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Design and Implementation of a

Computerized Interactive Multiple Assessment System

Student: Chieh-Feng L.i Advisor: Dr. Shian-Shyong Tseng
Institute of Computer Science and Engineering
Nation Chiao Tung University

Abstract

Scientific inquiry ability is of most importance in science education; hence the
assessment of this ability can help teacher to assist students in developing this ability.
The most effective way of this assessment is that teachers watch students conducting
an experiment and give immediate feedbacks. However, taking a hands-on experiment
is costly and time-consuming.. The virtual laboratory can solve these drawbacks. But
constructing virtual laboratories is still not easy using the existing authoring tools. In
this thesis, a mechanism of virtual laboratory construction is proposed based upon
knowledge-based approach. The ‘teacher. finishes experiment design by the proposed
script language through a dialogue-based way. In the proposed Computerized
Interactive Multiple Assessment Model, the knowledge of virtual laboratory is seen as
default knowledge and experiment-specific knowledge. The default knowledge is
preprocessed through a knowledge acquisition process to reduce the cost of
construction. The proposed mechanism can log students’ portfolio for further analysis.
A prototype system is also implemented to evaluate the proposed model. The result
shows this model can support various experiments in different domain, and teacher is
satisfied about the experiment design process and the effect of generated virtual
laboratories.

Keywords: virtual laboratory, knowledge-based approach
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Chapter 1. Introduction

Scientific inquiry, which is an ability of asking questions, investigating the
natural world, and explaining based upon derived evidence, has become one of the
most important learning objectives of science education [3]. Thus, teachers require an
effective assessment to evaluate students’ performance of scientific inquiry and offer
appropriate supplementary instruction. A process of scientific inquiry incorporates
multiple basic and integrated science process skills (SPS), used to conduct
investigations and conclude the results [4]. AAAS [5] defined thirteen skills of
science process skills: Observing, Classifying, Using space/time relations, Predicting,
Using numbers, Measuring, Controlling = and. identifying variables, Inferring,
Formulating Hypotheses, Defining Operationally, Interpreting data, Communicating,
and Experimenting. In order to assess these skills, letting students conduct real
experiments for a specific question to verify their own hypotheses is an effective
approach [1]. However, facilitating. and monitoring experiments is time-consuming
and costly for teachers, where students are asked to actively plan and investigate for
their own questions. Moreover, some experiments are also dangerous for novices.

Some studies proposed virtual laboratories to reduce both cost and danger of
hands-on experiments. These virtual laboratories could also monitor students’ inquiry
processes and provide logs of experiments for teachers to evaluate students’
performance. However, some virtual laboratories [2] offering only demonstrations of
experiments lacked flexibility for students to manipulate and control the variables.
Some studies [9,10,12,13,14,15] constructed environments of specific experiments for
scientific inquiry, but constructing a hard-coding virtual experimental environment for
each specific experiment was costly and time consuming. In order to overcome this

issue, some studies proposed authoring tools [7,8] to edit virtual laboratories of
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specific scientific domains, such as chemical experiments. These domain-specific
authoring tools could facilitate teachers to construct various virtual laboratories of the
specific domain, but could only construct very narrow kinds of experiments. Thus,
proposing a new approach to facilitate teachers to design virtual laboratories without
limitations of specific domains is an important issue.

The knowledge-based system can reduce construction cost by modifying
knowledge to generate variously different virtual laboratories without modifying the
program. In virtual laboratories, the default knowledge which means experimental
environment settings like devices and operations has stereotype that is fit to be
modeled using frame knowledge representation. To preprocess the default knowledge
content can reduce construction cost since ‘experiment designer can reduce the
reworking in default knowledge ‘and focus on the specific experimental setting. A
proposed knowledge acquisition‘method is used to preprocess the default knowledge.
To facilitate teachers in the experiment design, a dialogue-based script language is
used to help teachers in designing.

In this thesis, a Computerized Interactive Multiple Assessment System (CIMAS)
based upon a knowledge-based approach was proposed to model a virtual experiment
as default knowledge and experiment-specific knowledge. The default knowledge
expressed the experimental environment settings for specific domains, so replacing
the default knowledge could vary the domain of a virtual experiment. Various
predefined  default  knowledge  was  constructed by a  proposed
default-knowledge-preprocessing process via knowledge acquisition using modified
repertory gird and shared for teachers. The experiment-specific knowledge of an
experiment was the major objects and operations for the experiment. A dialogue-based
knowledge acquisition was proposed to assist teachers in designing

experiment-specific knowledge and reusing default knowledge to construct a new
2



virtual experiment.

Finally, a prototype system of CIMAS was constructed to evaluate the ability of
the proposed mechanism in supporting various virtual experiments of different
domains. An experiment toward teachers was to evaluate the satisfaction about
constructing a new virtual experiment and performing the virtual experiment for
assessment. The case study showed that the system could support various virtual
experiments in different domains. The experimental results showed the mechanism
was effective in assisting teachers in designing a new virtual experiment and the
performed virtual experiment could satisfy the requirements of a science process
skills assessment.

The remainder of the article is organized asfollows: Chapter 2 introduces current
studies of virtual laboratories for assessment of science process skills. Subsequently,
the CIMAS and CIMAM are ‘described in Chapter 3. Chapter 4 introduces the
dialogue-based knowledge acquisition, facilitating teachers to construct a new virtual
experiment. The implementation of the prototype system and experiments are

discussed in Chapter 5. Finally, Chapter 6 gives a conclusion and future works.



Chapter 2. Related Work

In this chapter, we will review the previous research results of virtual lab
including the ready-made virtual lab and the authoring tool for virtual lab to assess

science process skill.

2.1 Virtual Lab

In [6], virtual lab has been used to familiarize students on distance education
with the real laboratory of school, where it can familiarize students with laboratory
having the same architecture as that in the school laboratory as a preparation for doing
hands-on experiment in the school. Before the students take their first hands-on
experiment in school laboratory, the virtual lab helps them have basic concept about
laboratory architecture and experiment devices. The virtual lab consisting of all the
required virtual devices which'can be found in‘the school lab does not really have the
ability for students to conduct an experiment, but provides student a virtual laboratory
environment to explore and get familiar with laboratory architecture.

In [11], there are three interactive learning applications which are used to
enhance students’ learning of hard-to-grasp concepts in dentistry.

The virtual lab mentioned above focusing on concepts and scientific knowledge
learning did not emphasize the operations used in conducting experiment. So this kind
of virtual lab are not suitable for science process skill assessment.

In the website [2] which was founded by Ministry of Education of Taiwan, there
are plenty of virtual experiments in different scientific domain like chemistry, physics,
biology, earth science and so on. The virtual experiment is most likely a

demonstration which aims to validate knowledge or concepts written in textbook;
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since the experiment flows are fixed, student should follow the predefined experiment
flow to validate the result. This kind of virtual lab is still not suitable for science
process skill assessment since every student would use same steps predefined by
system to finish the experiment.

There were plenty of customized virtual laboratories that constructed
environments of specific experiments for scientific inquiry like those studies in
[9,10,12,13,14,15], but constructing a hard-coding virtual experimental environment

for each specific experiment was costly and time consuming.

2.2 Authoring Tools of Virtual:LLab

[7] provides teacher an authoring tool to construct diagram-based free-response
assessment in electronics like logic circuit design. While teachers design the question,
they can also set the marking file which“is used to input their system for scoring of
students’ answer. The teacher can use this authoring tool to create different
diagram-based assessment in electronics.

In [8], the authoring tool provides teacher the flexibility to add new chemicals
and chemical equations. Students can operate predefined devices to conduct a
chemical experiment, doing actions like mix chemicals or heat device to observe the
reaction.

Those authoring tools of virtual lab mentioned above provide an easy way in
constructing a specific experiment type. But the knowledge of experiments including
device, medical and reaction are hard code in the program, all the implementation
efforts of previous cases cannot help to largely reduce the effort of applying the
authoring tool to a similar problem domain.

Based on related work survey, we find that if we want to use a virtual lab as the
5



assessment of science process skills, we need a new platform to construct virtual
experiment with enough expressive power and reduce construction cost in the same

time.



Chapter 3. Computerized Interactive Multiple Assessment

System

In  Computerized Interactive Multiple Assessment System (CIMAS), a
Computerized Interactive Multiple Assessment Model (CIMAM), including default
knowledge and experiment-specific knowledge, was used to represent a virtual
experiment. This model was proposed from the survey of virtual laboratory related
works and experiments case study to induct. As shown in Figure 1, default knowledge
defined common environments and operations of a specific experimental domain. The
knowledge consisted of devices, structures, operations, and scenes. Devices were
tools used in a kind of experiment; structures were assembled using devices for
specific functions; operations.were actions of using devices in an experiment; and
scenes were the place where experiments were implemented. Experiment-specific
knowledge represented experimental objects, experimental actions, and experimental
settings. Experimental objects were.major objects for manipulating and observing in
experiments. Experimental actions were “operations of manipulating experimental
objects for specific experiments. The reactions of experimental objects after a period
of time also belonged to experimental actions. Experimental Setting defined the
composition of experimental objects and devices to form the structure for observing.

To simplify our discussion, Scenario 1 is given and used in the rest of this thesis.
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Figure 1. Computerized Interactive Multiple Assessment Model

Scenario 1: An Experiment Scenario-and Its Mapping to CIMAM

The goals of the experiment “The related factors in transpiration speed of plants™
originated from the natural «curriculum of junior high school are to identify factors
influencing transpiration speed of plants and-determine relationship between these
factors and the speed. In this experiment, students could use devices, such as a knife,
a scale, a ruler, a graduated cylinder and vats to manipulate experimental objects, such
as celery. Since celeries can be cut stem or pluck leaves the ways to change these
variables of experimental object are experimental actions, like using knife to cut stem
or using hands to pluck leaves. After students finishing the manipulations of the celery,
they put the celery in a graduated cylinder filled with red ink. The “put” action, an
experimental action to complete the experimental setting “celery in the graduated
cylinder”, can be conducted in two scenes, laboratory and playground, where different
temperature of the scenes would influence the result. After finishing the experimental
setting, students wait for a period of time, they observe the trend of the decrease of the

quantity of red ink to inference the relation between factors and transpiration speed.



This experiment scenario has been constructed by our prototype system with a
screenshot shown in Figure 2. The screenshot of the experiment result is shown in
Figure 3.

# Adobe Flash Player 10
BEE RO 2o Hew

W\,

Figure 2. The screenshot of \\‘ elated Factor: *'-: nspiration Speed of Plants”

# Adobe Flash Player 10 ‘Z‘ |§”X|
#BER WRE EH0 AW

| I\,

Figure 3 The screenshot of the experiment result
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In order to facilitate modeling and executing the knowledge of virtual
experiments, a frame-based representation was used to express the whole CIMAM
because the proposed default and experiment-specific knowledge in all kinds of
experiments was stereotyped and the hierarchical knowledge structure was
appropriate to manage devices and experimental objects. The frames describe a
knowledge entity using a set of slots, each slot is a 3-tuple contains slot name, slot
type and slot value. The slot name is used to depict the attribute of the knowledge
entity, each attribute has a value and the value belongs to one kind of data types. The
frame representation has hierarchy property. A frame entity inherits slots of its parent
frame, and is able to override those slots if needed. A frame also has the ability to
represent embedded rules, which_are attached. to slots and are triggered when
conditions are satisfied. The embedded rules have some types like IF-ADD,
IF-NEEDED, IF-DELETED.and'so on.

Accordingly, system architecture ‘of CIMAS, as shown in Figure 4, included a
preprocessing phase, a construction.phase, and a runtime phase. In the preprocessing
phase, knowledge engineers generated frames of default knowledge, and stored them
in a default-knowledge base. In construction phase, a dialogue-based knowledge
acquisition assisted experiment designers in referring default knowledge and
expressing their experiment-specific knowledge by the proposed script language. The
script then was translated by a script translator, and the experiment-specific
knowledge and used default knowledge were integrated to a frame-based virtual
experiment, which was stored in an experiment pool for students to execute. In the
runtime phase, a process of virtual experiment execution, incorporating a frame
engine, could conduct a virtual experiment using these knowledge frame instances for

students, and students’ operation portfolios were logged for further diagnosis [16].
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Figure 4. System Architecture of CIMAS

3.1 Computerized Interactive Multiple Assessment Model

In CIMAM, default knowledge represents default experimental environments
and operations, and experiment-specific knowledge represents the specific objects and
actions of an experiment.

Each component in default and experiment-specific knowledge of CIMAM are

introduced in the following section.

3.1.1 Device

Device means frequently used devices in laboratories. Each device can use a
Device Frame to depict. A Device Frame has attribute slots and action slots, where
attribute slot represents some physical attributes of the device, like capacity, weight
and so on, and action slot represents the action it can do by itself, like a “cut” action
of a knife, a “heat” action of a beaker. There are two types of effect. One is to change
attribute slot value of itself. For instance, the “heat” action of a beaker would change

its temperature attribute. The other effect type is to change its appearance, as listed in
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Table 1. Each action would correlate to one or more effects. Device changes its
appearance to reflect the result after an action for student to observe, as shown in
Table 2, where each attribute slot has a slot type of Number, String, Boolean,
Enumeration and Record, and each action slot has a slot type of Procedure.

There is inheritance relation between devices. The child device frame inherits
attributes and actions from the parent device frame. The child device can add new
slots for attributes or actions. For example, a “beaker” can be seen as a subclass of
“container.” The beaker inherits attributes and actions like capacity, pour, and add

new attribute slot of “graduation” and new action slot of “heat.”

Table 1..Effect of Device
Change Picture Each.device has a slot called picture list. It contains a list of
picture file name. The Change Picture effect could change
the device’s displaying picture to others in the list.

Move Moving to new position of the stage.
Rotate Rotating device.
Scale Scaling the device. The effect has some scale types like

magnify along X-axis, magnify along Y-axis, shrink along
X-axis, shrink along Y-axis and so on.

Change color Changing the device color.
Change transparency | Changing the transparency of device.
Change visible Changing the device into visible or not visible.

Table 2. Slot Type

Number A number that could be decimal. 10.5
String Words. Long
Boolean Being one of two values: true or false | True
Enumeration Enumerating the possible values. {big, middle, small}
Record Arecord is an n-tuple, with each (water, 500, transparent)
element has a data type between
Number, String, Boolean,

12



Enumeration.

Rule Checking restrictions of attribute IF attrbutej=value; THEN
slots, trigger action if the checking trigger action;
passed

Procedure Enable one or some effects. Effect Change picture of device;

has two type of changing attributes
or changing appearance.

Example 1: a device frame “graduated cylinder”

The graduated cylinder has attribute slots of Picture list, Capacity, Graduation
and Liquid. The “Increasing liquid” and “Decreasing liquid” are the action slots of
this device. The increasing liquid action has two effects, one is to change the liquid

attribute and the other is to scale liquid like liquid increasing.

Table 3. a device frame “graduated cylinder”

Name String graduated cylinder

Picture list | String cylinder.gif

Capacity Number 100

Graduation | Number 1

Liquid Record (none, 0)

Increasing | Procedure Changing attribute “liquid”
liquid Showing effect “scale liquid”
Decreasing | Procedure Changing attribute “liquid”
liquid Showing effect “scale liquid”

3.1.2 Structure

Structure means the composition of devices for the purpose to observe the result.
Each Structure uses a Structure Frame to depict. A Structure Frame seems like a
Device Frame, but has an additional slot called “components”, it records device
frames’ name which compose the structure. The attribute slots and action slots in the

Structure Frame have two types according to the slot value source. One is the same
13



like Device Frame, that is, have initial value since the structure has been created. The
other type, the slot value will come from the assembled devices. In this situation, an
embedded rule IF-NEEDED attached in the slot of Structure Frame can provide value
when the slot is referred.

Each device frame has a default slot called “composition”. This slot records the
composition state with other devices currently. And this slot has an embedded rule
IF-CHANGED, it will check Structure Frame if a structure has been set up since this
operation. If current condition matches a structure frame then create a structure

instance, or decompose a structure in the inverse condition.

Example 2: a structure frame “celery in the graduated cylinder”

The structure composed of celery and graduated cylinder in Components slot has
two attribute slots of Leaves number-and Capacity: The Inhale red ink is an action slot.
In this case, both the attribute slot value and action slot value are come from devices

of Components.

Table 4. a structure frame “celery in the graduated cylinder”

Name String celery in the graduated cylinder

Components String celery, graduated cylinder

Leaves Enumeration | IF-NEEDED: get value from child device “celery”

number

Liquid Number IF-NEEDED: get value from child device
“graduated cylinder”

Decreasing Procedure IF-NEEDED: get action from child device

liquid “graduated cylinder”

Inhale red ink | Procedure IF-NEEDED: get value from child device “celery”
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3.1.3 Operation

There are two types of operation: two-device operation and one-device operation.
The former means user uses actor device to do the action onto target device as shown
in Table 5. Once the operation is triggered, the system checks the conditions and
trigger actions of actor device or target device if the conditions of actor device
attributes, target device attributes and scene’s context attribute (introduced later in
3.1.4) are satisfied. The process of the latter is similar except having only target
device. Besides trigger actions, an operation may change the “composition” slot in a
device frame, which means changing composition state of a device.

Operation will be translated as a slot with slot type “rule” in the target device’s

frame. The content of the rule is “IF.condition THEN trigger reaction.”

Table 5. Manipulation Type

Drag in An operation between two devices. Simply drag Device; onto
Device;

Drag then Click An operation between twa devices. Drag Device; onto Device;j,
then the mouse cursor would be replaced by Device;, then using
mouse to click would test if do any reaction

Drag with line An operation between two devices. Drag Device; onto Device;j,
then the mouse cursor would be replaced by Device;, then using
mouse to drag, the condition check would take track into
account

Click An operation toward one device. Simply using mouse cursor to
click device

Drag An operation toward one device. Simply using mouse cursor to
drag device

Rotate An operation toward one device. Using rotation mark cursor to
click device.

Drag out An operation toward one device. Using hand mark cursor to
drag device.
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Example 3: an Operation “pour” append to device frame “graduated cylinder”
as aslot

The slots with white background color belong to original device frame of
graduated cylinder. Now we have an operation called “Pour” which means a beaker
pours liquid into this graduated cylinder. The operation will be appended as a rule slot

like the last slot with gray background color showing in this case.

Table 6. an operation “pour” appended to device frame “graduated cylinder” as a slot

Name String graduated cylinder

Picture list | String cylinder.gif

Capacity Number 100

Graduation | Number 1

Liquid Record (none, 0)

Increasing | Procedure Changing attribute “liquid”
liquid Showing effect “scale liquid”
Decreasing | Procedure Changing attribute “liquid”
liquid Showing effect “scale liquid”

3.1.4 Scene

Scene is the place where the experiment conducts. Each scene uses a Scene
Frame to depict. A scene frame contains context attribute slots like temperature,

humidity and so on.

Example 4: a Scene frame “laboratory”

In this case, the scene frame using context attribute slots to record temperature,

humidity, pressure and illumination of the laboratory.
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Table 7. a scene frame “laboratory”

Name String laboratory
Temperature | Number 25
Humidity Number 70
Pressure Number 1
Illumination | Number 300

3.1.5 Experimental Object
Experimental Object defines the target to manipulate, using Experimental Object
Frame to represent. The Experimental Object Frame has same attributes like Device

frame.

Example 5: an experimental object “celery”

The celery has attribute slot fram-*Number of leaves” to “Immerse in water”,

and has action slot from “Pluck leaves” to “Cut stem”.

Table 8. an experimental object frame “celery”

Name String celery
Picture list | String celeryl.gif,celery2.gif,celery3.gif,celery4.gif
Number of | Enumeration 10 of {10, 5, 0}
Leaves
Stem length | Number 20.5
Stem cut Enumeration not cut of {not cut, straight cut, oblique cut}
Immerse in | Boolean false

water
Pluck Procedure Changing attribute “Leaves number”
leaves Showing effect “change picture”
Inhale red | Procedure Showing effect “change picture”
ink
Cut stem Procedure Changing attribute “Stem cut”

Showing effect “change picture”
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3.1.6 Experimental Action

Experimental action consists of the operation about experimental object or
experimental setting. Since time factor can be consideration as an action in an
experiment, experimental action also means the experimental object’s reaction in
different situation after a period of time. An experimental action would be appended

to an experimental object frame as a slot.

Example 6: an experimental action “cut celery” appended to experimental object
frame “celery” as a slot

The slots with white background color belong to original experimental object
frame of celery. Now we have an experimental action called “Cut celery” which
represents using a knife cutting the celery stem to get rid of root. The experimental
action will be appended as a-rule slot like the last slot with gray background color

showing in this case.

Table 9. an experimental action “cut.celery” appended to experimental object frame
“celery” as'aslot

Name String celery

Picture list | String celeryl.gif,celery2.gif,celery3.gif,celery4.gif
Number of | Enumeration 10 of {10, 5, 0}

Leaves

Stem length | Number 20.5

Stem cut Enumeration not cut of {not cut, straight cut, oblique cut}
Immerse in | Boolean false

water
Pluck Procedure Changing attribute “Leaves number”
leaves Showing effect “change picture”
Inhale red | Procedure Showing effect “change picture”
ink
Cut stem Procedure Changing attribute “Stem cut”
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Showing effect “change picture”

Example 7: an experimental action “after 10 minutes” appended on “celery in
the graduated cylinder” experimental setting frame

The experimental action shows the change of the celery in the graduated cylinder

after 10 minutes of the action. The experimental action is appended as a rule slot to

the experimental setting frame.

Table 10. an experimental action “after 10 minutes” appended on “celery in the
graduated cylinder” experimental setting frame

Name string celery in the graduated cylinder

Components string celery, graduated cylinder

Number of Enumeration ' | IF-NEEDED: get value-from child device “celery”

Leaves

Liquid Number IF-NEEDED: get value from child device
“graduated cylinder”

Decreasing Procedure IF-NEEDED: get action from child device

liquid “graduated cylinder”

Inhale red ink | Procedure IF-NEEDED: get action from child device “celery”

3.1.7 Experimental Setting

Experimental Setting defines the composition of experimental objects and

devices to form the structure for observing. The process is similar to that in 3.1.2. The

difference between structure and experimental setting is that structure is the

composition of devices in default knowledge, while experimental setting refers to the
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composition includes experimental object with other devices that is for specific

experiment.

3.2 Generation of Virtual Experiment

Based upon the components of CIMAM given in Section 3.1, we will show how
to generate the CIMAS virtual experiment from those frames.

A complete experiment stored in an experiment pool database as a set of frames
firstly needs to acquire all the referenced default knowledge frames and its specific
experiment frames, where a frame engine is required to handle the interaction
between frames. The system provides some-predefined user interface like a selector of
scenes. While students are doing the experiments, the operation and experimental
action would be logged. The attributes of devices and experimental object would also
be logged; hence the system keeps a“ complete student portfolio in doing the
experiment. Here is some examples.to show the interactions of frames in the runtime

phase.

Example 8: using a knife to cut the celery

This example shows the process to handle an operation. The operation is “using a
knife to cut the celery.” Firstly student drags knife onto celery with predefined
manipulation type “drag with line.” The manipulation would cause collision slot of
celery changes its slot value. Then it triggers embedded rule IF-CHANGED to find
out if there exists a suitable rule. Since the condition is match, “cut root” action be
executed. It calls the “cut root” procedure, showing suitable effect on celery like

change picture, and return the result to modify attribute slot.
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Manipulate type
% (1] = Drag with Line

Experimental Object Frame Device Frame

Name String celery Name String knife

Picture list | String celeryl.gif,celery2.gif celery3.gif,celery4.gif Ciit Procedure showing effect

Leaves Enumeration 10 of {10, 5, 0} “rotate 15 degree”

number

Stem Number 20.5

length

Stem cut Enumeration | not cut of {not cut, straight cut, oblique Result: igh ” "
cut} - EI ESnit: Stralght ook f{’rocedure Cut stem

Immerse in | Boolean false

water

Pluck Procedure Changing attribute “Leaves number”

leaves Showing effect “change picture”

Inhale red | Procedure Showing effect “change picture”

ink

Cumtstem Procedure Changing attribute “Stem cut” > }
Showing effect “change picture”

Collision | String E"knife IF-CHANGED:

-<«—— Check Operation Rule

Figure 5. Example of the action “cutting stem”

Example 9: put the celery into graduated cylinder

This example shows an operation 'to composite a structure. Firstly student drags
the celery into the graduated cylinder. The composition slot of graduated cylinder add
new object celery, then trigger embedded rule IF-CHANGED to check if this
operation composite a structure. A structure is matched or not, by checking

components slot of the structure frame. Then system creates the structure instance.
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b V.4
Manipulate type .
- T e

Device Frame Experimental Object Frame
Slotname [Slottype [siotwove ]
Name String graduated cylinder Name String celery
Picture list String cylinder.gif Picture list | String celeryl.gif,celery2.gif,celery3.gif.celery4.gif
Capacity [ NumBer 100 Leaves Enumeration 10 of {10, 5, 0}
- number

Graduation | Number 1

Stem Number 20.5
Liquid Record (none, 0) @ Fx enth
Composition | String graduated cylinder, Celew _L_ﬁCHANGED: Enumeration not cut of {not cut, straight cut, oblique
Increasing | Procedure Changing attribute “liquid” Check Structure cut)
liquid Showing effect “scale liquid” Immerse in | Boolean false
Decreasing | Procedure Changing attribute “liquid” water
liquid Showing effect “scale liquid” Pluck Procedure Changing attribute “Leaves number”

leaves Showing effect “change picture”

Inhale red Procedure Showing effect “change picture”

ink

Cut stem Procedure Changing attribute “Stem cut”

Showing effect “change picture”

EI Create structure frame instance
Structure Frame

Name String celery in the graduated cylinder

Components String celery, graduated cylinder (—|I| Match

Leaves Enumeration | IF-NEEDED: get value from child device “celery”

number

Liguid Number IF-NEEDED: get value from child device “graduated
cylinder”

Decreasing Procedure IF-NEEDED: get action from child device “graduated

liquid cylinder”

Inhale red ink | Procedure IF-NEEDED: get value from child device “celery”

Figure 6. Example of the action “put-the celery into graduated cylinder”

Example 10: the reaction of “celery in the graduated cylinder” after 10 minutes
This example shows the reaction of “celery in the graduated cylinder” after 10
minutes of simulation. Firstly student clicks the clock to choose ten minutes. Then the
collision slot of this structure adds this action information and triggers embedded rule
IF-CHANGED to find if there exists any matched rule. Since it can find a matched

rule and satisfy those conditions, the actions of the corresponding rules are triggered.
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@ [[1] Click the clock to choose “after 10 minutes”

Structure Frame

}9’ Name string celery in the graduated cylinder
“’ﬁ Components string celery, graduated cylinder
I Leaves Enumeration | IF-NEEDED: get value from child device “celery”
number
Liquid Number IF-NEEDED: get value from child device “graduated
cylinder”
Decreasing Procedure IF-NEEDED: get action from child device “graduated
E< liquid cylinder”
trigger Inhale red ink ProceduEL‘ IF-NEEDED: get action from child device “celery” 3
Collision String Time=10 IF-CHANGED:
Time effect Rule IF time passed 10 minutes & Liquid quantity >0 % Check
THEN trigger Decreasing liquid & trigger Inhale red | | OPeration Rule
ink

Figure 7. Example of the reaction “celery in the graduated cylinder after 10 minutes”

3.3 Default Knowledge Preprocessing

As we know, there is default knowledge in every experiment; e.g., the default
knowledge related to devices is the'major portion of default knowledge. Since the
devices have properties of stereotype and inheritance, use frame is suitable to
represent knowledge. Besides, the pre-defined default knowledge can reduce the
construction cost because it reduces the reworking when designing a new experiment.
In this thesis we propose a method to do knowledge acquisition for the preprocessing
of devices and output the pre-defined default knowledge that is the knowledge frame
hierarchy of devices with their attribute slots and action slots.

The proposed knowledge acquisition method is based on repertory gird which is
a widely used method for knowledge acquisition. The original purpose of using
repertory grid is to extract the knowledge to distinct different elements. In our

approach, we use repertory grid in order to get the attribute slots and action slots of
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device frame in constructing the hierarchy of devices. The proposed algorithm
KAOofDK is shown in Algorithm 1.

In Step 1 we list all the frequently used devices in the domain of specific
curriculum level. Then the teacher can add new devices or remove some devices of
them. In Step 2 the teacher can classify those devices into some subclasses by their
heuristic. In Step 3, we handle each subclass respectively. In Step 4 the teacher lists
the common attributes and actions for each subclass, and that are the reasons why the
teacher can classify those devices in the same class in Step 2. Those attributes and
actions listed in this step would be the device frame slots and form the first level of
device hierarchy. From Step 5 the repertory grid is used to acquire attributes and
actions of each device in a subclass. First, add all devices in the subclass as elements
of the repertory grid. Then repeatedly choose three of the elements, ask teacher to
describe the difference between one and the other two, the differences would be the
constructs of repertory grid. After finishing all the iteration of asking, teacher then
fills the repertory grid with three'kinds of value:

1: means the device tends to have trait.

2: means the device has no tendency about trait or opposite.

3: means the device tends to have opposite.
In order to cut down attributes that have similar meaning but have different notation,
we compute the row similarity. If the similarity is greater than threshold, we provide
teacher the information to decide whether to combine the two attributes. With the aim
to group devices as a second level of device hierarchy, the column similarity is used to
provide teacher the information of grouping devices with higher similarity over given

threshold.
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Algorithm 1. The knowledge acquisition to form the device frame hierarchy

Algorithm: KAofDK
Input
Devices that are frequently used in the domain.
Output
The slots for each device frame and the device frame hierarchy of default
knowledge.
Step 1. List all of the frequently used devices.
Step 2. Classify listed devices into some subclasses by heuristic.
Step 3. For each subclass, repeat from step 4 to step 6.
Step 4. Ask teacher the common attributes and actions of this subclass. Form the
first level of device frame hierarchy.
Step 5. Use repertory grid to get device frame slots.
Step 5.1. Add the devices to be the elements of repertory grid.
Step 5.2. Repeatedly choose three of the elements, ask teacher the attributes to
distinct one element from the other two.
Step 5.3. Fill the repertory grid with three kinds of value.
1: means the device tends to have trait.
2: means the device has no tendency about trait or opposite.
3: means the device tends to have opposite.
Step 6. Compute the similarity to merge attributes and form the hierarchy.
Step 6.1. Compute the row similarity for attributes merge.
Step 6.2. Compute the column similarity to group devices and form the second
level of device frame hierarchy.
Step 7. Finish all subclasses, Output the device frame hierarchy of default

knowledge and the slots of each device frame.
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Example 11: Knowledge acquisition process using five containers
Step 1.

We have devices of condenser, U-model tube, test tube, wide mouth bottle,
beaker, graduated cylinder, phosphoric acid, nitric acid, Petri dish, test tube rack,
separatory funnel rack, burette clamp, centrifuge tube holder and wash bottle.
Step 2.

The devices in step 1 were classified into five subclasses.

1.Container: wide mouth bottle, beaker, graduated cylinder, test tube, wash bottle
2.Tube: condenser, U-model tube

3.Rack: test tube rack, separatory funnel rack

4.Clamp: burette clamp, centrifuge tube holder

5.Chemicals: phosphoric acid,.nitric acid

Step 3.

From now on we focus on the subclass of container.

Step 4.

Asking teacher the common attributes and actions of those containers.
The teacher may answer:

Container has common attributes: capacity

Container has common actions: pour in, pour out

Frame Name
root
Slot Name |Slot Type

Frame Name

container
Slot Name Slot Type
capacity Number

inc. liquid [Procedure
dec. liquid [Procedure

Figure 8. the first level of container in device frame hierarchy
26



Step 5.1

Add devices as elements of repertory grid.

Table 11. Fill out the element of repertory grid

wide beaker graduated | test tube | wash
mouth cylinder bottle
bottle

Step 5.2

Repeatedly choose three of the elements, ask teacher the differences between the

three, the differences would be the construct of repertory grid.

Q1.What is the difference between wide mouth-bottle; wash bottle and beaker?
Al.(The teacher answers) heat, temperature

Q2.What is the difference between beaker, wash bottle and graduated cylinder?
AZ2. graduation, heat

Q3.What is the difference between graduated cylinder, beaker and test tube?

A3. heat, graduation

Q4.What is the difference between test tube, wide mouth bottle and wash bottle?
A4. cover, acid endurance

Table 12. The original construct of repertory grid

wide | beaker | graduated | test | wash

mouth cylinder | tube | bottle

bottle
heat can't heat
temperature no temperature
graduation no graduation
cover no cover
acid endurance no acid

endurance
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Step 5.3

Fill the repertory grid with three kinds of value.

Table 13. Filling out the values of repertory grid

wide | beaker | graduated | test | wash

mouth cylinder | tube | bottle

bottle
heat 3 1 3 1 3 can't heat
temperature 2 1 2 1 2 no temperature
graduation 2 2 1 3 3 no graduation
cover 1 1 1 1 1 no cover
acid endurance 1 1 1 1 3 no acid endurance

Step 6

Compute the column similarity; since beaker and test tube have higher similarity,

we suggest teacher to group them, as-*heatable container.”

Table 14. Count the column similarity to group devices

wide | beaker | graduated | test - | wash

mouth cylinder——{‘tube | bottle

bottle
heat 3 1 3 1 3 can't heat
temperature 2 1 2 1 2 no temperature
graduation 2 2 1 3 3 no graduation
cover 1 1 1 1 1 no cover
acid endurance 1 1 1 1 3 no acid endurance

Step 7

The output of container subclass frame hierarchy with attributes slot and action

slots is shown in Figure 9. The first level of device frame “container” is obtained from

step 4. The second level of device frame comes from step 6. In level 2, each device

inheritances slots from parent frame, and has additional slots that has value “1” in
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repertory grid.

pac ber
inc. liguid |Procedure
dec. liquid [Procedure

wide mouth bottle
* L i ) | =4 |

1S
capaci Number

lacid endure (Num| inc. liquid |Procedure ||inc. liquid |Procedure liquid
inc. liquid Procedure

Procedure
dec. liquid |Procedure higc. liquid |Procedure ||dec. liquid [Procedure
|dec, liquid |Procedure |

Figure 9. The result of frame device hierarchy

Since the frame knowledge representation is understandable, through a
mechanism teachers can easily add new device frame or modify slots to maintain the
knowledge.

Considering other components of default knowledge, operation can be appended
to previously constructed device frame hierarchy. Since the structure and scene did

not have attributes of inheritance, they can be preprocessed or learned by surveying

experiment cases.
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Chapter 4. Dialogue-based Script Language Construction

This chapter introduces how to construct an experiment. The proposed script
language is used to depict an experiment including experiment-specific knowledge
and referenced default knowledge. The goal of script language is to provide enough
information for experiment construction. A dialogue-based knowledge acquisition is
used to make the construction facile, where the dialogue emphasizes the facility of
human-like thinking flow. The script language format and dialogue-based knowledge

acquisition would be introduced in next two sections.

4.1 Script Language Approach

In this section, we will show the format of sscript language. In a hands-on
experiment design, teachers“often do not need to describe something like default
knowledge because it is common sense. But the virtual experiment cannot work
without understanding the common sense. To show all the information that construct a
virtual experiment needed, the script language based on CIMAM does not distinctly
separate experiment-specific knowledge and referenced default knowledge in the
script format. For the part that is referenced from preprocessing default knowledge,
some slots just need to copy and paste without starting from zero. In Figure 10,
mapping between script language and CIMAM shows the system can get all the

needed information from the script language.
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Script Language CIMAM

[] [ ] ]
; Scene ; i [ Experimental Object ;
E Setting ] ; . - Experiment- ;
; - ; Experimental Action Specific ;
’ . Knowledge :
; Setting . 1| Experimental Setting g ;
[] [ ] [ ]
s Structure ; : - '
' Setting v Operation '
(] ] ] (]
[] ' ' ]
: Operation Structure :
' Setting : : Default '
; = : : Device Knowledge '
' ime . '
; Setting ; ; Scene E
[] 3 ' :

Figure 10. The Relation Between Script Language and CIMAM

The script language contains: five parts which_ are scene setting, device setting,
structure setting, operation setting—and -time setting- Scene setting in Table 15
describes which places the experiment conducting. The first column is a place where
the experiment conducts. Each place may have many context attributes defined in the
second column. Then in the third column_teachers give the values to each context

attribute.

Table 15. Part 1 of Script Language Format

context; value;
context, Value,

place;

The device setting in Table 16 defines the devices and objects that can be
manipulated in this experiment. The first column is the name of device. The number is
set in the second column. Each device may have several attributes and actions.

Designers choose a data type and give an initial value for each attribute. For each
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action, it has a type of procedure. The fifth column about an action has several action
effects. Action effect has two type of changing attribute of itself or showing effect as

mentioned in 3.1.1.

Table 16. Part 2 of Script Language Format

attribute, Number value;

attribute, String value,

. action; Procedure effect;
device; | number;

effect,

action, Procedure effect;

effect,

The structure setting in-Table 17 defined the composition of devices to form an
observing structure. In the column 2, teachers define the devices which compose the
structure. The devices are chosen from previous defined in device setting phase. The
structure may have some attributes and actions. Their names are listed in column 3. If
an attribute or action is come from its component, teachers just need to fill the column
4 of the device name and finish the configuration of this attribute or action. If an
attribute or action is newly generated, just skip column 4 and using column 5 and

column 6 to set attributes and actions is similar to the way in device setting phase.

Table 17. Part 3 of Script Language Format

structure; | device;+object; | attribute; | device; n/a n/a
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attribute, | n/a String value;
action; device; n/a n/a
action, n/a Procedure | effect;

The operation setting in Table 18 means user’s manipulation toward devices. It
can happen under some conditions and cause the reaction. Every operation has a
manipulation type defined in Table 5. If this operation is correlated to any two devices,
using column 1 and column 3. If this operation is only correlated to one device, just
fill the name in column 3. In the column 4, a list of condition is used to define the
operation would happen under what condition. The conditions contain attributes of
actor, target and environment. In the fifth column teachers define the reaction after
students do this operation. It can be two types of trigger action of device or change

device composition.

Table 18. Part 4 of Script Language Format

actor; | manipulate; | target; | condition; = (device;, reaction;
attributey, operator;, value;),
condition, = (devicey,

attribute,, operator,, value,)

The time setting in Table 19 depicts how the time factor influences the devices in
the experiment. If the device or structure in column 2 satisfies the condition of
column 3, then after the time defined in column 1, the reaction of the target would be

triggered.
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Table 19. Part 5 of Script Language Format

time; target; | condition; = reaction;
(device,, attributey, operatory, value,),
condition; =

(devicey, attribute,, operator,, value,)

4.2 Dialogue-based Experiment Design Process

Since contents in script language have many dependence relations, and many
contents reference preprocessed default knowledge, we use a dialogue-based
knowledge acquisition to help teacher fill out.the script. The dialogue-based approach
has two objectives, one is to reduce cost.in_experiment construction, and the other is
to keep the identical of notations that have dependency in this script.

A dialogue algorithm is'proposed in Figure 11. In the first phase, teachers need to
specify experiment elements which include scenes, devices, structures and variables.
Teachers just name the elements without configuration of details. The phase is similar
to design a hands-on experiment. Teachers don’t need to describe the details, because
most of details belong to the default knowledge which means default values of
hands-on experiments. The details setting would be finished through the following
dialogue phase. In the second phase, teachers will be asked to set the value of
variables that have relation to scenes. The third phase is for the configurations of
devices. Since most of devices belong to default knowledge, the attributes and actions
are predefined, teachers will be asked to set values of the attributes without defining
attributes of them. There are still experimental objects need to define attributes and
actions. We use variables defined in the first phase to help teacher add the attributes of

experimental object. In the fourth phase, teachers define the structure. We will guide
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teacher to chose devices for composition. Then for attributes and actions of every
composed device, the teacher is asked to determine whether the attributes and actions
of the composed devices are inherited by this structure. The teacher could still extend
new attributes or actions in the structure. The fifth phase is operation setting phase.
We hint teacher with each variable defined in the first phase. The teacher will be
asked the operation flow to change the variable. In the last stage, the teacher could

define rules to describe how the time could affect the experimental results.

( Specify Experiment element R

§ =
Structure Setting
* New Attributes
& Actions
Scene Setting
\ 5,
Correlate Scene }
& Variable ~
/ Operation Setting
l Define Operations to
Device Setting Control Variable
\
Default Device *
Setting ' - -
Time Setting
Specific Device ] -
Setting Set Operation of Time
N J
—

Figure 11. Dialogue Algorithm

Example 12: Using dialogue-based script language to edit the experiment “The
related factors in transpiration speed of plants”

First phase: Specify Experiment Element

Teachers name the four parts as they design a hands-on experiment.

Scene: laboratory, playground
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Device: graduated cylinder, knife, water vat, ruler, red ink, celery
Structure: celery in the graduated cylinder

Variable: temperature, leaves number of celery, stem length of celery

Second phase: Scene Setting

Consider the variables that have relation to scene. Since temperature has relation

to scenes, teachers are asked to decide the temperature of each scene as follows.

Table 20. The script content in second phase of dialogue-based experiment
construction

laboratory temperature 25
Playground temperature 30

Third phase: Device Setting

In this experiment, deviceslike graduated cylinder, knife, water vat, ruler and red
ink are belong to default knowledge. Thus we provide predefined attributes of
teachers to fill out the value. For the device graduated cylinder, teacher only has to set

the values which are underlined in the following table.

Table 21. Part 1 of the script content in the third phase of dialogue-based experiment
construction

picture String measure.qgif
graduated L contained liquid | Record (none,0,0,0)
cylinder - capacity Number 100

material String glass




Then we consider the celery. Celery belongs to experiment-specific knowledge.
Thus teachers have to define its attributes and actions. We use variable to guide
teacher in adding the attributes and actions. For variable “leaves number of celery”,
we ask teacher the way of how to change leaves number. First the celery need to have
an attribute called leaves number, and the celery need some different pictures to show
different leaves number. After the action “pluck leaves” is triggered, the picture of

celery is replaced by the corresponding picture according to the number of leaves.

Table 22. Part 2 of the script content in second phase of dialogue-based experiment
construction

picture string celeryl.qgif, celery2.gif,
celery3.gif

Number of Number 10

Leaves

stem length Number 11

stem cut String None

In the water Boolean false

celery Pluck leaves Procedure 1.Change picture

2.change “leaves number”
attribute

Cut stem Procedure 1.change picture
2.change “stem cut”
attribute

Inhale red ink | Procedure 1.change picture

Immerse in Procedure 1.change “in the water”

water attribute

Forth phase: Structure Setting

In the first phase teachers already name a structure called “celery in the
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graduated cylinder.” In this phase first step is to list all the composing devices. Then
we will guide teacher via asking them if those composing devices have attributes or
actions need to keep in the structure. Those inheritance attributes and actions are

automatically filled in third column and fourth column.

Table 23. The script content in forth phase of dialogue-based experiment construction

Leaves celery n/a n/a
lerv number
celery in
ch Celery, Contained Graduate | n/a n/a
Graduated | liquid cylinder
graduated ] ]
i cylinder Inhalered ink | celery n/a n/a
cylinder
Pour out Graduate - | n/a n/a
cylinder

Fifth phase: Operation Setting

We ask teacher the operations to achieve the change for each variable. For
variable “stem length of celery”, it can be achieved by two operations. The two
actions are immersing celery into water and cut the celery stem. Thus it forms two

operation settings.

Table 24. The script content in fifth phase of dialogue-based experiment construction

celery | Drag in water vat | none Trigger celery
“Immerse in water”
action

knife | Drag with line | celery Celery’s attribute Trigger celery “cut

38



“stem cut” has stem” action
value “none”

Sixth phase: Time Setting

In this experiment teachers define the red ink decreasing amount in different

conditions.

Table 25. The script content in sixth phase of Dialogue-based experiment construction

10 celeryinthe | Leaves numbers of | trigger action “Inhale red ink” and
graduated celery =10 “Pour out” with degree equals 12
cylinder

10 celeryinthe | Leavesnumbersof | triggeraction “Inhale red ink” and
graduated celery =5 “Pour out” with degree equals 6
cylinder

10 celeryinthe | Leaves numbers-of | trigger action “Inhale red ink” and
graduated celery=0 “Pour out” with degree equals 2
cylinder

39



Chapter 5. Implementation and Experiment

5.1 System Implementation

For evaluation of the CIMAS, we implement a prototype system based on
CIMAM. The system is written by Adobe Flash actionscript. It can input an XML
configure file that conforms to CIMAM and include pictures as device resources. The
system then generates the designed experiment of xml configure file. This
XML-based configuration file is coming from the dialogue process using script
language. Since there is no authoring tool for visualizing configure like coordinates of
devices, we manually transform the script to XML configure file.

We conduct case study and experiment based on the prototype system. In case
study, we generate five experiments to evaluate the expressive power of the CIMAM.
In the experiment we invite a teacher to design a virtual experiment, using the
proposed system. After the process, we use. teacher satisfied questionnaire and
interview to invest the teacher’s feeling about the construction facility and the effect

of generated virtual experiment.

5.2 Case Study

We design five experiments, and make them into xml configure files. The
prototype system input these files to generate experiments, as shown from Figure 12
to Figure 16. The five experiments belong to three different domains in science
education, including biology, chemistry and physics. These experiments show the
CIMAM has enough expressive power in supporting experiments of different

domains.
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Figure 13. The water pressure experiment
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Figure 14. The Related Factors.i iration Speed of Plants, Type 2

L[

=

o
mm— FINFEY

Figure 15. The measure of glucose
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Figure 16. The nerve conduction experiment

5.3 Experiment

We invite a teacher who_teaches physics in junior high school to design an
experiment using the dialogue-based script language. The designed experiment is
called “The interaction between marble and hydrochloric acid”. The main purpose of
this experiment is to observe .if marble’s pallet size or the concentration of
hydrochloric acid would influence the speed of interaction. After the teacher uses
dialogue-based script language to finish experiment design, we use satisfied
questionnaire and interview to discuss with teacher. The satisfied questionnaire result
is shown in Table 26, the choice which has bigger number means more agreement

about the statement.

Table 26. A teacher’s satisfied questionnaire result of construction facility

Satisfaction about design process 1 2 3 4 5
It is easy to comprehend experiment as scene, device, 0O 0O o O
structure and operation

Follow the order of dialogue-based guiding to design an OO 0O od O

experiment is easy

This approach could represent the experiment which | 0 O B 4|
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intend to design

It is easy to design various experiments by this approach 1 OO 8 [ O
Modify an exist experiment to another experimentiseasy |[ ] [ ] [] M []
The pre-defined devices could help in reduce construction |[] [] [] [] M

cost

The result shows teacher is satisfied in general to the design process. However
the question “It is easy to design various experiments by this approach” has lower
scores. According to the interview, the teacher thinks it is because there are still many
details need to depict in experiments, and it is not easy to finish by only applying one
iteration. If there is an authoring tool that can show the result immediately after each
phase, it can increase the facility of experiment design.

We transformed the experiment design script to XML configure file. The XML
configure file were executed by the prototype system. Another teacher satisfied
questionnaire is conducted to investigate if the teacher is satisfied about the

experiment effect.

Table 27. Ateacher’s satisfied questionnaire result of experiment effect

Satisfaction about generated experiment 1 2 3 4 5
The display is attractive N B O 4
The operation is smooth OO 0O od O
This experiment reflects my design faithfully O O 0O & [
This experiment reflects my design of scenes 0O 030«
This experiment reflects my design of devices 1O 0O ™ [
This experiment reflects my design of structures 1O 0O ™ [
This experiment reflects my design of operations 0 B I 4
Students had operation flexibility in manipulating and 0O 0O o O
controlling variables

The virtual experiment could achieve the goal of assessing |[] [] [] [] M
scientific inquiry skill
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The result shows the teacher is satisfied about the experiment representation and
the assessment effect. The teacher also give some comments from the interview: “It is
a good way to use virtual laboratory to reduce the cost of hands-on experiments.
Virtual laboratory has the advantages of no devices consumption, available for
students doing repeatedly trying, keep safety in experiment and saving the time. The
ready-made virtual laboratories only provide experiments based on textbooks. If there
is a system to help teachers in creating virtual experiments that different from existing

experiments in textbook, teachers will have the chance to enhance their teaching.”
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Chapter 6. Conclusion

In this thesis, we proposed a CIMAS using knowledge-based approach. Creating
new experiments just need to modify the knowledge without modifying the program,
thus the separation of knowledge and program reduces the construction cost. The
proposed CIMAM can represent the knowledge structure of virtual experiments. The
model of default knowledge in the CIMAM makes the system be able to support
experiments in different domain. It is also a proposed knowledge acquisition method
to preprocess the default knowledge. The preprocessing of default knowledge also
reduces the construction cost by the reuse of knowledge. The proposed script
language, representing adequate information of a virtual experiment, can facilitate
teachers to describe the desired experiment.. The dialogue-based knowledge
acquisition provides teachers a systematic way to describe an experiment design.

In the experiment, it is found ‘that the dialogue-based script language
construction method can guide teachers to finish the experiment design. Since many
details of the experiment design still need to be specified, an authoring tool to show
the result of each stage may help teachers in construction. It is the future work of this

study.
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