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ABSTRACT

While there ae numerous types of dedronic leaning
environments including collaboratories, construction
todkits, systems with “scaffolding” and simulations, it is
difficult to find authoring tods to huild these systems. We
have developed an applicaion framework for constructing
simulation-based leaning environments called SimPLE
(Smulated Processes in a Learning Environment).
Environments developed with SmPLE use dynamic
simulations and visualizations to represent realistic time-
dependent behavior and are wupled with gudance material
and other software ads that facilitate leaning. The
software achitedure enables independent contributions
from developers representing educaiona content (e.g.,
simulation models, guidance materials) and software
development (e.g., user interface). We provide a user
interface template and accompanying software aids to
reducethe software devel opment effort.

KEYWORDS: Simulation, education,
environments, authoringtod, software engineaing

leaning

INTRODUCTION

Traditiondly, the focus of educationa curricula has been
on content and its delivery (i.e., subjeds are broken down
into smaller, more manageable subtopics and taught in the
clasgoom). Today there is a strong movement toward
“learner-centered education” which focuses on the needs of
the leaner [10]. While the success of “learner-centered
education” does not rely on technology, eledronic leaning
environments serve as a powerful catalyst for change.
These environmentsinclude;

e collaboratories that facilitate group communicaion
(3112,

e congruction todkits that teach design and modeing
skill s[4][ 7],

e systems with “scaffolding” that allow learners to start
simple and build complexity [11][ 13][14], and

e smulationsthat support “leaning by doing” [2][6][ 8].

Simulation environments are powerful leaning tods that
encourage eploration by allowing leaners to manipulate
parameters and visualize results. In academic settings, they
are used to enhance ledures, supplement labs, and engage
students. In the workplace, they are @st-€effedive training
mechanisms. There ae two basic groups of smulators:
inanimate (off-line) and live (on-ling, red-time) [9].
Inanimate simulators are used to evaluate @mplex
equations and models. They do not simulate real-time
operations of physical systems © user interaction is
limited. However, live simulators are highly interactive.
They closely resemble the physical system while allowing
leaners to explore situations not possble with the actual
system. We have developed an applicaion framework for
constructing live simulation-based leaning environments
cdled SMPLE (Smulated Proceses in a Leaning
Environment).

Most commercial smulation packages (e.g., Excd, Matlab,
and VisSm™) are built to hande a variety of situations ©
they provide generic user interfaces that require modest
training. While these packages are very useful for creating
simulations for a variety of domains, the emphasis of an
effedive learning environment must be on the ncept
being taught, not on leaning how to use awother tod.
SMPLE pairs the power and flexibility of a generic
simulation package with the advantage of a custom front
end.

Learning environments developed with SmPLE use
dynamic simulations and visudizations to represent
redistic time-dependent behavior and are wupled with
guidance material and ather software ads that facilitate
leaning. The software achitedure alows independent
contributions by developers representing educationa
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Figure 1. ClusterSim for teaching advanced cluster tool
processing for semiconductor manufacturing

content and software development. This adlows the
educational content (e.g., simulation models and guidance
materials) to be developed by the educators who have the
domain knowledge. Using the user interface template
provided and several software ads, SmPLE allows custom
front endsto ke aeated quickly and with minimal coding.
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Inour initid efforts, threeleaning environments have been
created: ClusterSim and VacTechSim for leaning about
semiconductor manufacturing, and NileSim for leaning
about the hydrology of the Nile (al are available for
download from http://www.isr.umd.edwWSImPLE/).

Semiconductor Fabrication Examples

The semiconductor manufacturing and associated
equipment industries face a citical shortage of skill ed
workers and a staggering challenge in the elucation and
training o new personnd. Using SmMPLE, we have
developed two modules with associated guidance material:
ClusterSim, for teaching advanced cluster tod processng
(Figure 1) and VacTechSim, for leaning about vacuum and
gas flow technology (Figure 2). Potential users include
graduate students, operators, and practicing enginee's.

Learners can open vaves, stat pumps, and change
temperatures and otserve the dfects on parameters, like
silicon deposition and chamber presaure. They can aso
read guidance materia, perform sdeded exercises,
highlight simulator objects, and send mail to educators.
Advancead leaners can view the detailed simulation logic
running in the background. Both systems are arrently
being evaluated in academic and industria settings.
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Figure 2. VacTechSim for
learning the basic principles
of vacuum pump technology
as needed for semiconductor
manufacturing

Approx. T 2 seconds

Hestart | Continue|  Stop SIMULATION IS RUNNING

Send Print
Email

Display
Options

auit |

Guidance

Guidance | Simulation Parametersl Developer Kitl

Goalzs Exercises

[

Using the system

Pump svystem introduction
Pumpdovyn using:

* mech pump throudh bypass
* mech pump throudh turba

* mech and turbo pumps
*turbo pump svs and bypass
Wenting chamber to atm
System design and analysis
Glogsary

References

the vacuum lines:
o Start/restart the simulator (stop if already running).
o Turn on the mechanical purnp .

Exercise 1: Pump down vacuum lines to the two cutoff valves.
Knowing the basic functions of the reaction chamber, mechanical pump, and bypass line with its
cutoff valve, it is now possible to operate the pump and to purnp down the chamber. To purmp down

Observation: Notice that the mechanical pump pressure decreases.

Simulation Parameter Log

The pressure gauge at the mech purmp measures inlet pressure. Since the inlet of the mech
purnp connects to two lines which are both terminated at closed cutoff valves, the pump inlet
sees a sealed volume, so that the mech pump can evacuate the inlet region down to the




Nile Example

Based on 200 years of river rewords, NileSm was
developed to help explain complex river behavior and
management (Figure 3). NileSim is used in a large,
multidisciplinary freshman course on the 5000 years of
hydraulic dvilization in the Nile Valey of Egypt. This
course omprises bath technicd and non-technical majors,
and faculty from engineering, biology, and government and
politics. Teams of students use NileSim to study how
different schemes for managing the scarce water resources
of the basin affed the natural environment of the Nile and
the eonomics of riparian countries. The reaction to
NileSim has been so positive that it has been proposed as
the central focus for the dassin the future.
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Figure 3. NileSim for learning about the hydrology of
the Nile river

APPLICATION FRAMEWORK

Application frameworks must provide appropriate
modularization of function and separation of concerns, just
as database management systems and user interface tods
promote dialog independence [1][5]. In creating SmPLE,
we fet it was very important to alow independent
contributions by user interface designers and educaors.
The achitedure of SmPLE uses the common grategy of
separating the graphical user interface from the application,
in our case a simulation engine, by using a separate dialog
component to hande @mmunication between the two
(Figure 4). The guidance materid, another part of the

educational content, is aso separated from the user
interface In the current implementation, the user interface
is in Delphi, the dialog component is a dynamic linked
library (DLL), the smulation engine is VisSim™, and the
guidancemateria isin HTML.

SOFTWARE EDUCATIONAL
DEVELOPMENT CONTENT

Graphical Dialog Simulation Engine
(DLL) (isSim™)

User Interface
{(Delphi)

Guidance Material

(HThL)

Figure 4. SImPLE software architecture

Using SimPLE, educators can quickly create simulation-
based learning environments for a variety of educational
domains. The two main steps involve aeating the
educational content and designing the user interface
Educators dart by creating the simulation engine and the
guidance materid using existing tods. Good gudance
material includes a system overview, exercises to perform,
a glossary of terms, and additional references. The user
interface for the educational content is developed using a
template and several “plug-in” software dadsthat reducethe
development effort by providing a rich array of learning
tods.

Simulation Engine

Educators dart by creating a smulation model and
spedfying the inpus and autputs that will be available to
the leaner. We dose VisSim™ to creae the smulations
because it is a ommercial product commonly used in
engineering education. However, substituting a different
simulator or a different type of software package would
only require modifications to the dialog component since
the user interface is eparated from the application. The
only requirement is that the applicaion used must be able
to accept inputs and return outputs.

Figure 5 shows the VisSim™ model for VacTechSim. The
dark gray boxes are compound Hocks that contain multiple
layers of detailed logic. For simplicity, only thetop layer is
shown here. The only requirement imposed by SmPLE is
that the modd must spedfy the input and output variables
availableto theleaner. In our example, these variables are
spedfied in the VSin and V Sout sedions.

Because the simulation engine is not tightly coupled with
the user interface, educators have found it useful to create
their modds © they can be mntrolled bah via the user
interface (“remote’) and by dired manipulation of the
simulator (“local”). This dlows the @ntent author to
operate and modify the smulaor in a mpletey
standalone mode. This is espedally useful during the
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Figure 5. VisSim model overview for VacTechSim

development and debuggng stage, since a change in the
simulation logic should not change the user interface
(unlessinputs or outputs are added/removed).

Dialog

The key to linking the user interface and the educationd
content isthe dialog component. Currently implemented as
a C++ DLL that uses continuous polling, the dialog
component handles al communicaion regarding user
inputs and simulator outputs between the user interface and
the simulation engine. For example, when a user clicks on
avave in VacTechSm, the dialog component natifies the
simulator, which opens the valve in its internal model. It
then passes the simulator outputs (which might show a
change in presaire) back to the user interface for display to
the user. In this way, the leaner “runs’ the physica
system depicted as a dynamic model on the user interface
with response and feedback to their actions determined by
the underlying, physically realistic dynamic simulator.

Adding eror messges and warnings increases the
educational benefit to the leaner but adso makes the
communication more @mplex. Rather than simply
performing a user action, the user interface must “request”
(via the dialog component) that an action be performed.
The user interface then waits for the simulator response. If
the action is approved, the action is performed. Otherwise,

the user interface conveys a useful message to the leaner
indicating why the action could not be performed.

User Interface

Without adequate authoring tods, developing custom front
ends can be very time wnsuming and difficult. When
surveyed, most educaors ste lack of time as the reason for
not using new technology in their classsooms. Because of
limited time and software expertise, authoring tods that
minimize creation time but till dlow customizaion are
critical to the wide spread success of learning
environments.

Using a template and several “plug-in’ software ads,
custom user interfaces can be developed very quickly in
SMPLE. The user interface template is a Delphi projed
that consists of three main areas. an empty simulation
pand, a ontrol bar, and a tabbed notebook (Figure 6).
Customizing the smulator panel involves three steps.
making a background image (which can be drawn with any
image dlitor), positioning the user interface contrals, and
mapping the user interface ®ntrols to the simulation
variables. Generd functionality, like starting and stopping
the smulation and grinting the guidance materia, is
provided in the control bar. The guidance material will be
displayed automaticdly in the notebook area dong with
any simulation design parameters. The notebook areaal so
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Figure 6. User interface template provided by SimPLE
for creating custom front ends for simulation-based
learning environments

contains a developer kit that allows educators to further
customize the system.

To help developers create rich leaning environments, the
user interface template is coupled with several software
aids, implemented as Dephi components. These
componentsinclude:

e TDLLConned, for mapping the user interface @ntrols
to the simulation variables,

e TDesignParameters, for creaing simulation design
parameter controls on-the-fly,

e TActionLinks, for enhancing the guidance material to
support actions, like highlighting simulator panel
objeds, and

e TCommunication, for allowing students and instructors
to communicate via eamail and attach simulation fil es.

A library of flicker-free user interface @ntrols (including
valves, switches, and presaure) has also been created to
support the semiconductor manufacturing domain.

TDLLConnect. TDLL Conned makes it smple to map user
interfface ontrols to simulation variables. Spedfically,
TDLLConned generates two events that are raised when
input data is requested and when output data is receved.
Deveopers smply create cdlback procedures that map the
user interface ontrolsto the amulation variables. Figure 7
shows an example procedure that maps user interface
controls to simulator inpus. To make this simpler,
SImPLE might allow developers to click on a ontrol and
sded the value to send or update.

procedure TMainForm.BeforeVisSimCall(Sender: TObject);
begin
with DLLConnectl do begin
DatatoVisSim[1] := integer(VB.Value = Opened)
DatatoVisSim[2] := integer(VV.Value = Opened);
DatatoVisSim[3]:= integer(TurboPumpSwitch.Down = True);
DatatoVisSim[4] := integer(V2.I1sOpen());
DatatoVisSim[5] := integer(MechPumpSwitch.Down = True);
DatatoVisSim[6] := integer(V1.Value = Opened);
end;
end;

Figure 7. Example callback procedure that maps user
interface controls to simulator inputs

TDesignParameters. Manipulating simulation design
parametersis one way to help leaners further explore how
a system works. Creaing a custom dialog bax that all ows
leaners to spedfy design parameters sich as chamber
volume and turbo pump speed would be very tedious and
time consuming, espedally when there are several design
parameters. With SmPLE, educaors can uwse
TDesignParameters, accessble from the developer kit
notebook page, to create design parameters controls on-the-
fly simply by specifying the parameter name, default value,
and VisSim™ variable number (Figure 8). The parameter
controls will appea automatically on the simulation
parameters page, along with a mmment area and alog that
recrds any changes made by learners (Figure 9). A logical
extension would be to allow multiple parameter settings to
be saved and loaded.
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Figure 8. TDesignParameters dialog box for creating
simulation design parameter controls

TActionLinks. Many simulation-based leaning
environments do not provide any guidance material and
when it is provided there is normally no coupling between
the simulation and the guidance material. The result feds
like two independent systems. We wanted our leaners to
have the benefits of a tight coupling between the simulation
and gudance material while still maintaining the separation
that benefited developers. TActionLinks links the guidance
materia to the smulation pand whil e still maintaining the




desired separation. Spedfically, TActionLinks extends the
HTML syntax used to credae the guidance material to
support simulation actions. The actions are processed as
the result of an error being raised when an unknown URL
is encountered. For example, the HTML link “Highlight
[objedl objed2 ...]" is used to highlight multiple objects
and “PlaySound [filename]” is used to play audio files.
Thissimple notation can be extended to include avariety of
other actions, such as playing video o controlling a
stopwatch.

Since the objeds are different for each simulation,
TActionLinks automaticdly generates the list of object
names, along with instructions and samples of each. This
information is automatically displayed on the devel oper kit
page for educators to consult when creding the guidance
materia (Figure 10).

TCommunication. Communication and collaboration is
another important asped that leaning environments must
support. Learners neal to ke able to communicate with
other leanes with their instructors when they have
probems, and even with other doman experts.
TCommunication builds on a commercid Delphi email
component to provide a basic facility for communicaing
about the system. It alows learners to easily attach fil es,

Simulation Parameters I

Parameter Settings: Comments:

like the simulation modd and perameter log, to their
messages with the dick of a button. It also provides a
setup dalog box that educaors can use to create adefault
list of email addresses for the leaners (eg., class list).
Educators are dso interested in how TCommunication
might help them manage the amail they recéve. For
example, one suggestion is to automaticdly annotate the
messages with a few words gedfied by the instructor that
would make it easier to sort messages by classor projed.

FUTURE WORK AND CONCLUSIONS

We are in the process of sdeding dfferent applicaion
domains and identifying educators interested in building
SIMPLE leaning environments that will further test our
framework.  Until now the environments have been
developed by graduate students at the university. For
example, a civil engineaing gaduate student with no
Ddphi or VisSm experience (but with computer
experience) created the NileSim environment in only two
months (without many of the tods described since they
were still under development).  While SSmPLE makes it
possble for educators with limited software devel opment
experience  to  huild sSmulation-based leaning
environments, we believe the primary role of the educaors
will be as content authors, with user interface devel opment
delegated to those with more omputer experience
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Initial feedback from bath leaners and educators has been
very positive. We ae in the process of conducting a pilot
study comparing the use of SmPLE (VisSim + front end)
to VisSim only to teach students about a vacuum pump
system. Our initia pilot results show a strong preference
for the SmPLE version.

We are expanding SmPLE to make deve oping simulation-
based learning environments easier to build. Spedfically,
we plan to create more software aids, to enhance the
existing anes, and to investigate the use of other smulation
engines, like Excd. One software aid we have started to
explore aedes leaning higories. At the smplest leve,
leaning histories would capture the sequence of user
actions and all ow them to be played back. These histories
could then be used by learners when posing questions (e.g.
why did this happen?), or created by educators and
replayed in the guidance materia, or they might even be
turned in as homework (e.g., demongtrate the quickest way
to create the lowest presaure in the chamber).

While there ae numerous examples $owing the benefits of
leaning environments, we believe that authoring tods, like
SImPLE, that support their creation will be aiticd to their
wide spread success While our framework is still
rudimentary, it is a key step in making simulation-based
authoring tod's accesshle to educators.
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