learners is an important
factor in the efficacy of instructional design, results from undergraduate students can-
not be generalized to residents. Potentially confounding factors originate from the fact
that in two studies we compared the effects of different presentation forms (Q4) and
formats (Q5), keeping the content the same. Games are formats with often unique and
intertwined features, in which presentation forms are hard to isolate (e.g. physical and
functional fidelity) or for which an equivalent is not easy to develop in another format.
This leaves the risk that more than one didactic feature may have differed and thereby
influenced the outcomes. We tried to control this potential problem, which is common
in design-based research, by minimizing the differences between conditions, carefully
describing the didactic features in each intervention and subsequently critically analyz-
ing the learning outcomes and its most probable relation to the design features.

FUTURE RESEARCH

Research findings provide some answers, but also raise new questions. Design-based
research, grounded in theory and in evidence-based principles on learning, is useful in
advancing our knowledge on the effects of serious games and simulation programs on
performance and motivation. These online programs can either be used independently,
or blended with classroom learning. Research on game-based learning and online learn-
ing in general, is still a young field. Based on this thesis, and personal experience in
developing and evaluating online programs, we propose the following further studies:

Design-based research on the tasks and features that improve performance
and motivation

More research is needed on the effects of task difficulty and guidance for complex
skills learning with different user groups, focusing on questions such as: how can
task complexity in games (and simulation programs) be balanced with competency
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levels of learners to facilitate optimal and engaged learning (‘flow’)? A second area in
which further research is needed, can be summarized as the value-added approach®,
investigating the design features that improve a game’s effectiveness for performance
improvement and motivation (scoring systems, levels, task fidelity, forms of narrative
feedback). Clear definitions of design features are an important part of this type of
research. A useful four-dimensional framework for game research includes the learner
(role, challenges, progress), pedagogic approaches (adaptation, feedback, hints), rep-
resentation of the game (control, interaction, multimedia) and the context of learning
(goals and tasks, setting)®. Cognitive oriented theories of learning and the motivation
theory of self-determination provide a useful basis for further research in this dynamic
field. A third interesting area for further research is to investigate the optimal blend of
a serious game or simulation program with classroom training for complex skills learn-
ing. If a serious game is used in preparation for classroom training, can training time be
proportionally reduced while retaining performance?

Design-based research on single and multi-player games that improve team
skills

Developing communication and team skills is in general considered an important part
of the medical curriculum®®. These skills include interpersonal communication, leader-
ship and decision making. Serious games can offer a story line where team skills are
imbedded in a clinical context. Relevant research questions are: What is the added value
of game-features for training team skills, compared to simpler simulation programs?
What do multi-player games add to single-player games? Offering time-critical tasks,
modeling and debriefing are interesting features to investigate in this context. A second
area for further research is the optimal blend of a serious game and classroom training
for developing team skills.

KEY POINTS OF THIS THESIS

The two aims of this thesis were to investigate the effectiveness of a blended training
design compared to classroom training and the effectiveness and critical design features
of serious games for performance and motivation. In this final section, key points of the
thesis in relation to these aims are presented:

1. Blended learning, consisting of a mix of online and classroom learning, is at least as
effective and attractive for learners as classroom learning for knowledge acquisition.
In post-graduate training, a significant reduction in training costs can be realized
without compromising the learning outcomes.

153



154

Chapter 8

Blended learning facilitates adaptation to the learner’s knowledge level, flexibility of
access in time and place and scalability of learning. Didactic features that improve
online learning are: information with exercises and feedback, demonstration videos,
interactive and simulated cases. Workload for students in preparing classroom time
is an important factor to consider in course-design.

Checklists have poor validity and reliability in the assessment of emergency care
skills compared to more global competency scales or rating scales. Multiple raters
and cases may further improve the validity of assessment.

A serious game on emergency care, containing patient cases with feedback in a
high-fidelity environment, improves complex cognitive skills among residents, with
limited self-study time. Although the same game is motivating for inexperienced
medical students and stimulates them to study longer, it does not improve their
emergency skills, compared to what they learn from an instructional e-module. These
combined findings indicate an‘expertise reversal effect’ between prior knowledge of
learners (residents vs. students) and instructional format (game vs. e-module).

A serious game on patient safety, containing video-lectures, patient cases and bio-
feedback exercises, is motivating for medical students and stimulates them to study
longer; however it does not improve their patient safety awareness. Video-lectures
from the game and text-based lectures from an e-module are equally effective in
developing patient safety knowledge.

The development of a serious game requires considerable resources. For knowledge-
oriented learning goals there is in general little added value of a game; other educa-
tional formats serve this purpose just as well, at lower costs.

Although serious games with realistic tasks often enhance motivation, they are as
such not sufficient for improving performance. Games may support skills learning,
provided the complexity of the tasks matches the competency-level of the learner.
Complexity for the learner can be managed by offering tasks with guidance (worked
examples, hints). High-fidelity presentation of tasks stimulates motivation and in-
vestment of mental effort, but can nevertheless impede learning by novices.
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In medical education and health care, with its exponential growth in knowledge and
increasing demands on the needed competencies of doctors, there is a need for new
and more cost-effective training models. Blended and online learning are powerful
learning concepts, which can be used in different formats (e-modules, games) to gain
knowledge, skills and attitudes.

‘Blended’ (or hybrid) learning combines online learning and classroom learning. Poten-
tial benefits are more flexibility in online learning and high-quality, interactive class-
room sessions. Evidence from research is not conclusive on whether blended learning is
equally effective or more effective than solely classroom learning. The first aim of this
thesis was to compare the effectiveness of a blended training design with a conventional
classroom training for the acquisition of knowledge.

One of the promising new online formats to train complex skills in a motivating and
efficient way is provided by serious games. Little is yet known about the effectiveness
and optimal design of serious games in health care training. The second aim of this
thesis was to investigate the effectiveness and critical design features of serious games
for performance and motivation.

In Chapter 1, the concepts of online learning and blended learning are introduced. For
blended learning, different mixes of online and classroom learning can be chosen. For
designing online learning, different formats, didactic features and presentation types
can be used. A multi-level framework for structuring design decisions and enabling sys-
tematic comparisons of choices is presented. Available research on the different levels of
this framework is summarized, leading to the six central research questions of this thesis.

Despite the growing popularity of blended learning, little is known on whether blended
learning is equally or more effective as classroom-based learning. Our first research
question was: What is the effectiveness of a blended training design compared to a
classroom-based training design for knowledge acquisition in a postgraduate training
program? (Q1)

One of the two serious games we used for our studies was designed to train cogni-
tive emergency care skills for residents (physicians who are in training for a medical
specialty). Little evidence exists on the validity and reliability of (internationally used)
assessment instruments in emergency care. Hence our second research question was:
What is the validity and reliability of commonly used formats in the assessment of emer-
gency care skills for residents? (Q2) Serious games are new, promising online training
formats in health care and education. Research findings are not clear on the effective-
ness of this format for motivation and skills development. Therefore our third research
question was: Do residents, who use a serious game as a preparation for classroom
training, show better complex cognitive skills before training than residents who do not
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play the game? (Q3) High-fidelity cases are often used in simulation games, although
its contribution to learning and motivation is still unclear. Our fourth research question
was: What are the effects of adding high-fidelity patient cases (the game on emergency
care) compared to low-fidelity (text-based) cases on the acquisition of cognitive skills
and motivation of medical students? (Q4). The second serious game we investigated
was focused on patient-safety knowledge and skills. Therefore our fifth research ques-
tion was: Do students develop better patient safety knowledge and skills and are they
more motivated after using a highly interactive serious game than after using a limited
interactive e-module on the same topics? (Q5) Serious games are available in a variety
of genres. Currently, there is no systematic framework to evaluate games. Therefore, our
sixth research question was: How can serious games applied in health care and medical
education be systematically evaluated? (Q6)

Chapter 2 describes a study comparing the effectiveness of a conventional classroom
design in a postgraduate course (11 day course) with a blended course design, consist-
ing of two-third classroom training (7 days) and one-third online self-study (Q1). Partici-
pants from the blended group and the classroom-based group did not differ in learning
results on knowledge tests. Evaluation results of both groups were equally positive,
with the blended group being more self-confident about their knowledge. Evaluation
showed they appreciated practicing exercises at their own pace and level. Training
costs of the blended design were reduced with one-third compared to the conventional
design. Thus, blended learning is equally effective and attractive as classroom training.
In post-graduate training, a blended design can lead to a significant reduction in costs,
without compromising performance.

In Chapter 3 we describe the validity and reliability of (internationally) commonly used
formats in the assessment of complex cognitive emergency care skills for residents
(Q2), as a basis for the effectiveness study in Chapter 4. The scenario assessments
were performed by trained raters with a standardized simulation patient; the assess-
ment instrument included a checklist, a competency scale and a global performance
scale. Psychometric analyses were done with assessment results of 144 residents and
12 trained raters; 22 residents were videotaped and re-assessed by eight experienced
raters. Results showed that checklists have poor validity and reliability in assessing
emergency care skills. The clinical competency scale had good validity and a moderate
reliability; the global performance scale had a moderate reliability. We concluded that
more global assessment instruments have a better reliability and validity than detailed
checklists for assessing emergency skills. The limited number of assessment scenarios
and raters, as typically used in emergency care assessment around the world, results in
a moderate validity and reliability.
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In the study presented in Chapter 4, we investigated whether residents who used the
abcdeSIM game in addition to course material as a preparation for classroom training
(‘reading & game’ group), show better emergency care skills at the start of the training
than a control group who only used the course material (‘reading’ group) (Q3). The as-
sessment instrument we used to assess the complex cognitive emergency care skills was
based on the findings from the validation study described in Chapter 3. Before class-
room training, the reading & game group studied 2.5 hours longer and showed higher
scores on objectively measured and self-assessed clinical competencies (with a medium
to large effect size) than the reading group. The reading& game group felt engaged with
the game. Groups were equally motivated for the training. After two weeks of training,
we no longer found differences in competencies between groups. We concluded serious
games can be used as an effective, motivating preparation for instructor-led emergency
care courses to train residents’ clinical competencies. Future research will have to show
how this effect can be sustained and whether training time can be reduced in combina-
tion with this type of online preparation, maintaining learning outcomes. As this study
was inconclusive on which design choices had been responsible for the learning effects,
in our next study we focused on the effect of fidelity in games.

In the study described in Chapter 5, we investigated the effect of high versus low fidelity
patient cases, in adjunct to an instructional e-module, on medical students’ acquisition
of cognitive emergency care skills and motivation (Q4). In a three-group randomized
design, a control group worked on an instructional e-module explaining the emer-
gency care approach (including a demonstration video); a ‘cases group’ combined the
e-module with a text-based patient cases program (low-fidelity condition), and a‘game
group’ combined the e-module with the abcdeSIM game (high-fidelity condition), using
the same patient cases. After a study period, blinded assessors rated students’ cognitive
emergency care skills in two mannequin-based scenarios. A double assessment scenario
was chosen to improve validity of assessment, building on the findings from the validity
study described in Chapter 2. We also evaluated different types of perceived cognitive
load. Although learning time was two hours longer for both the cases group and the
game group compared to the control group, acquired cognitive skills did not differ be-
tween groups. However, students who spent more game-time showed better skills than
students who spent less game-time. The game and cases group experienced higher
intrinsic cognitive load from the cases compared to the e-module. The game group
experienced higher intrinsic and germane load than the cases group and felt more en-
gaged with the format. We concluded that for initial skill acquisition, an e-module with
a demonstration video is a powerful instructional format and provides sufficient op-
portunity for learning. Inexperienced students did not benefit from additional work on
open cases, which appeared to be too complex, but nonetheless challenged students to
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study longer. The high-fidelity game increased complexity and did not improve learners’
skill level, even though students put more effort into it and felt more engaged than with
the low-fidelity cases. Fidelity in cases enhances motivation and stimulates cognitive
effort, but may increase complexity and impede learning for novices.

Chapter 6 reports on the question: Do undergraduate medical students develop better
patient safety knowledge and awareness, and are they more motivated after using a
highly interactive serious game (Air Medic Sky-1) than after using a limited interactive e-
module? (Q5). A third group acted as a historical control group without extra education.
The game includes video lectures, biofeedback exercises (using finger sensors that keep
track of heart rate and skin conductance) and patient missions. The e-module includes
text-based lectures on the same patient safety topics. Average learning time was three
hours for the game and one hour for the e-module group. The game (particularly the
part with the patient missions), was evaluated as considerably more engaging than the
e-module, with large effect sizes. We found that patient safety knowledge was equally
improved in the game group and the e-module group, compared to the control group.
During rotations, students in the three groups reported similar low levels of stress and
patient-safety awareness. Interestingly, students who had played the game longer (and
treated more ‘patients’ successfully), experienced higher self-efficacy and reported less
stress during their rotation than students who spent less game-time. We concluded that
video-lectures and text-based lectures, however, are equally effective in developing
knowledge on patient safety topics. Although games with interactive patient cases,
where students can practice patient safety situations, are strongly engaging and stimu-
late longer study, they do not result in improved patient safety awareness. The value
of biofeedback exercises for stress-management should be investigated with learners
experiencing higher stress levels.

Chapter 7 presents a general framework to systematically evaluate serious games ap-
plied to health care and medical training (Q6). The framework provides a set of standard-
ized criteria to evaluate the rationale behind a serious game (e.g., goals and user groups)
and assess its content and didactic functionality (e.g., the relation between learning and
game play and the game assessment parameters), effectiveness (e.g., predictive valid-
ity of game outcomes on outcomes in real life), and data safety (e.g., data ownership).
Using this framework, developers can support end-users in evaluating the usability and
potential benefits of a specific serious game. We expect this will stimulate a thoughtful
and safe implementation of serious games in medical education.

In Chapter 8 a general discussion of the findings of this thesis is provided, including
the main conclusions from the studies, the implications for instructional design and the
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strengths and limitations of this thesis. Next we present recommendations for future
research and state the key points of the thesis. The first aim of this thesis was to inves-
tigate the effectiveness of a blended training design compared to classroom training.
For knowledge acquisition, blended learning is equally effective as classroom learning.
Blended learning facilitates adaptation to the learner’s knowledge level, flexibility in
time and scalability of learning. In post-graduate training, a significant reduction in
training costs can also be realized. Effective didactic methods in the design of the online
component are: information in conjunction with exercises and feedback, demonstration
videos, interactive and simulated cases. An important consideration in the design is also
the amount of online self-study. Securing online preparation is a critical success factor
in blended learning. Theories of multimedia learning are useful as a basis for further
research.

The second aim was to investigate the effectiveness and critical design features of seri-
ous games for performance and motivation. For the assessment of complex cognitive
emergency care skills, checklists have poor validity and reliability compared to more
global competency scales or rating scales. A serious game with realistic, interactive cases
improved complex cognitive skills for residents, despite limited self-study time. Although
the same game was motivating for inexperienced students and stimulated them to study
longer, it did not improve their cognitive skills, compared to what they learned from
an instructional e-module. These combined results indicate an ‘expertise reversal effect’
between prior knowledge of learners (residents vs. students) and instructional format
(game vs. e-module). Serious games provide affordances for flexible practice with simu-
lated tasks; they often enhance motivation, but do not necessarily result in better perfor-
mance. High-fidelity tasks in games enhance motivation and cognitive effort even more,
but may create cognitive overload and be detrimental for novice learners. In designing
games, complexity of tasks for the learner can be managed by offering guidance (worked
cases, hints) and gradually increasing task difficulty and task fidelity with a variety of
problems. Games appear to stimulate motivation by offering challenging, meaningful
tasks and learner control, creating a sense of autonomy for learners. Challenging tasks
which match the skills level of the learner are likely to effectuate a ‘flow’ experience and
optimal learning. The development of a serious game requires considerable resources.
For knowledge-oriented learning goals there is in general little added value of a game;
other educational formats serve this purpose just as well and at lower costs.

Although serious games with realistic tasks often enhance motivation, they are as such
not sufficient for improving performance. Games may support skills learning, provided
task complexity matches the learner’s competency-level. More design-based research is
needed on the effects of task complexity and design features on performance improve-
ment and motivation, for novices and experts.
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In het medisch onderwijs en de gezondheidszorg, met zijn exponentiéle groei in kennis
en toenemende eisen aan de vaardigheden van artsen, bestaat behoefte aan nieuwe,
meer kosteneffectieve trainingsmodellen. Blended en online leren zijn krachtige leer-
concepten, waarbij verschillende formats (serious games, e-modules, simulaties) kun-
nen worden ingezet om kennis, vaardigheden en attitudes te ontwikkelen.

‘Blended’ (of hybride) leren combineert online leren en contactonderwijs. Hiermee
kan meer flexibiliteit in het online deel worden gerealiseerd, gecombineerd met hoog
interactieve klassikale sessies. Over de vraag of blended leren net zo effectief is als alleen
klassikaal leren, of effectiever, zijn de onderzoeksresultaten niet eenduidig. Het eerste
doel van dit proefschrift is de effectiviteit te vergelijken van een blended onderwijsont-
werp met klassikaal onderwijs voor kennisontwikkeling.

Serious games zijn relatief nieuwe, veelbelovende formats om complexe vaardigheden
op een motiverende en efficiénte wijze te trainen. Er is nog weinig bekend over de
effectiviteit en optimale ontwerpkeuzes van serious games voor (medisch) onderwijs
en training. Het tweede doel van dit proefschrift is de effectiviteit van en kritische ont-
werpkeuzes bij serious games te onderzoeken voor de bevordering van leerprestaties
en motivatie.

In Hoofdstuk 1 worden de concepten online leren en blended leren geintroduceerd.
Bij blended leren kunnen verschillende verhoudingen van klassikaal en online leren
worden ingezet. Voor het ontwerpen van online leren kunnen diverse formats, didac-
tische methoden en presentatie typen worden gebruikt. Met een conceptueel kader
dat de verschillende stappen in het ontwerpproces beschrijft kan dit proces worden
gestructureerd en is een systematische vergelijking van keuzes mogelijk. Nadat dit
raamwerk is beschreven, wordt beschikbaar onderzoek met betrekking tot effectiviteit
van ontwerpkeuzes bij de diverse ontwerpstappen samengevat. Dit is de basis voor de
formulering van de zes centrale onderzoeksvragen van dit proefschrift.

Ondanks de toenemende populariteit van blended leren, is nog weinig bekend over de
vraag of blended leren net zo effectief is, of effectiever dan klassikaal leren. Daarom was
onze eerste onderzoeksvraag: Wat is de effectiviteit van een blended trainingsontwerp
voor een kennisgerichte nascholing in vergelijking met een klassikaal ontwerp? (Q1)
Een van de twee serious games die het onderzoeksobject vormen voor een aantal stu-
dies uit dit proefschrift, traint artsen in opleiding tot specialist (aios) in cognitieve acute
zorgvaardigheden. Er is nog weinig bekend over de validiteit en betrouwbaarheid van
(internationaal) gebruikte beoordelingsinstrumenten in trainingen acute zorg. Daarom
was onze tweede onderzoeksvraag: Wat is de validiteit en betrouwbaarheid van veel
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gebruikte instrumenten in de beoordeling van acute zorgvaardigheden bij aios? (Q2)
Serious games zijn vrij nieuwe trainingsformats in het medisch onderwijs. Onderzoeksre-
sultaten zijn niet eenduidig over de effectiviteit van serious games voor de leerprestaties
en motivatie van cursisten. Daarom luidde onze derde onderzoeksvraag: Hebben AIOS,
die een serious game acute zorg als voorbereiding van een klassikale training gebruiken,
betere cognitieve vaardigheden aan het begin van de training dan aios die de game niet
spelen? (Q3) Bij veel simulatiegames wordt casuistiek met een hoge natuurgetrouwheid
ingezet, alhoewel de bijdrage van natuurgetrouwheid aan leren en motivatie nog on-
duidelijk is, met name voor onervaren studenten. Onze vierde onderzoeksvraag luidde
daarom: Wat zijn de effecten van het toevoegen van patiéntcasuistieck met een hoge
natuurgetrouwheid (de game acute zorg) in vergelijking met patiéntcasuistiek met
een lage natuurgetrouwheid (tekstgebaseerde cases) op de verwerving van cognitieve
vaardigheden en motivatie door medische studenten? (Q4). De tweede serious game
die we hebben onderzocht was een interactieve game voor de ontwikkeling van kennis
over en bewustzijn van patiéntveiligheid. Onze vijfde onderzoeksvraag was: Hebben
studenten een beter niveau van kennis over en bewustzijn van patiéntveiligheid en
zijn ze meer gemotiveerd na het leren met een interactieve serious game dan met een
beperkt interactieve e-module over dezelfde onderwerpen? (Q5) Er zijn verschillende
typen serious games op de markt beschikbaar. Er is echter momenteel geen raamwerk
waarmee games kunnen worden geévalueerd door potentiéle gebruikers. Onze laatste
onderzoeksvraag was dan ook: Hoe kunnen serious games voor de gezondheidszorg en
medisch onderwijs systematisch worden geévalueerd? (Q6).

In Hoofdstuk 2 beschrijven we een retrospectieve studie waarin de effectiviteit van een
(11-daagse) klassikale nascholingscursus wordt vergeleken met een blended cursusop-
zet, bestaande uit 2/3 deel klassikaal onderwijs (7 dagen) en 1/3 deel online zelfstudie
(Q1). Cursisten uit de klassikale groep en de blended groep verschilden na afloop niet
in leerresultaten op de kennistoetsen. Ook waren de evaluatieresultaten met betrekking
tot de cursus van beide groepen positief, waarbij de blended groep meer vertrouwen
toonde in eigen kennis. Evaluaties gaven verder aan dat deze groep met name het
oefenen in eigen tempo en op hun eigen niveau waardeerden. De trainingskosten van
de blended opzet bedroegen eenderde minder dan die van de klassikale opzet. We
concludeerden dat blended onderwijs even effectief en aantrekkelijk is als volledig klas-
sikaal onderwijs. Bij postinitieel onderwijs kan het leiden tot een significante reductie
van kosten, met behoud van leerprestaties.

In het onderzoek van Hoofdstuk 3 beschrijven we de validiteit en betrouwbaarheid van
(internationaal) veel gebruikte instrumenten in de beoordeling van complexe cognitieve
vaardigheden acute zorg voor aios (Q2), als basis voor de effectiviteitstudie van Hoofd-
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stuk 4. De scenariogebaseerde beoordeling werd gedaan door getrainde beoordelaars
met (gestandaardiseerde) simulatiepatiénten. Het beoordelingsinstrument omvatte een
checklist, competentielijsten en een globale beoordelingslijst. Psychometrische analyses
zijn uitgevoerd met de beoordelingsresultaten van 144 aios en 12 getrainde beoorde-
laars. Van 22 aios werd de beoordeling op video opgenomen en herbeoordeeld door
acht ervaren beoordelaars. De resultaten lieten zien dat checklists een lage validiteit en
betrouwbaarheid hebben voor de beoordeling van vaardigheden acute zorg. De klini-
sche competentielijst en de globale beoordelingslijst had een goede validiteit en een
matige betrouwbaarheid. De conclusie was dat meer globale beoordelingsinstrumenten
betrouwbaarder en meer valide zijn dan gedetailleerde checklists bij de beoordeling van
complexe cognitieve vaardigheden acute zorg. Het beperkte aantal scenario’s en be-
oordelaars, zoals gebruikelijk bij de beoordeling van trainingen acute zorg wereldwijd,
resulteert in een matige betrouwbaarheid en validiteit van de beoordelingen.

In het onderzoek dat in Hoofdstuk 4 wordt beschreven, hebben we onderzocht of aios
die een serious game (de abcdeSIM) gebruiken in aanvulling op een cursusboek (de
‘cursusboek & game groep’) ter voorbereiding op een klassikale training acute zorg, voor
deze training betere vaardigheden hebben dan aios die alleen het cursusboek hebben
gebruikt (de‘leesgroep’) (Q3). Het gebruikte beoordelingsinstrument was gebaseerd op
de resultaten van de validatie studie uit Hoofdstuk 3 (competentielijsten en een globale
beoordeling). Voor de klassikale training studeerde de cursusboek & game groep 2.5 uur
langer, had een hoger gemeten niveau van klinische vaardigheden (met een medium
tot grote effectgrootte), en beoordeelde zelf de klinische vaardigheden ook beter dan
de leesgroep. De cursusboek & game groep was gemotiveerd om de game te spelen.
Beide groepen waren even gemotiveerd voor de inhoud van de klassikale training. Na
2 weken training vonden we echter geen verschillen meer in competenties tussen de
groepen. We concludeerden dat serious games kunnen worden ingezet als een effec-
tieve, motiverende voorbereiding op een klassikale cursus om klinische vaardigheden
van aios te trainen. Nader onderzoek zal moeten uitwijzen hoe dit effect kan worden be-
houden en of trainingstijd in combinatie met deze voorbereiding kan worden ingekort,
met behoud van leerprestaties. Aangezien deze studie geen uitsluitsel gaf over de vraag
welke ontwerpkeuzes bepalend zijn voor het leereffect, hebben we ons in de volgende
studie gericht op het effect van natuurgetrouwheid van casuistiek in simulatiegames.

In de studie die we in Hoofdstuk 5 rapporteren, hebben we het effect onderzocht van
hoge en lage natuurgetrouwheid van casuistiek op de motivatie en verwerving van
cognitieve vaardigheden acute zorg van medische studenten (Q4). Deze casuistiek
werd aangeboden in aanvulling op een instructieve e-module. In een gerandomiseerde
opzet met 3 groepen, kreeg de controlegroep alleen een instructieve e-module waarin
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de basisprincipes van acute zorg werden toegelicht (inclusief een demonstratievideo);
de ‘tekst-cases groep’ kreeg naast de e-module tekstgebaseerde patiéntcasuistiek (de
lage natuurgetrouwheid conditie), en de ‘game groep’ combineerde de e-module met
de abcdeSIM game (de hoge natuurgetrouwheid conditie), met daarin dezelfde patién-
tcasuistiek. Na een studieperiode werden de klinische (cognitieve) vaardigheden acute
zorg van de studenten beoordeeld door (voor de conditie) geblindeerde beoordelaars in
twee scenario’s met simulatiepoppen. Daarnaast werd de ervaren cognitieve belasting
bij studenten gemeten. Ondanks het feit dat de leertijd bij zowel de tekst-cases groep
als de game groep twee uur langer was dan bij de controlegroep, verschilden de geme-
ten cognitieve vaardigheden van groepen niet. Studenten die meer tijd aan de game
besteedden, hadden echter wel een hoger vaardigheidsniveau dan korter spelende
studenten. Zowel de tekst-cases als de game groep ervaarde een hogere cognitieve
belasting bij de patiéntcasuistiek dan bij de e-module. De game groep ervaarde een
hogere cognitieve belasting, ervaarde meer mentale inspanning en voelde zich meer
gemotiveerd door het game format dan de tekst-cases groep. We concludeerden dat in
de beginfase van vaardigheidsontwikkeling, een e-module met een demonstratievideo
veel instructieve waarde heeft. Onervaren studenten profiteren niet van additioneel
oefenen met open casuistiek, indien deze voor hen te complex is, ook al stimuleert deze
hen wel tot langer studeren. Hoge natuurgetrouwheid in casuistiek van een serious
game werkt motiverend en stimuleert het leveren van mentale inspanning, maar kan bij
onervaren studenten de complexiteit verhogen en het leren belemmeren.

Hoofdstuk 6 beschrijft een studie naar de vraag of medische studenten die een interac-
tieve serious game over patiéntveiligheid (Air Medic Sky-1) gebruiken, meer kennis van
en bewustzijn over patiéntveiligheid ontwikkelen en gemotiveerder zijn dan studenten
die een beperkt interactieve e-module gebruiken (Q5). Een derde groep fungeerde als
een historische controlegroep en kreeg geen extra instructie over patiéntveiligheid. De
game bevat video-lessen, biofeedback oefeningen (met vingersensoren die de hartslag
en huidgeleiding meten) en interactieve patiéntscenario’s. De e-module bevat tekst-
lessen over dezelfde onderwerpen, maar met beperkte interactiviteit. De gemiddelde
leertijd was drie uur voor de game groep en een uur voor de e-module groep. De game,
met name het deel met de patiéntscenario’s, werd ervaren als meer motiverend (met
een grote effect-grootte) dan de e-module. Kennis over patiéntveiligheid was zowel in
de game- als in de e-module groep toegenomen ten opzichte van de controle groep.
Tijdens het daaropvolgend co-assistentschap rapporteerden studenten van alle drie
groepen echter lage, vergelijkbare niveaus van bewustzijn over patiéntveiligheid en
stress. Studenten die de game langer speelden (en meer ‘patiénten’ succesvol hadden
behandeld), ervaarden wel een hogere self-efficacy (geloof in eigen kunnen) en min-
der stress tijdens het co-assistentschap dan studenten die de game korter speelden.
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We concludeerden dat video-lessen en tekst-lessen even effectief zijn om kennis over
patiéntveiligheid te ontwikkelen. Alhoewel games, met interactieve casuistiek over
patiéntveiligheid, motiverend zijn voor studenten en aanzetten aan tot extra studie,
leiden ze niet tot meer bewustzijn over patiéntveiligheid. De waarde van biofeedback
oefeningen voor stressreductie dient in vervolgonderzoek te worden onderzocht met
cursisten die hogere stressniveaus ervaren.

Hoofdstuk 7 presenteert een raamwerk om serious games voor de gezondheidszorg
en medisch onderwijs systematisch te evalueren (Q6). Het raamwerk biedt een set van
gestandaardiseerde criteria om de rationele van een game (o.a. doelen en doelgroepen),
de inhoud en didactische functionaliteit (0.a. de relatie tussen de leerdoelen, gamedoe-
len en scoringsparameters), de effectiviteit (o.a. de voorspellende validiteit van game
resultaten naar resultaten buiten de game), en dataveiligheid (data-eigenaarschap) te
evalueren. Met behulp van dit raamwerk kunnen game-ontwikkelaars gebruikers on-
dersteunen in het beoordelen van de bruikbaarheid en de potentiéle voordelen van een
specifieke serious game. We verwachten dat dit raamwerk een weloverwogen en veilige
inzet van serious games in medisch onderwijs zal ondersteunen.

Hoofdstuk 8 bevat de discussie over de bevindingen van dit proefschrift. Als eerste
worden de conclusies met betrekking tot de studies samengevat, de implicaties voor
het ontwerpen van blended onderwijs en serious games geschetst en de sterke kanten
en beperkingen van de studies benoemd. Tot slot worden aanbevelingen gedaan voor
verder onderzoek en de kernpunten van dit proefschrift geformuleerd.

Het eerste doel van dit proefschrift was te onderzoeken of een blended onderwijsopzet
net zo effectief is als klassikaal onderwijs voor kennisontwikkeling. Voor kennisverwer-
ving is een blended opzet net zo effectief als een klassikale opzet. Een blended opzet
biedt daarnaast meer flexibiliteit in tijd en plaats, betere mogelijkheden voor aansluiting
aan het kennisniveau van de cursisten en maakt een groter bereik mogelijk. In postiniti-
eel onderwijs kan hiermee tevens een aanzienlijke kostenreductie worden gerealiseerd.
Voor de online component kan een variéteit aan effectieve didactische methoden
worden gebruikt, zoals: informatie met oefeningen en feedback, demonstratie video's,
interactieve casuistiek. Bij het ontwerpen van blended leren is de studiebelasting van
cursisten een belangrijke overweging. Daarnaast is een goede borging van de voor-
bereiding door cursisten een kritische succesfactor. Theorieén over multimedia leren
vormen een goede basis voor verder onderzoek.

Het tweede doel van dit proefschrift was de effectiviteit van en kritische ontwerpken-
merken bij serious games te onderzoeken voor de ontwikkeling van leerprestaties en
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motivatie. Voor de beoordeling van complexe vaardigheden acute zorg zijn checklists
minder valide dan meer globale beoordelingsinstrumenten, zoals competentielijsten.
Een serious game met realistische, interactieve patiéntcasuistiek leidt bij aios tot
betere complexe cognitieve vaardigheden, ondanks een beperkte zelfstudietijd. Al-
hoewel deze game voor onervaren studenten motiverend is en hen aanzet tot langer
studeren, verbeteren hun cognitieve vaardigheden niet, in vergelijking met wat zij
leren van een instructieve e-module. Deze gecombineerde resultaten duiden op een
‘expertise reversal effect’ tussen kennisniveau van de cursist (aios vs. student) en het
instructieformat (game vs. e-module). Serious games, met hun mogelijkheid flexibel
te oefenen met gesimuleerde taken, zijn vaak motiverend maar leiden niet altijd tot
verbeterde leerprestaties. Een hoge natuurgetrouwheid van taken stimuleert motivatie
(en mentale inspanning) nog extra, maar kan cognitieve overbelasting veroorzaken en
bij onervaren studenten het leren belemmeren. Bij het ontwerpen van games kan de
complexiteit voor de cursist worden beperkt door het aanbieden van begeleiding (uit-
gewerkte voorbeelden, tips) en het geleidelijk opvoeren van de moeilijkheidsgraad en
natuurgetrouwheid van leertaken, met een variéteit aan problemen. Het motiverende
karakter van games lijkt vooral samen te hangen met een uitdagende leeromgeving,
betekenisvolle taken en controle door de cursist, hetgeen een gevoel van autonomie
creéert. Uitdagende taken die passen bij het competentieniveau van de cursist kunnen
tijdens het leren leiden tot een ‘flow’-ervaring en optimaal leren. De ontwikkeling van
een serious game vereist echter veel middelen. Voor de ontwikkeling van kennis is er
weinig meerwaarde bij inzet van een game; andere educatieve formats zijn net zo goed
in staat deze leerdoelen te realiseren tegen minder kosten.

Het spelen van serious games met realistische taken is vaak sterk motiverend voor cursis-
ten, maar bevordert de leerprestaties niet noodzakelijkerwijs. Games kunnen het leren
ondersteunen indien de complexiteit van de taken aansluit op het competentieniveau
van de cursist. Meer ontwerpgericht onderzoek is nodig naar de effecten van taakcom-
plexiteit en didactische keuzes op de bevordering van leerprestaties en motivatie, voor
minder en meer ervaren cursisten.
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De oorsprong van dit proefschrift ligt in een gesprek tijdens een autorit naar het game-
bedrijf 1Jsfontein, rond februari 2012, waarin Stephanie vroeg: “Mary, ben jij eigenlijk
gepromoveerd?” “Nee?” “Zou je willen promoveren, onderzoek doen naar het effect
van de game die we hebben ontwikkeld?” “ehh... Ik zou wel willen onderzoeken of
het werkt, maar promoveren? Een jaar of zeven alle vrije tijd besteden aan onderzoek
doen?”We spraken af dat ik erover na zou denken. Een nieuw, uitdagend project sprak
me wel aan, ik was ook erg nieuwsgierig naar de effectiviteit van de abcdeSIM game die
we hadden ontwikkeld met ‘de jongens van lJsfontein’ en ik had geen kinderen meer
thuis ... dus waarom niet? Toen Erik-Jan mij aanbood om 1 4 2 dagen per week aan dit
promotieonderzoek te kunnen besteden, was de knoop doorgehakt. Het voelde een
beetje als een avontuur, waarvan ik niet precies wist waar het zou eindigen. Nu, 3,5 jaar
later, kijk ik terug op een periode van weliswaar hard werken, maar vooral de kans om
veel nieuwe dingen te leren; soms met vallen en opstaan, soms door een cursus of met
behulp van adviezen van collega’s. Een nieuwe professionele impuls. In tegenstelling tot
mijn verwachting ben ik na een paar jaar intensief met onderzoek naar serious games en
blended leren bezig te zijn geweest, er nog lang niet op uit gekeken.

Dr.S.C.E. Schuit, beste Stephanie: veel dank voor je initiatief, voor de inspirerende ses-
sies die we hadden, je onuitputtelijke energie en vindingrijkheid in het vinden van
oplossingen. Je enthousiasme werkte aanstekelijk. Ook nadat je hoofd van de SEH en
opleider Interne was geworden, vond je tijd om mijn stukken te lezen en van feedback te
voorzien. Ik ben er trots op dat onze intensieve samenwerking - soms bij nacht en ontij -,
die startte met het abcdeSIM project, nu heeft geresulteerd in dit proefschrift.

Prof.dr.J.L.C.M. van Saase, beste Jan: veel dank voor de prettige begeleiding, het ver-
trouwen dat je me hebt gegeven en de vrijheid die ik kreeg in het onderzoek. Door jouw
netwerk kreeg ik extra kansen om mijn werk te presenteren op medische congressen.
Ik kijk met plezier terug op onze gesprekken over de vorderingen van het onderzoek en

jouw ervaringen als opleider en internist.

Prof.dr.J.).G. van Merrienboer, beste Jeroen: jouw grote expertise en ervaring in onderwijs-
kundig onderzoek en instructie ontwerp was erg waardevol in alle fasen van onze studies.
Veel dank voor de prettige samenwerking! Ondanks de vele promovendi die je begeleidt,
was je steeds ongelooflijk snel en adequaat in je kritische en leerzame feedback.

Prof.dr.ir.A.P.N. Themmen, beste Axel: het Institute of Medical Education Research Rot-
terdam (iMERR), dat jij hebt helpen opzetten, was een goede voedingsbodem voor mijn
onderzoek. Dank ook voor het beoordelen van het manuscript en je bereidheid plaats te
nemen in de grote commissie.
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Prof.dr.M. de Hoog, beste Mathijs: vanaf het begin van mijn promotietraject heb je in-
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