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Background: As competition for specialty clinical placements increases, there is an urgent need to create safe,
stimulating, alternative learning environments for students.
Objective: To address that clinical gap, our team developed a virtual game-based simulation to help nursing stu-
dents develop their pediatric nursing skills.
Design: A usability study was conducted using the Technology Acceptance Model as a research framework.
Setting and Participants: The studywas conducted at a community college and included nursing students, nursing
faculty/clinicians and two gaming experts.
Methods: The two experts evaluated the game using a heuristic checklist after playing the game. Participants en-
gaged in a think-aloud activity while playing the game and completed a survey and interviewbased on the Tech-
nology Acceptance Model to explore ease of use and utility of the game.
Results:We found a highdegree of user satisfactionwith the game. Students reported that they had learned about
pediatric care, they had become immersed in the game and they were keen to keep playing. Several design
changes were recommended.
Conclusion: Usability testing is critical in the early stages of simulation development and the study provided use-
ful direction for the development team in the next stage of game development.
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1. Background

In recent years, there has been amarked decline in access for nursing
students in Canadian urban centres to acute care clinical placements,
particularly in specialty areas such as pediatrics. This challenge is not
confined to Canada, nor is it confined to nursing; it is a worldwide con-
cern that affects numerous disciplines (Niederhauser et al., 2012;
Poikela et al., 2015). There is an urgent need to create safe, stimulating
learning environments for nursing students so they can prepare for pro-
fessional practice. Within the last few years, two promising methods
that could provide high fidelity nursing experiences outside of clinical
settings have emerged: simulation in a laboratory and simulation
using a virtual serious game.

While simulation laboratories are now used extensively in nursing
programs and the benefits have been well documented (Wood &
McPhee, 2011; Pittiglio et al. 2012), they can be very resource demanding
in terms of faculty time, lab space and equipment (Gates et al., 2012).
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With increasing access to quality technology, faculty are now considering
web-based or virtual serious games for learning as a way to augment or
supplement learning done through laboratory simulation (Cant &
Cooper, 2014).

Virtual serious games are games accessed by computer where the
purpose is education or training rather than entertainment. They offer
a simulation of real-world eventswith gaming features such as identity,
where the users feel they are a character in the game and immersion,
meaning that the user feels engaged and motivated to succeed both
by the events in the game and their score (Annetta, 2010).

Interest in gaming to support learning is growing not only for practical
reasons but because games, by their verydesign, are fun; theypique inter-
est, encourage thinking and demand active involvement, all key compo-
nents of motivation and learning (Garris et al., 2002). Games, because
they make learning exciting and motivating, may increase students'
knowledge retention, problem-solving and critical thinking skills
(Cooper et al., 2015). They may also help the learner to explore what it
feels like to be a professional in action (Berragan, 2011). Much of the lit-
erature describes the use of avatar-based simulations; our team was in-
terested in addressing the clinical gap in pediatric education with an
online gameusing actors or standardized patients.Wewere keen to iden-
tify the right mix of design components to develop a game that would be
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both realistic, fun and engaging and where learning outcomes would be
achieved.
2. The Game

To augment the clinical learning experience andhelp nursing students
and new graduates develop their pediatric nursing skills, our team devel-
oped a virtual game-based simulation. The development team included
nursing faculty, pediatric nurses and instructional designers. The team
used a five phase framework to develop the game (Huang, 2005) that in-
cluded identifying the educational need, conceptualizing the need into
learning outcomes, scenario and technology development, usability test-
ing and revision. Themain designwas simulation and self-testing howev-
er, it also included game features such as immersion, by casting the user
as a main character, and challenge; participants were scored based on
their decision-making.

The team started by mapping out the normal post-operative trajec-
tory for a pediatric patient and then cross-matched the story line to
the Canadian Nurses Association Registered Nurses Entry to Practice
Competencies. This link to nursing practice standards or norms builds
social identity, a key component in learning (Gee, 2008).

The development team recognized that the game should not simply
be a fun activity, it had to be integrated into the curriculum and a good
fit with our program's constructivist pedagogy. Development was guid-
ed by constructivist/experiential learning theory and research on learn-
ing and technology which suggests that learning takes place when the
learner struggleswith a situation and engages in active experimentation
(Kolb, 2014; Kolb et al., 2015) and where learning is context-specific
and self regulated (Chambers, Thiekotter & Chambers, 2013). The
game environment is highly realistic and supports ‘situated learning’
(Brown et al., 1989) which is critical in preparing nursing students for
the complex world of practice (Pagnacia, 2015). The game consists of
17 short video vignettes that portray nurse, client and family interac-
tions in the context of a nine year old child's post-operative appendec-
tomy experience. Standardized patients play the child and his mother.
The game begins with the recovery room nurse giving report on the
child to another nurse. Once that video exchange is completed students
are faced with their first decision-making point. The students watch
three or four brief videos, all outlining a possible decision they, as the
nurse could make, and then select the video that reflects the best re-
sponse. It is important to note that the game is not structured to make
content explicit but rather to help learners build their identity and skills
as pediatric nurses (Gee, 2008). Kolb's theory was applied in the game
design: aware that young adults are graphically orientated, visual
learnerswho are used to themultimediaworldwhere they have the op-
tion to try something multiple times until they are successful (Yoder &
Terhorst, 2012), the game is entirely audio-visual and students can
make numerous attempts at resolving the situation.
Once the students made their choice, they received an immediate
video or text response regarding their decisionwith rationale and refer-
ence to the appropriate competencies for Registered Nurses. Students
who selected an incorrect option were given reflective questions to
ponder, supporting Kolb's (1984) reflective observation component of
transforming experience. There were 17 decision making video scenar-
ios and students made decisions regarding best practices for a post-
operative assessment, respiratory assessment, pain assessment, drug
calculation and IV therapy drip rate, communicating with an anxious
parent, the use of distraction in pain relief and other nursing skills/situ-
ations related to pediatric care.

Because the game was new, a usability test was conducted to give
the development team feedback on the ease of use and the usefulness
of the game in order to create a user-friendly product that achieved
learning outcomes. Usability testing is an essential step in any type of
simulation development to identify and remove barriers to the users'
experience. Users who resemble the target population evaluate the
product against a set of usability criteria (Rubin et al., 2008). The frame-
work underpinning the usability study was the Technology Acceptance
Model (TAM). The TAM is a long-standing model originally developed
byDavis (1989) and based onAjzen and Fishbein's (1980) theory of rea-
soned action which has been used in numerous earlier studies to de-
scribe human behavior in health care.

Two principle variables identified in the original TAMmodel are per-
ceived usefulness and perceived ease of use. These variables were identi-
fied as likely to play a major role in users' acceptance or uptake of a
particular technology. While Davis and his colleagues (2006) have
since modified the model and identified several other variables that in-
fluence uptake, the team decided to focus the usability test the two key
original TAM variables. Perceived ease of use is defined in this study as
the degree to which a person finds a particular technology easy or sim-
ple to use and Perceived usefulness is defined byDavis (1989) as, “the de-
gree to which a person believes that using a particular system would
enhance his or her job performance.” With the TAMmodel as a frame-
work, we followed a two-stage usability testing process developed
and used in earlier studies (Nahm et al., 2004; Tullis & Albert, 2008).

3. Ethics

The study was approved by all participating sites' ethics review
boards. Participants provided informed consent for the study.

4. Methods

4.1. Stage 1: Heuristic Expert Usability Test

Two expert game developers who were familiar with industry best
practices in user game interface design were invited to evaluate the
gameusing a set of rules developed byNielson (1994) that have become
industry standard. They played the game and, using a checklist, identi-
fied any possible difficulties that users might have with the interface
and recommended design improvements. Among the design features
that the experts examined were: the match between system and the
real world, user control and freedom, flexibility and efficiency of the
game. Changes were made to make the game more user-friendly after
receiving input from the experts.

4.2. Stage 2: User Usability Test

Using convenience sampling, nursing students and faculty with pe-
diatric nursing experience were invited to test the game. We recruited
a sample of six students and five nurses. Usability studies typically in-
volve five to seven participants. Rubin et al. (2008) note thatmost prob-
lems will be revealed after four participants are tested. An established
process, using three methods to collect data was used (Nahm, 2004).
The first method was the ‘think aloud’ approach where participants
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share their thoughts as they play the game. Participants were tested in a
one-to-one setting, at a computer and invited to play the game and to
share their thoughts as they worked through it. Researchers, using a
checklist, recorded their comments and progress through the game not-
ing where participants became confused or misdirected.

When they finished the testing, the participants completed the Pedi-
atric Clinical Simulation Survey. The survey consists of four demograph-
ic items and 16 items that measured ease of use and usefulness of the
exercise simulation application using afive point Likert scale to respond.
The survey was developed by the research team and was based on ear-
lier usability testing we had conducted, the TAM framework and the us-
ability literature. Evidence for the validity and reliability of the items on
the survey have been reported previously (Atack et al., 2011). The third
data collection method was a short semi-structured interview where
participants described their reaction to the game and discussed any
problems, the impact on their learning and their recommendations to
improve the game.

4.3. Data Analysis

The expert checklists and the think aloud checklists were tran-
scribed and coded for major themes. The survey data were analyzed
using descriptive statistics using SPSS version 21. The interviews were
taped and transcribed. A content analysis was completed and two re-
searchers compared the major themes that were identified.

5. Results

5.1. Expert Testing

The two experts were largely in agreement in their game evaluation.
The consensus was that the simulation flowed well, was largely error-
free and fun to play. Two major recommendations were made. The
first was the need for more navigation options such as ‘forward’ and
‘back’. The second was to provide the user with more information at
the start about what to expect in terms of how the simulation proceeds,
how to make decision choices and telling students that they will be
scored. They also recommendedmaking the response option video but-
tons more distinct from the actual decision selection buttons.

5.2. User Testing

Six students and five nurses participated in the user testing. All par-
ticipants were women. Their ages ranged from the 20 to 60 age groups;
themajority (n=6)were aged 20 to 25. Video game experience varied
widely among the participants. Three (27%) reported that they never
played video games, six (54.5%) said they played occasionally and two
(18.2%) said they played frequently.

5.3. Think Aloud/Participant Observation

5.3.1. Starting the Game
The participants watched the first video, a scenewhere the recovery

room nurse gives a post-operative report to the unit nurse. Some stu-
dents indicated that that was a lot of information to take in at once,
practicing nurses/faculty appeared to process it without difficulty.
When proceeding to the next step, where users weremeant to play var-
ious video response options and then decide on the best course of ac-
tion, several selected the incorrect button and made their choice,
without viewing all the option videos first. Most quickly recognized
their error. Some were frustrated that they could not go back and cor-
rect their error.

5.3.2. Playing the Game
For the most part this process went smoothly, however, some users

asked, “So what are they asking us about here?”; they wanted more
direction about the decision they were expected to make. Occasionally,
lengthy text appeared on the screen and forwarded to the next screen
too quickly for the user to read in its entirety. Some participants
questioned how much time had passed in terms of post-operative
days. Others wondered aloud about the vital signs and bowel sound
norms for a ten year old child and the most age-appropriate pain
scale. Most participants took time to carefully review their decision op-
tions. Getting the right answer appeared important. They reported that
getting feedback onwhich entry to practice competencies they hadmet
was helpful.

The game flowed smoothly for most users once they were past the
first two decision points without user errors. On the technical side, the
game did freeze on three occasions. Several content-related recommen-
dations were made, particularly by the practicing nurses who wanted
more detailed, complex patient information to guide their decision
making; some recommended adding more challenging decision points.

All participants appeared engaged. Although only required to play
for 40 min, several, when time permitted, opted to play the entire
game, they did not want to stop. One student remarked, “I want to see
what happens”. Some gave a quiet cheer or exclaimed “yes!” when
they made a correct decision. All participants received a score at the
end but wanted their score put into context, in other words, reported
as a percentage of decisions correctly made.

5.4. Pediatric Clinical Simulation Survey

Themean score for the total Pediatric Clinical Simulation Surveywas
70.1 (SD 4.49) out of a possible 80 or 87.6/100 and results ranged from
63 or 78.7/100 to 77 or 96.2/100. The oldest user (aged 51–55) had the
lowest total score largely because she rated the items, The text informa-
tion presented on the screen was easy to read and The visual quality of the
video was good low.

The mean score for all items on the Ease of Use Scale was 3.7 or
higher; most items had a score of 4 or more (maximum score is 5).
Mean scores for the items on the Usefulness subscale were all 4.2 or
higher (Table 1). All participants thought the game was fun and that it
would prepare them for clinical practice in pediatrics. Eight (73%)
agreed that the game helped their assessment skills. The item, “I found
it easy to know what to do at each stage of the simulation” received the
lowest score, 3.7. The Cronbach alpha was 0.70 for the Ease of Use sub-
scale and 0.74 for the Usefulness subscale.

5.5. Interviews

There was considerable overlap in the information provided by the
nursing students and pediatric nurses/faculty; those themes are report-
ed together and any differences are noted.

All nursing students reported that the gamewas fun and interesting,
that they had felt motivated to continue playing. One student noted,
“You wanted to see how it would unfold. It's like a story and you're part
[of it], you are actually living the story. The decisions you make help you
to know how to move things forward…”. Another noted, “I got to do it at
my own time and pace and at the same time, as I kept playing the game, I
felt like I was getting better at thinking.” The feeling of being immersed
gave the game an advantage over written case studies. “I don't know
what it is about it [the game] but it's just powerful, how it relates to you. I
feel like it's a better tool for learning, for applying theory and practical
knowledge”. Another student commented that while written case stud-
ies are useful for learning, the video is as well and it's “more fun”.

The participants also noted that the pediatric situation felt ‘real’. “I
don't know if that was a real situation or if they were actors, but it was so
real.…in the last thirty minutes I learned so much about communicating”.
They found the feedbackuseful and said it had beenhelpful to seewhich
practice competency they had been successful with and where they
needed to learn more. They reported that it was helpful to see how a
particular situation contributed to professional practice. The students



Table 1
Pediatric Clinical Simulation Survey: mean scores and standard deviation.

Survey item: maximum score: 5 Mean (SD)

Ease of use
It was easy to learn how to use the pediatric simulation 4.2 (0.64)
The text information presented on the screen was clear 4.4 (0.52)
The text information presented on the screen was easy to read 4.0 (1.0)
It was easy to know what to do at each stage of the simulation 3.7 (0.78)
I didn't have any technical problems using the simulation 3.8 (1.1)
The visual quality of the video was good 4.6 (0.92)
It was fun using this simulation 4.9 (0.30)
The pace of the ‘action’ was good 4.3 (0.67)
The audio quality of the video was good 4.8 (0.40)

Usefulness
I think the simulation will help students prepare for clinical practice 4.8 (0.40)
I think the simulation helped me develop my communication skills 4.3 (0.67)
The pediatric simulation will be a useful addition to clinical
experience for students and staff

4.9 (0.30)

I think the simulation improved my knowledge of age-appropriate
pain management skills

4.5 (0.68)

The simulation helped me develop my assessment skills 4.2 (0.90)
I think the simulation helped me develop my ability to prioritize care 4.6 (0.50)
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noted that the game would be helpful in programs where there were
limited pediatric opportunities, that it helped them to transfer theory
into a practice setting andwould help them to prepare for their registra-
tion exams. The nurses/faculty felt it could be useful for theory applica-
tion in the classroom and as preparation for clinical, exams or as a
refresher for a medical surgical nurse new to pediatrics.

As a learning strategy, one student said it could notmatch the hands-
on experience of the traditional simulation lab, however, another
commented that she preferred this way of learning as she was able to
reflect. She noted, “…I think that students get really worked up in lab sim-
ulations because you don't have choices and you know that someone's
watching you and it's hard for you to really think in that setting”. Others
commented that they liked being able to learn at their own pace. Faculty
were similarly enthusiastic with the exception of one or two who re-
ported that they were a bit ‘nervous’ playing the game. One nurse said
she was more comfortable doing things on paper. They felt it would re-
ally help students with decision-making and prioritizing in pediatric
care.

5.6. Recommendations

Recommendations were compiled from the expert testing, the
think-aloud sessions, interviews and surveys and included:

5.7. Content

– If delivering a lot of information by video, add a visual to help the
learner make note of the information. Advise the learner to get a
pen and paper handy for note taking and calculation work.

– Consider adding more information on pediatric/post-operative
norms on the feedback page for certain decisions such as vital
signs, bowel sounds and respiratory norms. This would be a good
opportunity to reinforce that content.

– Provide rationale not only for the correct answer but also explain
why other responses were not appropriate.

5.8. Technical

– Make the video options and video decision buttons more clear/dis-
tinct. Add an instruction page at the start of the game that explains
the process.
– Preface each decision making point with the appropriate question.
For example: What is the best pain assessment tool for a child who
is Sasha's age?

– Make all text self-paced so the learner controls the rate of reading.
– Add a clock so the student knows how much time has passed post-

operatively.
– Clarify how points are accumulated and what the final score means.
– Consider adding a video bar so users can see where they are in the

video if they only want to replay part of it.

6. Discussion

Increasingly, educators are turning to simulation activities to sup-
port clinical skill development. (Motola et al., 2013). If educators can
identify and implement those aspects of computer games that motivate
students and encourage learning, their impact on achieving learning
outcomes would be increased (Garris et al., 2002). The Pediatric Clinical
game-based simulation is a hybrid of simulation and game. The main
design is simulation and testing however, there are game components
such as immersion and scoring which act as powerful motivators to
keep playing (Kapp, 2012). The simple user interface, the highly realistic
situation and evidence-based content contributed to the users' percep-
tion of the game as a trustworthy knowledge source (Despotakis et al.,
2007).

We learned that students and nurses found that the very realistic
portrayal of the child's post-operative experience helped to immerse
them in the game and made them want to finish and do well. The
game's authenticity can be attributed to having clinical nurses and
nurse educators on the design team, a findingwhich has been identified
in earlier research (Guise et al., 2012). Participants also told us that the
simulation would be enhanced by incorporating more gaming compo-
nents such as different levels of challenge and complexity.While adding
those features will increase the cost of game development, those costs
are not high andwould result in amore powerful game-like experience.
Developing a high fidelity game is not inexpensive, however, it is a one-
time cost after which the game can easily be distributed across institu-
tions, used in a classroom or as self-study as often as needed, at a time
convenient to students and faculty (Lau, 2014). Because the develop-
ment cost is considerable it is important to ‘get it right’; applying the
principles of learning theory during the game development process is
essential and game developers are encouraged to read widely and ex-
plore emerging theory. Usability testing is also critical; the systematic
process we followed in this study provided valuable objective and sub-
jective data on the users' experiences. The Technology Acceptance
Model was useful; feedback suggested that features of the simulation
related to the variable, ‘perceived ease of use,’ need further work albeit
of a fairly minor nature. Regarding the variable, ‘perceived usefulness’,
the majority of participants were very enthusiastic about the
simulation's potential to improve different components of their pediat-
ric nursing skills /competencies and that the gamewill be a useful addi-
tion to current clinical placements and pediatric curriculum. Faculty
plan to use the game in numerous ways: as an adjunct to means to aug-
ment clinical practice, as a self-study tool for students to prepare for
program and registration exams, and in conjunction with existing cur-
riculum, as an in-class learning activity. It is critical that games are not
simply used as ‘add ons’; they should be integrated into the curriculum
and part of a structured pedagogical approach for the program.

6.1. Limitations

Ideally, the game would have been tested with some male students
or faculty.Wewould also have liked to have acted on the feedback from
this study,made changes and conducted a further round of testing how-
ever, we were constrained by time and budget. Future research is
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needed to compare learning outcomes in students who build pediatric
knowledge using the game in comparison with those who learn in the
traditional simulation laboratory. The recommendations arising from
this study will be implemented in the final version of the game and a
full scale study evaluating learning outcomes and learner satisfaction
is planned.

7. Conclusion

A usability test conducted to explore users' experiences with a virtu-
al game-based pediatric simulation identified design issues that will
provide direction for the technology development team in the next
stage of product development and for health educators interested in
using technology to promote learning.
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