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Abstract

This paper outlines the design, development, and
implementation of the computer-based simulation
based on situated learning framework for teaching
facilities management in relation to water recycling
and fire safety in buildings.

Many educators have adopted situated
learning theory as a framework for computerbased simulations. Based on this theory, learning is
continuously under construction while the student
explores and experiences authentic activities in an
authentic context. Computer-based simulation is
one of the ways that can provide students with an
interactive and intuitive learning environment.
With authentic learning scenarios, students are
able to fully immerse themselves in a rich learning
environment, where they can apply their
knowledge and develop competencies such as selfdirected learning, problem-solving, and the
opportunity to transform abstract knowledge to
concrete experiences.

Keywords: Computer-based simulation, courseware,
situated learning.
Introduction
Computer-based
simulation
provides
an
interactive and intuitive learning environment (Sun et
al., 2003; Ku & Chang, 2013). It engages students and
allows them to create new knowledge (Zigic &
Lemckert, 2007). It provides a rich learning
experience if it is situated in an authentic context
(Taylor & Disinger, 1997; Tarng et al., 2010; Smetana
& Bell, 2011). Immersing students in an authentic
context through scenario enhance their problemsolving skills and abilities (Carrol, 2000; Dharmappa
et al., 2000). Students can attempt multiple real life
scenarios in authentic situations without fear of
making mistakes (Dharmappa et al., 2000; Gaba,
2007). They formulate a hypothesis about the possible
cause of problem while considering various
assumptions and propose a solution (Eichler et al.,
2005; Ramasundaram et al., 2005). Discovery, finding
and creation through real life scenario enable them to
develop and apply their knowledge (Burner, 1986;
Brown et al., 1989; Zigic & Lemckert, 2007). It
facilitates the transformation of abstract knowledge to
concrete experiences (Tsai & Lee, 2004;
Ramasundaram et al., 2005). It impacts their higherorder cognitive skills (Renshaw & Taylor, 2000) and
improves their skills relating to the analysis such as
decision making (Ramasundaram et al., 2005).
Many educators have adopted situated learning
theory as a framework for computer-based simulations
(Brown et al., 1989, Collins & Brown, 1988; Collins
et al., 1989; Herrington & Olivier, 2000a,b; Tarng et
al., 2010; Zurita et al., 2014). It is built on Bandura’s

At Ngee Ann Polytechnic (NP), the School of Design
& Environment (DE) has created the opportunity
for students to experience purposefully designed
computer-based simulation in two of their
diplomas - Diploma in Sustainable Urban Design
and Engineering (SDE) and Diploma in Hotel and
Leisure Facilities Management (HLFM). These
diplomas offer the modules “Water Reclamation
Technology” and “Fire Safety Management”
which use a simulation courseware for part of their
curriculum. This courseware was developed in
2015 and designed to create situated experiences
that emphasize realistic learning. This customized
and domain specific 3D computer simulation
mimics a virtual shopping mall and real-world
situations that can take place while managing
commercial buildings. Students will have the
opportunity to explore the simulated environment
and learn to solve the realistic problems presented.
As the courseware is available online, students will
also have the flexibility to learn at their own pace
and time, allowing them more opportunities to
practice their problem solving and crucial thinking
skills. even outside the time-tabled hours.
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social learning theory, Vygotsky’s constructivism
theory and Dewey and Kolb’s experiential learning.
Situated learning refers to a learning process during
which the student interacts with a constructed context
and knowledge is the product of this interaction (Ku &
Chang, 2013). Learning is continuously under
construction while the student is exploring and
experiencing through authentic activities in the
authentic context (Bell et al., 2013). Situated learning
engages and motivates the student to reflect on the real
life scenarios (Neorman & Spohrer, 1996; Zigic &
Lemckert, 2007). Students reflect on the whole
learning experience; exploring, hypothesising, testing
and proposing a solution to the problem.
Situated learning theory has a comprehensive
framework with nine elements (Collins et al., 1989;
McLellan, 1991) which are: authentic context (E1),
authentic activities (E2), access to expert
performances (E3), multiple roles and perspectives
(E4), collaborative construction of knowledge (E5),
reflection (E6), articulation (E7), coaching and
scaffolding (E8) and authentic assessment (E9).
This paper outlines the process of the
development and implementation plan of a computerbased simulation based on E1, E2, and E6. These three
are selected as they align with the intended course
objective which is “To develop creative and critical
thinking skills and their application to real life
problem solving and decision making situations”. This
objective is common for both Sustainable Urban
Design and Engineering (SDE) and Hotel and Leisure
Facilities Management (HLFM) diploma courses in
NP’s School of Design & Environment. These
diplomas offer the modules “Water Reclamation
Technology” and “Fire Safety Management”,
respectively which use the computer-based simulation
for part of their curriculum.

Table 1. Mapping the courseware with situated
learning theory framework
Situated Learning
Designed Courseware
Theory
(E1) Authentic context
It reflects how
Context is about real
knowledge is used
world problems that
in a complex real
student might face in the
life situation (Brown workplace in relation to
et al., 1989).
water reclamation
facilities and fire safety
management in buildings.
(E2) Authentic activities
It provides activities Students have to solve real
that are similar with
world problems through
real world problems; the simulated scenarios the
vague and complex
way the real engineer do.
(Brown et al., 1989).
(E6) Reflection
It promotes
Students reflect through
reflection which
the blogs on what they
subsequently
have experienced,
enables formation of observed and learned on
ideas (Brown et al.,
broader base. This will
1989).
engage them in higherorder thinking.
Table 2. Alignment of intended learning objectives
with situated learning elements
Learning objectives
1. To explore & manipulate water
systems in commercial buildings
2. To observe & learn different
essential components of water systems
and fire-fighting systems
3. To visualize inter-relationship
between various components in water
systems and fire-fighting systems
4. To develop diagnostic & problemsolving capabilities
5. To develop critical thinking skills

Courseware Design
A customized and domain specific 3D courseware was
created in 2015. This courseware was designed to
simulate processes that occur during real life situations
at commercial buildings. The courseware has been
mapped to with situated learning framework as shown
in Table 1.

Element
E1, E2

E2, E6

Virtual Walkabout and Guided Tours for Fire Safety
Management:
Creating a virtual environment within the
courseware allows the user to experience a real world
setting of a typical shopping mall. The walkabout
provides an intuitive and realistic visualization of the
various fire protection systems from the perspective of
a person walking through the building with the use of
a highlighted navigator. It allows the user to visit the

Multiple interactivity functions were simulated in
a virtual shopping mall for Water Reclamation
Technology module and in a virtual hotel for the Fire
Safety Management module. The courseware was
designed according to intended learning objectives for
both modules (Table 2).
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high-risk areas such as kitchens, even use the
escalators to visit every floor of the building and
inspect the fire safety appliances such as the portable
fire extinguishers and hose reel systems (Figure 1).

pictures and provide students with a more realistic
experience.
Scenarios for Water Reclamation Technology:
Simulations of a variety of learning mechanisms
have been created through scenarios. In Scenario 1,
students can select from any of 4 categories of real life
problem sets and then a subset learning scenario will
be shown. For example a problem will pop-up as
“controller LED light is on, water is running, but the
pump is off” (Figure 3). Students are then required to
explore virtually the possible cause of this problem
and then troubleshoot the problem.

Figure 1. Scene of shopping mall during walkabout
In each guided tour, the user can explore the entire
fire protection system by tracking each individual
component of the system and study how one
component interacts with the next. At each system
component, the user learns by means of a guide in the
form of an instructor-explained script which will
appear to describe its purpose and function.
Figure 3. Screenshot of scenario 1

Virtual Walkabout and Guided Tours for Water
Reclamation Technology:
3D animations of objects (pumps, pipes, tanks,
valves) and graphical representation of processes
(water treatment) are included in the scenario. During
animated tour, functions of various components are
highlighted, explaining their purposes and principles
(Figure 2).

In Scenario 2, they learn the influence of water
quality parameters on the treatment efficiency by
applying it to solve a real life scenario which is
discoloration of sanitary appliances in the shopping
mall. Students explore and investigate cause-effect
relationships between water quality parameters (pH,
conductivity, chlorine) and efficiency of the water
treatment process. They can also change one of the
parameters and observe its effect on the treatment
process (Figure 4).

Figure 2. Screenshot of the guided tour
The guided tour allows students to visualize how
the internal workings of the facilities which they
would otherwise not be able to visualize. The
simulations are more interactive than videos or

Figure 4. Screenshot of scenario 2
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Scenario 3 includes 16 real life cases on greywater
recycling options. In this scenario, students learn that
the sources and intended recycling option of greywater
will influence the selection of its treatment process.
For each case, two sets of information are provided to
students; sources of greywater (e.g. laundry, kitchen
sink) and intended recycling use (e.g. flushing toilet).
Students are then required to choose suitable treatment
process (Figure 5). Students must complete each case
before they can move on to the next case.

inexperienced student to co-ordinate a fire outbreak.
However, as part of the modules, students will have to
learn how to do so effectively
In teaching fire emergency management,
simulation of virtual reality scenarios allows the
learners to be immersed in the handling of fire
outbreak situations, which was not possible previously
when students were asked to remember the procedures
off a handbook with few opportunities for practice.
The objective here is for the students to manage the
emergency situation starting from the moment a fire
alarm signal is received at the Main Fire Alarm Panel
in the Fire Command Centre. The students will be
assessed for the appropriateness of each step taken as
they attempt to protect the safety of the building
occupants by bringing the emergency situation under
control.
In this virtual reality environment, students are
allowed to practice their response to the emergency
situation which will include how they communicate
and co-ordinate with their team, evaluation of the
emergency situation and adopt the correct responses
based on their knowledge of the appropriate
procedures to follow. These anticipated actions taken
by the student will probably be near to what he will
take in a real emergency and the learning is more
enriching than one where his responses are evoked
from a passive learning environment.

Figure 5. Screenshot of scenario 3
Students are required to submit reflection journal
for each scenario. The journals are assessed to evaluate
their learning after completing all the tasks in the
courseware.
When the students go through the scenarios, they
will not only be required to find solution based on their
knowledge but also to take into account other factors
that may influence their decision, Hence the scenarios
not only allow them to put learning into practice but
also to hone other skills e.g. critical thinking,
observations, decision making skills that would enable
them to come out with the best solution for the context.
These are experiences that students would not be able
to have if they were only to solve problems “on paper”,
and they would also not be able to hone practical work
skills without the contextualisation and visualisation
provided by the scenarios.
Furthermore, all these scenarios scaffold learners
to learn and develop their workplace competencies of
an Environmental Engineer working through
increasingly complex scenarios.

Scenarios for Fire Safety Management
At the beginning of each scenario, the Fire Safety
Manager will be welcomed to the Fire Command
Centre (Figure 6) which is designed to mimic the
actual centre with the appropriate systems such as
Main Fire Alarm Panel, closed-circuit television
screens (Figure 7) and systems to communicate with
the public, the Decentralized Alarm Monitoring
Station (DECAM) and the Singapore Civil Defence
Force (SCDF).

Virtual Simulation for Fire Safety Management:
The process of building up the competency of a
Fire Safety Manager can be complex and timeconsuming. It would be a difficult task even for a fire
safety practitioner to direct an emergency situation
when a fire breaks out in a building, let alone allow an

Figure 6. Screenshot of Fire Command Centre
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Students will be briefed about their role (e.g. Fire
Safety manager) in the virtual simulation and the
different scenarios that they are expected to participate
in. This can be a false alarm situation, a small-size fire,
medium-size fire or a large-size fire situation where
the scenario will be more complex and challenging.
Students will be assessed based on their performance
which is evaluated based on the number of errors
committed and the time is taken to complete the whole
exercise will be given at the end of each simulation in
the Summary of Assessment (Figure 8).

Stage 1 - Do it
The courseware was first implemented in April 2015
semester, over a week for Water Reclamation
Technology and throughout the entire semester for the
Fire Safety Management.
Stage 2 - What
Students’ opinions and perceptions on the
effectiveness of the courseware were measured with
the 4-point Likert scale. Students were sought to
provide feedback in terms of learning value and visual
design of the courseware through a questionnaire
presented in Table 4.
Table 4. Questionnaire used for the survey
Learning Value
Q1 It helped me understand the application of
topic.
Q2 It stretched my thinking.
Q3 It motivated my interest in the module.
Q4 Activities are appropriate & relevant to
real-life.
Visual Design
Q5 The text was easy to read.
Q6 The navigation was user-friendly.
Q7 The visuals helped my learning.
Q8 The instructions are clear.

Figure 7. Screenshot is taken from a CCTV monitor
showing a real time fire outbreak in the Kitchen

Stage 3 - So what
About 32 HLFM and 15 SDE students responded to
the survey. Results of the survey are presented in
Figure 9.
80
70

Figure 8. Screenshot of User’s Performance
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Evaluation of the Courseware

50
40

A framework based on Kolb’s experiential learning
cycle was used (Table 3) to evaluate the courseware.

30
20

Table 3. Evaluation framework
Kolb’s cycle
Do it
What
So what
Now what

10
0

Evaluation process
Courseware implementation
Analysis of students ‘opinion
(Survey)
Focus group with teaching team
Refine & improve based on the
outcomes from previous stages

Q1

Q2

Q3

Q4

Q5

Q6

Q7

Strongly Agree

Agree

Disagree

Strongly Disagree

Figure 9. Results of the survey
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In terms of learning value, the highest percentage
of students strongly agree that courseware helped them
to understand the application of topic (51%) and
activities are appropriate and relevant to real-life
(45%). While 32% and 22% of students strongly agree
that the courseware stretched their thinking and
motivated their interests, respectively.
As for visual design, the majority of students
strongly agreed that the visuals helped their learning
(51%) and the text was easy to read (49%). Fewer
students strongly agreed on the user-friendliness of the
navigation (26%) and clarity of the instruction (35%).
A selection of the students' comments provided
through the same survey is reproduced below:
▶
▶
▶
▶
▶

taxonomy levels) and breadth (knowledge, skill,
affective dimensions) of students’ learning (Saed
2016b).
The courseware will be shared with industry
partners to seek their feedback on the relevancy. The
courseware will also be re-developed into HTML 5,
thus making it independent from Unity 3D Web
Player. Audio guides for some of the learning
activities will be provided for better clarity.
Conclusion
Computer-based simulation provides students with
learning experiences that mirror the complexity of real
life contexts. This helps them to understand the
application of water technology and fire safety
knowledge and know-how to solve real-life problems
in a virtual environment, where they can practice,
make mistakes, and learn from them without worry of
committing errors.

Interactive
...helps to improve my learning and thinking
process about the topic. The animation makes the
entire learning curriculum fun and enjoyable.
The animation & video is quite clear to learn.
The animation and the navigation are quite good,
easy to understand and easy to use.
The simulation involves a lot of thinking which is
required during a real emergency. When a
mistake is made, we are not allowed to proceed
until the mistake is corrected.

Students are given increased opportunities to work on
real-world issues within a simulated context which
would allow students to practice the concepts taught in
the classrooms, while also building relevant
professional competencies such as communication,
teamwork, critical thinking etc. which requires
experience to develop.

Overall, about 37% and 61% of students strongly
agreed and agreed on the learning value of the
courseware, respectively. In terms of the visual design
of the courseware, 39% strongly agreed, and 53%
agreed.
The majority of students raised their concerns
about accessing the courseware through the VPN.
Slow-loading, blocked access to other internet
website, interruption with their wifi-connections were
among those reported by students. They also had
difficulties in downloading Unity 3D Web Player.
After taking account of all the comments by the
students, the teaching team decided to revise and make
the necessary changes.

The use of Computer based simulations has provided
students with a new platform for learning and new
experiences that would prepare them for their future
work.
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