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Executive Summary 
Games can be created to mimic any type of healthcare environment, from the 

emergency department to the surgical suite. Serious games are educational tools to 

help physicians master clinical skills. Medical education games have been shown in 

clinical studies to improve healthcare professionals knowledge, skills and confidence 

in various medical procedures (e.g., surgical procedures, diabetes management, and 

patient interactions) leading to improved patient outcomes. Studies support the theory 

that simulative and immersive experiences may lead to faster diagnoses, fewer surgical 

errors, and overall improved patient management.

By learning through 

simulation and immersion, 

knowledge gained 

becomes knowledge 

integrated and applied.

improvement in 
mean knowledge and 
skills using serious 
games compared to 
traditional education.1

29%
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Introduction
Education is more challenging in a fast-paced, delivery-

oriented world. Creating a single solution for educating 

adults provides challenges, as we each bring our own 
unique experiences to help address the problems, 
questions and challenges we are facing.2 Nonetheless, 

ongoing learning is particularly important for healthcare 

professionals, as it assists them with acquiring new skills 

and developing the thought processes that are needed 

to respond appropriately in a variety of situations, 

particularly under pressure.3

The adult learner is primarily a self-directed learner,  

who is most interested in information and ideas that  

can be applied immediately to solve problems or 

address challenges.2 A further complication of adult 

learning is a lack of time, necessitating that education 

take place in bite-sized chunks accessible without 

limitations of scheduling or location. With competing 

constraints on our time and attention, it is imperative 

that teaching tools grab the learner’s attention from the 

outset. This can be achieved through the use of visually 

compelling graphics and imagery that keep users 

engaged with an array of media (audio, reading, visual) 

in order to deliver information in a clear and  

concise manner.4

Creating multimedia experiences is essential in adult 

learning to maximize engagement and assist with the 

visualization of concepts. Research suggests that time 

spent in the classroom offers less benefit in how to learn, 

think, and perform in the face of real-world challenges 

than do interactive experiences which motivate the 

learner and simulate a person’s reality.3  

Gamification, particularly simulation-enabled 

games, improves not only the quality of 

learning but also the confidence of the learner, 

by engaging them in real-world problem 

solving.5 This method has been shown to help 

the learner better understand the connection 

between their learning experience and their 

real-life work as they pursue a specific goal. 

Game-based learning and simulations allow the 

learner to make errors and experiment in a risk-free setting, encouraging them to learn, 

practice and discover new ways to achieve success. This approach keeps the learner 

actively engaged in different techniques and thought processes that can be transferred 

from a game or simulation to real life.3

Screenshot from “The Enlightened League of Bone 

Builders” on HTC Vive, INVIVO Communcations.

...it is imperative  
that teaching tools 
grab the learner’s 
attention from  
the outset.
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Gaming and Education
Serious games are educational tools that encompass a spectrum of activities, including 

defined objectives, a set of rules and a feedback system that allows the player to 

assess how close they are to achieving their goals. Gaming should also offer the player 

a concrete experience, time for reflection and conceptualization and application of 

learning/experimentation. 

Serious games are increasingly being considered for medical education as they have 

been shown to employ game-thinking and mechanics that improve medical knowledge 

and skills.6

Digital games have become more commonly used as tools for medical education given 

they are now a well-accepted part of our everyday life. They promote experiential 

(active) learning and encourage self-directed learning.7-10 It is important, however, that 

medical education games facilitate stealth learning. That is, delivering knowledge and 

skills within a safe framework that is perceived as a personal and community journey 

of growth. To allow for the sentiment of empowerment and control, which is key for 

gaming, the learner should drive the game, determining their route and speed.6

 Several surveys and studies support that digital games and active learning offer 

educational value in science and healthcare learning, particularly if the game 

realistically replicates the experience of laboratory or clinical practice.8,12,13 In a study 

using Labster, a gamified laboratory simulation, a 76% increase in learning outcomes 

compared to traditional teaching was observed, with a 101% increase when the 

simulation was used in combination with traditional teaching.13

The benefits of active learning are further supported by a meta-analysis of 225  

studies that compared student performance in undergraduate science, technology, 

engineering, and mathematics (STEM) courses under traditional lecturing versus  

active learning (e.g., group problem solving, worksheets, workshops). The outcome 

indicated that the average exam score improved in active learners by about 6%,  

while learners in traditional lectures were 1.5 times more likely to fail than their  

active-learner colleagues.12 

Some tips for creating a  
‘serious’ medical education  
game include6,11:

Ground game in a clear  
curriculum of knowledge  
and skills

Provide opportunity for  
 in-game collaboration with 

colleagues.

Offer rewards (self-efficacy  
and/or reputation)

Allow for a trainee-player 
model, where the learning 
guides the experience

Ensure actions/learnings 
from the game have a clear, 
measurable real-world impact

Allow for infinite play 
(continuous deliberate practice) 
until expert level is achieved
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Looking at real-world clinical examples, two studies, one in diabetes and one in 

hypertension, found that gamification improved knowledge and skills in medical students/

residents. Notably, gamification of hypertension best practices led to improved patient 

outcomes in the hypertension study by highlighting the underlying need and importance 

of therapy for the patient.1,14-16 InsuOnline was developed to improve physician knowledge 

about insulin and glycemic control in adults with diabetes mellitus. The pilot study with 

medical students and residents demonstrated an improvement in their mean knowledge/

skill with a score of 21% in the traditional education group (lecture, case discussion; n=23; 

p<0.001), and a 29% improvement in the game group (player assumes role of physician in 

primary healthcare unit evaluating increasingly complex patients; n=18; p<0.001). 

The gamification of hypertension best practices involved developing game mechanics 

for an evidence-based for online education.* The goal was to improve treatment 

intensification in hypertensive patients not at BP target in clinical practice. This real-

world study was a 2-arm randomized trial conducted over 52 weeks among primary care 

clinicians (n=111) at 8 hospitals with 14 336 patients. The game improved clinicians’ long-

term knowledge of best practices, and was significantly more effective than providing the 

identical content as an online posting with e-mail reminders. Gamification led to a large 

gain in clinicians’ knowledge of hypertension management and generated a modest but 

significant improvement in time to BP target (117 days versus 125 days, P=0.022) as well as 

leading to improved health measures in the treated patients. The study concluded that, 

while significant, the modest success highlights the fact that substantial challenges remain 

in translating improvements in clinician knowledge to changes in patient outcomes.17

Simulation games such as Septris and SICKO have been applied to hospital risk 

management. These simulations use real-life patient cases recreated as virtual interactive 

patients to allow clinicians to identify a practical approach to early symptom identification 

and application of evidence-based management (best practice) and evidence-based 

guidelines. The simulations are used by risk managers to assess healthcare professional 

performance on past or potential cases as well as allowing clinical decisions made within 

the scenario to be deconstructed and analyzed, leading to improved patient outcomes, 
with reduced mortality and liability.18, 19

“THW Road Test” developed by  

INVIVO Communications for Sanofi Genzyme. 

“Surgical Simulation Game” developed  

by INVIVO Communications. 

* Game mechanics included competition among participants, adaptive content reinforcement based on performance, an appointment dynamic (one must 

engage at predefined times to take some action), and a progression dynamic (progress is displayed and measured by completing itemized tasks).
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Evidence is growing that games are an effective  
way to learn. Compared with traditional learning, 
game-based learning may:

Rewards and competition are an integral part of any game. In medical education, 

multiplayer online games can help physicians collaborate or compete with their peers  

in clinical environments with the goal of improving a skill. People, particularly healthcare 

professionals, like being good at tasks and enjoy learning and demonstrating  

their improvements. 

Increase  
self-confidence 
and enhance practical  
knowledge by up to

Improve 
retention 

of learned 
content by

20%

Generate up to

more completed 
tasks

300%

Improve 
conceptual 

knowledge by

11%

90%

SItzmann T. A Meta-analytical examination of the instructional effectiveness of computer-based simulation games. 

Pers Psychol. 2011;64:489-528.
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Analytics
It is estimated that over 24 million mixed reality devices will be sold in 2018. It is also 

expected that gamification will have significant adoption by 2020, particularly in light of 

the inexpensive nature of mixed reality devices like the Google Cardboard.21

The data support that gamification can be used to help keep healthcare professionals 

current on medical best practices, ultimately improving patient care. Gamification 

allows complex information and training to be learned in a safe environment.

Analytics within a game allow instructors to determine which actions/diagnostics were 

most commonly used on specific patients and to identify common mistakes made by 

the learner. These common mistakes can then be addressed with additional feedback 

either built into the game or through other teaching methods. Analytics also have the 

potential to correlate improvements in learner knowledge and skill with improvements 

in patient outcomes and mortality rates.18

Interestingly, analytics also help engage the learner. One study demonstrated that the 

use of a leaderboard (scoreboard showing names and current scores of competitors) 

led to students interacting with their project 29.61 more times, on average, than 

those in a control condition.22 Competition and education are intimately related. 

Competition was used historically to enable people to practice their abilities, hone their 

skills and encourage the solution of problems (both practical and theoretical)—all key 

elements of learning. Competition challenges the participant to give their best and, 

importantly, to seek creative paths or solutions to achieve desired results. Competition 

has also been shown to provide motivation, as the participant is provided with 

feedback that may be incorporated into their learning and strategy to better  

accomplish the goal.23

Analytics help 

identify common 

mistakes and guide 

improvements to 

clinical practice.
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Summary
To develop mastery, students must acquire knowledge and component skills, practice 

integrating this knowledge and, most importantly, understand when to apply what they 

have learned.3 The demand for novel teaching methods that work in conjunction with 

blended learning is growing in our increasingly technical world, and it is expected that 

gamification, especially simulation, will be applied to more areas of knowledge.18

Gamification and simulation are about mastering skills and techniques, which develop 

into changed actions and behaviours.24 Good game-based learning should be tailored 

to each learner, permitting them to advance only if they have mastered a certain task. 

More importantly, as the game represents an active, realistic learning environment, 

the focus should be on learning, through consequences, to apply suitable knowledge 

at the appropriate time.3 The challenge with medical games is creating an engaging, 

enjoyable and educational experience that allows health professionals to gain skills to 

solve challenging patient cases.

Medical education games are now being seen as an effective tool to engage health 

professionals, to boost knowledge and skills, to optimize best practices, and to improve 

patient outcomes.17

Gamification is about 

mastering skills to 

change actions and 

behaviours.

Screenshots (from top): “CellTropolis” and Animal Cell from “Build-a-body.”



© 2017 INVIVO Communications Inc. All rights reserved.    9 SERIOUS GAMES: IMPROVING MEDICAL EDUCATION

References
1.   Diehl LA, Gordan PA, Esteves RZ, Coelho IC. Effectiveness of a serious game for medical 

education on insulin therapy: a pilot study. Arch Endocrinol Metab. 2015;59(5):470-473. 

doi:10.1590/2359-3997000000118.

2.   Levine SJ. The Challenge of Helping Adults Learn: Characteristics of Adult Learners & 

Implications For Teaching Technical Information. LearnerAssociates.net. http://www.

learnerassociates.net/workshop/adltlrn1.pdf. Published 2011. Accessed January 4, 2017.

3.   Trybus J. Game- Based Learning: What it is, Why it Works, and Where it’s Going. 

newmedia.org. http://www.newmedia.org/game-based-learning--what-it-is-why-it-

works-and-where-its-going.html. 2016:1-5.

4.   Pappas C. Top 5 Most Common eLearning Challenges And How To Overcome Them. 

https://elearningindustry.com/5-common-elearning-challenges-overcome. Published 

2014. Accessed January 4, 2017.

5.   EMANTRAS. Virtual Reality Gamification and How It Will Revolutionize Learning. Blog. 

http://emantras.us/virtual-reality-gamification-and-how-it-will-revolutionize-learning/. 

Accessed January 4, 2017.

6.   Cabrera D. It’s all fun and games until someone learns, then it’s education.  

International Clinician Educators Blog. https://icenetblog.royalcollege.ca/2015/12/18/its-

all-fun-and-games-until-someone-learns-then-its-education/. Published 2015. Accessed 

May 31, 2017.

7.   Akl EA, Kairouz VF, Sackett KM, Erdley WS, Mustafa RA, Fiander M, Gabriel C SH. 

Educational games for health professionals. (Review) Cochrane Database Syst Rev. 

2013;(3):3-5. doi:10.1002/14651858.CD006411.pub4.

8.   Kron FW, Gjerde CL, Sen A, Fetters MD. Medical student attitudes toward video games 

and related new media technologies in medical education. BMC Med Educ. 2010;10:50. 

doi:10.1186/1472-6920-10-50.

9.   Gee JP. What video games have to teach us about learning and literacy. Comput 

Entertain. 2003;1(1):20. doi:10.1145/950566.950595.

10.   Bryan RL, Kreuter MW, Brownson RC. Integrating adult learning principles into training 

for public health practice. Heal Promot Pr. 2009;10(4):557-563.

11.   Knosp B, Hamill G,  Corral J. Game-Based Learning in Medical Education. Published 

2013. https://www.aamc.org/download/326404/data/technologynowgame-

basedlearninginmedicaleducation.pdf.

12.   Freeman S, Eddy SL, McDonough M, et al. Active learning increases student 

performance in science, engineering, and mathematics. Proc Natl Acad Sci. 

2014;111(23):8410–8415. doi:10.1073/pnas.1319030111.

13.   Bonde MT, Makransky G, Wandall J, et al. Improving biotech education through gamified 

laboratory simulations. Nat Biotechnol. 2014;32(7):694-697. doi:10.1038/nbt.2955.

14.   Diehl LA, Souza RM, Alves JB, et al. InsuOnline, a serious game to teach insulin therapy 

to primary care physicians: Design of the game and a randomized controlled trial for 

educational validation. JMIR Res Protoc. 2013;2(1):e5. doi:10.2196/resprot.2431.

15.   Kerfoot BP, Armstrong EG, O’Sullivan PN. Interactive spaced-education to teach the 

physical examination: A randomized controlled trial. J Gen Intern Med. 2008;23(7):973-

978. doi:10.1007/s11606-008-0533-0.

16.   Kerfoot B. Learning Benefits of On-Line Spaced Education Persist for 2 Years. J Urol. 

2009;181(6):2671-2673.

17.   Kerfoot BP, Turchin A, Breydo E, Gagnon D, Conlin PR. An online spaced-education 

game among clinicians improves their patients’ time to blood pressure control: a 

randomized controlled trial. Circ Cardiovasc Qual Outcomes. 2014;7(3):468-474. 

doi:10.1161/CIRCOUTCOMES.113.000814.

18.   Tsui J, Lau J, Shieh L. Septris and SICKO: Implementing and Using Learning Analytics 

and Gamification in Medical Education. Educ Rev. 2014;(March):1-7.

19.   Lateef F. Simulation-based learning: Just like the real thing. J Emerg Trauma Shock. 

2010;3(4):348-352. doi:10.4103/0974-2700.70743.

20.   SItzmann T. A Meta-analytical examination of the instructional effectiveness of 

computer-based simulation games. Pers Psychol. 2011;64:489-528.

21.   CCS Insight. Augmented and Virtual Reality Devices to Become a $4 Billion-Plus 

Business in Three Years. CCS Insight. http://www.ccsinsight.com/press/company-

news/2251-augmented-and-virtual-reality-devices-to-become-a-4-billion-plus-business-

in-three-years. Published 2017. Accessed January 4, 2017.

22.   Landers RN, Landers AK. An empirical test of the theory of gamified learning: The 

effect of leaderboards on time-on-task and academic performance. Simul & Gaming. 

2014;45(6):769-785. doi:10.1177/1046878114563662.

23.   Verhoeff T. The Role of Competitions in Education. http://olympiads.win.tue.nl/ioi/ioi97/

ffutwrld/competit.html. Published 1997. Accessed March 15, 2017.

24.   Konge L, Lonn L. Simulation-based training of surgical skills. Perspect Med Educ. 

2016;5(1):3-4. doi:10.1007/s40037-016-0251-y.


